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 Information derived or interpreted from analyses of X-ray Photoelectron Spectroscopy (XPS) data is fre-

quently used to make valuable decisions in business, product development, process improvement and ma-
terials characterization. For this reason, it is important to understand the characteristics of the reference 
data stored in the data-banks that are currently used to obtain this information. This review addresses 
characteristic features, content and problems with the spectra and BEs provided in various XPS data-
banks. Two different types of data-banks, numerical and spectral, are discussed. Data-banks are commer-
cially available in various forms, i.e. handbooks, scientific journals, internet based data-banks and com-
puter-based data-banks, including: (1) PHI Handbook of XPS (1979),  (2) NIST SRD-20 XPS Database 
(1989), (3) Wiley Practical Surface Analysis 1st and 2nd ed. (1990), (4) SASJ ComPro v8 and Data-bank 
(1990-2004), (5) JEOL Handbook of XPS (1991), (6) CRC Practical Handbook of Spectroscopy (1991), (7) 
PHI Handbook of XPS (1992), (8) Wiley High Resolution XPS of Organic Polymers – Scienta ESCA 300 Da-
tabase (1992), (9) XI SpecMaster Pro XPS Database (1993), (10) AVS Surface Science Spectra (1993), (11) 
XI Web Site - XPS Data Tables and Reference Data (1997),  (12) XI PDF of Handbooks of Monochromatic 
XPS Spectra – The Elements and Native Oxides (1999), (13) Wiley Handbooks of Monochromatic XPS Spec-
tra, 3 Volume series (2000), (14) NIST SRD-20 XPS Database v3 (2000), (15) LaSurface Web Site Database 
- XPS (2001), (16) XI Handbooks of Monochromatic XPS Spectra, 5 Volume series (2004) and (17) XI PDF 
of Handbooks of Monochromatic XPS Spectra – Commercially Pure Binary Oxides (2005). At the end of this 
review there is a list of recommendations for the design and content of future XPS data-banks. Copyright 
© 2007 XPS International LLC 
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INTRODUCTION  
 

This review discuss the features and problems in the content 
and structure of various collections of XPS spectra and bind-
ing energy (BE) numbers, also known as spectral and numeri-
cal data-banks.   
 To convert XPS spectra into meaningful information, the 
XPS data analyst can and should use several resources and 
tools to assist in the interpretation of the XPS spectra because 
BEs alone are not sufficient to make reliable chemical state 
assignments.   
 How to make reliable chemical state assignments is a 
separate issue, not discussed in this review, but the keys to 
making reliable chemical state assignments require the use of 
several vital resources such as:  spectral data-banks that pro-
vide XPS spectra from pure reference materials, XPS hand-
books with spectra and BE tables, on-line and off-line XPS 
BE data-banks, books on XPS, empirical formula, chemical 

 

tables, FWHM tables and journals that provide XPS spectra.   
 XPS spectra from reference materials are clearly the tools 
of choice because they provide all of the bits of data needed to 
make the most reliable interpretation.  These bits of data in-
clude:  BEs, FWHMs, satellite bands, peak area ratios, peak 
energy differences, shake-up bands, charge transfer bands, 
multiplet-splitting bands, spin-orbit energy differences, peak 
overlaps, background shape etc. that are essential for making 
reliable chemical state assignments that allow us to generate 
reliable information.   
 The data-banks to be reviewed are those that have a sig-
nificant amount of data and are readily available to all XPS 
users either free of charge or by purchasing a book on XPS, a 
handbook of XPS, a journal on XPS, a database of XPS spec-
tra or software.  These publications and software are routinely 
used to assist XPS data analysts in their efforts to make reli-
able chemical state assignments, therefore it is useful and im-
portant to know the characteristics of these resources. 
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BACKGROUND 
 
Data-banks of XPS data can be classified into two basic types: 
(1) numerical data-banks and (2) spectral data-banks. Each 
type can be stored in printed or digital form with or without 
data processing (e.g. smoothing, deconvolution, peak-fitting, 
atomic % summary, annotation etc). 
 The BE numbers in numerical and spectral data-banks are 
often referred to as “reference data (BEs)” partly because they 
were published in peer-reviewed scientific journals and partly 
because the authors reported at least one calibration (refer-
ence) energy, i.e. the BE of the Ag 3d5/2, Au 4f7/2 or C 1s peak 
BE. Published BE numbers (reference data) are often assumed 
to be accurate enough to allow reliable assignments of chemi-
cal states. Most of the reference BE numbers, used to make 
chemical state assignments, were originally published in a 
wide variety of scientific journals between 1970 and 1985 and 
were produced by a large number of researchers and engineers 
around the world who used various XPS instruments and vari-
ous calibration energies, also known as reference energies. 
XPS, as a tool, became widely available in the late 1960s 
which matches the onset of publications reporting XPS BEs. 
The instruments that produced most of these reference BEs 
numbers were equipped with non-monochromatic Mg Kα1,2 X-
rays. Today, however, most new instruments use monochro-
matic Al Kα1 X-rays. 
 To minimize confusion in terminology, we will use the 
following phrases and definitions: 
 

(a) reference data = published BE numbers  
e.g. BEs derived from commonplace materials, 
standard reference materials, certified reference ma-
terials or secondary reference materials. 

 
(b) calibration energy = reference energy  

e.g. BEs derived from pure Au, Ag or Cu for the 
purpose of calibrating or correcting the energy scale 
of an XPS instrument. 

 
(c) hydrocarbon C 1s reference energy  

i.e. the C 1s BE of the hydrocarbon component 
(moiety) of adventitious, carbon-bearing materials 
used for the purpose of correcting experimental BEs 
derived from non-conductive materials 

 
(d) chemical state ≠ oxidation state 

i.e. the electronic, chemical and physical nature of a 
chemical element as it exists in combination with a 
group of one or more other elements or in its natural 
“elemental” state.  

 
(e)  numerical data-bank 
 i.e. a collection consisting of numbers only. It nor-

mally contains simple lists or tables of high energy 
resolution electron binding energy (BE) numbers, 
Auger parameter numbers or kinetic energy (KE) 
numbers that are attributed to or assigned to a group 
of one or more atoms, which, for example, are 
called a chemical state, a functional group or an 
oxidation state.  

(f)  spectral data-bank 
 i.e. a collection consisting of spectra only, stored in 

either raw or processed form with or without atom 
% composition tables, peak-fit tables, annotation or 
other information. This type of data-bank contains 
spectra obtained under various analysis conditions 
from various energy regions usually ranging from -
10 to 1400 eV.  

 
 Dr. Charles Wagner1, who dedicated much of his career to 
the field of XPS, reviewed countless journal publications for 
the sole purpose of extracting BEs derived from XPS meas-
urements of many different materials. He cross-checked and 
organized those BEs into tables and charts of XPS BEs, 
which, in effect, formed the first XPS data-bank. Most of the 
materials used to build this collage of reference data were 
commonplace materials that were expected or reported to have 
a high degree of bulk or surface purity. Very few, if any, of 
those materials were certified reference materials (CRM), 
standard reference materials (SRM) or secondary reference 
materials. Dr. Wagner’s tables of BEs form the very core of all 
3 versions of the NIST SRD-20 XPS Database2-4. His tables of 
BEs have been partially or fully reproduced in both editions of 
PHI’s Handbooks of XPS5, 6, both editions of Practical Sur-
face Analysis,7, 8 JEOL’s Handbook of XPS,9 and the web site 
built by LaSurface10. All of us who use XPS are greatly in-
debted to Dr. Wagner for his very significant efforts to assem-
ble the 1st widely available data-bank of BEs derived from a 
host of commonplace materials. 
 Scientists in research and industry routinely use his tables 
to assist them in their efforts to assign chemical state struc-
tures (e.g. C-H or C-F; Si or SiO2) to XPS peaks in high en-
ergy resolution spectra. As a result, data-banks of “reference 
data (BE numbers)” have been used to generate information 
from experimentally measured XPS spectra. The reliability of 
that information is directly affected by and determined by the 
reliability of the experimental BE numbers, which, in turn, are 
directly affected by the calibration (reference) energies used to 
calibrate the energy scales of the instruments that were used to 
measure those thousands of BEs. More directly, this means 
that the reliability of the information obtained from any meas-
ured XPS signal is determined by the random errors, system-
atic errors, and uncertainties of the reference (calibration) en-
ergies11 used to collect those BEs. 
 Based on the author’s personal efforts to use the BE num-
bers published in various data-banks and personal communi-
cations from other scientists, it is clear that the uncertainties 
and errors in many BEs are often large enough to cause XPS 
analysts to make chemical state assignments that are wrong. 
This problem is the main reason for writing this review. 
 Because similar chemical states give similar binding en-
ergies, many experienced scientists tend to collect complete 
sets of XPS spectral data from chemically related, high purity 
reference materials which allows them to maximize the accu-
racy of their chemical state assignments by having their own 
in-house data-bank of reliable reference spectra. It is probable 
that they produce these small data-banks because they too 
have had difficulty to use the BEs in various numerical data-
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banks. This in-house generation of a small scale spectral data-
bank greatly improves the usefulness of the information gen-
erated, but requires extra work, time and cost.  
 The objective of this review is to discuss the features and 
problems in the content and structure of the numerical and 
spectral data-banks that are currently available to the public.  
 
DATA RELIABILITY AND PROBLEMS 
 
Information derived from XPS data is similar to information 
derived from other types of spectroscopic data because the 
reliability of all forms of information depends directly on the 
reliability of the published reference data used to make chemi-
cal state assignments and the calibration (reference) energies 
used to calibrate the instruments (XPS, AES, IR, NMR, SIMS 
etc).  This section reviews many of the aspects of data reliabil-
ity and introduces some of the problems. 
 To make chemical state assignments, many XPS analysts 
have, in the past, bought, use and rely on the numerical data-
banks provided in several versions of the NIST SRD-20 XPS 
Database and the PHI Handbook of XPS (1st and 2nd ed). To-
day, however, there are several new sources of XPS reference 
data, i.e. spectra and BE numbers. Many of those sources are 
listed in the following Data-Banks section and will be re-
viewed in this paper. 
 For more than 30 years XPS has been widely used as a 
tool by industry and universities, but many XPS users and 
many XPS data-banks still suffer from the various problems 
described in Table 1. When an institution subscribes to scien-
tific journals that report surface science information, then sci-
entists, who must analyze and interpret XPS data, often rely 
on the BE numbers and spectral data published in those jour-
nals. With only one exception (i.e. the journal of Surface Sci-
ence Spectra), journal based sources of numerical and spectral 
XPS data provide only small and un-organized sets of numeri-
cal and spectral data scattered over many publications and, for 
that reason, will not be discussed in this review.  
 Despite the problems, errors and uncertainties that exist in 
many data-banks, XPS scientists still produce results and in-
formation that seem useful, albeit with limited levels of accu-
racy and success. This assumption appears to be valid because 
a review of reference citations in recent journal publications 
shows that many engineers and scientists in many companies 
and universities are successfully publishing in peer-reviewed 
and edited journals after relying upon and using BEs pub-
lished in various numerical data-banks. However, it is impor-
tant to note that successful publication in peer-reviewed and 
edited journals does not mean that all chemical state assign-
ments in a journal publication, a handbook or a data-bank, are 
correct or “nearly” correct. It simply means that many errors 
in chemical state assignment are not critical to many current 
day applications or needs, and that many peers and editors are 
not as vigilant as needed to minimize these types of problems. 
This situation, if left unchecked, has the potential over the 
next few decades to limit technological advances in material 
science,    

Table 1. Problems in old and new XPS data-banks.  
 
• no valid or standard method that reference BEs from 

insulators 
• sample degradation during data collection produces 

errors or uncertainty in chemistry and BEs28-36 
• calibration (reference) energies vary according to 

reference energies recommended by instrument 
manufacturer 

• energy scales vary according to reference energies 
recommended by instrument manufacturer 

• limited energy referencing by authors, often using 
only one reference BE such as Ag 3d5/2  

• reference energies not checked on the same day as 
BEs of material submitted for publication 

• researcher published expected reference energies, not 
measured reference energies 

• peer reviewers and editors do not contest the lack of 
sufficient reference energies, despite the fact that the 
makers provided both low and high BE values 

• FWHM, which can affect BE, are seldom reported 
• type of X-rays (mono-Al vs. non-mono Mg) not re-

ported 
• essential analysis conditions, such as pass energy, are 

not reported 
• peakshape (% Gaussian; % Lorentzian; % asymme-

try) is usually not reported 
• peak-fit baseline shapes, which can affect BE, are 

seldom reported 
• ion etch effects that implant Ar ions and cause en-

ergy shifting (e.g. n-Si shifts by >0.4 eV after being 
ion etched) 

• energy referencing of signals from conductors cov-
ered by thin insulators by using the C 1s BE 

• grounding effects caused by oxidized sample mount, 
dirty bearings, poor grounding, loose wiring etc. 

• sample BE numbers and calibration energies ob-
tained using different analysis conditions (pass ener-
gies or spot sizes) that can produce significant errors 
in BE numbers 

• uncertainties and systematic errors in spectral data 
are usually undefined 

• no reports of statistical validity or data reliability 
• measurements are normally run only once 
• significant difficulty in the exchange of spectral data 

between different instruments 
• no standards that define data quality or data reliabil-

ity  
• no spectra of materials in their as received state ver-

sus after cleaning 
• very few spectral data from commonplace materials 
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Table 2. Calibration (reference) energies published by  
instrument manufacturers before 1980. Ref.28 

 
   AEI   HP Kratos PHI   VG      
Year   1972 1976 1977 1979 1980 
Model  100 5950 200 550 Mk1 
Analyzer type HSA HSA HSA DP-CMA HSA 
X-ray type  Non-Mg  Mono-Al Non-Mg Non-Mg  Non-Mg 
 

XPS Signal  BE (eV)  BE (eV)  BE (eV)  BE (eV)  BE (eV) 
Cu 3p   75.2 75.1 ------- 74.9 75.1 
Au 4f7/2  84.2 83.96 83.8 83.8 83.7 
Ag 3d5/2  368.2 368.25 368.2 367.9  367.9 
Cu 2p3/2  932.2 932.47 932.8 932.4 932.5 
C 1s adventitious  ------- 284.7 285.0 284.6 ------- 
 

process development and the commercial production of ad-
vanced materials. 
 The current situation indicates that the scientists and en-
gineers, who are responsible for interpreting and converting 
raw XPS spectra into accurate or useful information, have 
assumed that the BE numbers in numerical data-banks are 
sufficiently reliable and have uncertainties and errors that are 
small enough to allow them to generate reliable chemical state 
assignments. This suggests that many of us do not realize or 
worry that the BEs listed in numerical data-banks suffer from 
a variety of significant, systematic and random errors, which 
must exist because those thousands of BE numbers were gen-
erated by many hundreds of different XPS instrument opera-
tors, who used many different calibration energies, various 
charge referencing energies and various analysis conditions 
that affect BE numbers.11,28,29 As an example of some of the 
problems that are due to variations in calibration energies, 
please refer to Table 2 that lists the calibration energies pro-
vided by instrument makers soon after XPS became a viable 
analytical tool.11  
 As another example of our problems, please note from 
Table 2 the 0.6 eV range in BEs for the Cu 2p3/2 signal of pure 
copper (Cu0), and compare that range to the 0.2 eV difference 
in BEs of pure copper (Cu0) and Cu2O found in reference 4, 
which lists 16 different BEs for Cu2O that range from 932.2 to 
932.7 eV giving a mean of 932.44 eV and a standard deviation 
of 0.206. 
 Another is sample degradation, a well known problem,28-

36 that occurs while the surface of interest is inside high vac-
uum and/or exposed to an X-ray source. Degradation is ac-
companied by changes not only in composition but also BEs. 
 These problems and others like them are well known be-
cause a group of experienced scientists have performed sev-
eral national and international round-robin comparison tests 
and have reported that there are indeed a variety of significant 
errors and uncertainties in nearly all XPS data.28-33  These er-
rors and uncertainties are the major driving force behind the 
current national and international efforts to develop interna-
tional standards for XPS. One of the reasons for these efforts 
is that experienced XPS users know that reliable BE numbers 
are extremely valuable both time-wise and money-wise. It is 
clear that experienced XPS users have obviously had great 
difficulty to make reliable chemical state assignments by using 

the XPS BE numbers (reference data) listed in various data-
banks but generated without sufficient control of the experi-
mental conditions. Therefore, as a result of much frustration, 
extra work and cost, the experienced users have begun the 
pursuit of standards. This state of affairs clearly shows that 
many of the older BE numbers are questionable and need to be 
verified, corrected or simply deleted. 
 Many experienced analysts have privately reported to this 
author that they know that many of the BE numbers in various 
data-banks are not reliable enough to use to assign chemical 
states in a straightforward manner. They use such BEs as a 
rough guide, a starting point. 
 Because of this problem, many companies and universi-
ties have begun building in-house data-banks of XPS spectra 
that can provide the details needed to solve the more difficult 
problems caused by the overlap of BE signals from similar 
chemical states with similar BEs. Private in-house spectral 
data-banks require many years to complete because the normal 
work of each scientist is not to collect reliable, reference grade 
spectral data. These internally generated spectral data-banks, 
when used in conjunction with the numerical data-banks, al-
low younger, less experienced analysts and their companies or 
universities to minimize the chance of error and maximize the 
usefulness of the derived information.  
 Internally generated spectral data-banks are normally self-
consistent sets of data that are much more reliable and very 
valuable because nearly all of the experimental parameters 
remain constant. By being self-consistent, the reliability of any 
data-bank is greatly improved, in turn improving the reliability 
of the information gained from measured spectra.  
 This shows us that XPS is the same as other types of spec-
troscopy where the user, who must interpret raw spectra, often 
uses both numerical and spectral data-banks. 
 In this section we have discussed several aspects of data 
reliability and the problems in all types of XPS data-banks. 
The numerical and spectral data-banks to be discussed in this 
review are listed in Table 3. Sample pages of the data-banks, 
discussed in this review, are presented as Figures 6-32. 
 
DATA-BANKS 
 
As mentioned at the start, the main objective of this review is 
to discuss the features and problems of the content and struc-
ture of data-banks that are available to the public. The data-
banks, being reviewed, are listed here.  
 
Table 3. Numerical and spectral data-banks discussed in this 
review. 
 
  1979: Handbook of XPS, by Physical Electronics (PHI) 

Corp. Ref.5 

 1983: Practical Surface Analysis by Auger and X-ray  
   Photoelectron Spectroscopy7, Appendix 4, by John 

Wiley and Sons. Ref.7 
 1989: SRD-20 X-ray Photoelectron Spectroscopy Database, 

by National Bureau of Science (NBS, now NIST) and 
Surfex Co. Ltd., Ref.2 
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 1990: Practical Surface Analysis by Auger and X-ray  
   Photoelectron Spectroscopy 2nd Edition,  

Appendix 5, by John Wiley and Sons.  Ref.8 
 1990: ComPro v8 and Databank by Surface Analysis  
   Society of Japan (SASJ). Ref.34 
  1991: Handbook of XPS by Japan Electron Optics  

Laboratory (JEOL) Co. Ref.9 
  1991: Practical Handbook of Spectroscopy – XPS,  

Section 2 by CRC Press, Inc.  Ref.35 
 1992: Handbook of XPS 2nd Edition by Physical  

Electronics (PHI) Corp. Ref.6  
  1992: High Resolution XPS of Organic Polymers – The 

Scienta ESCA 300 Database by Wiley and Sons. 
    Ref.36 
 1993: SpecMaster Pro XPS Database System by XPS In-

ternational (XI) LLC. Ref.28 
 1993: Surface Science Spectra journal by American  

Vacuum Society (AVS).  Ref.29 
 1997: XPS International Web Site by XPS International 

(XI) LLC. Ref.30 
 1999: Handbooks of Monochromatic Spectra – The  

Elements and Native Oxides - Vol 1 in PDF   
by XPS International (XI) LLC.  Ref.31 

 2000: Handbook of Monochromatic XPS Spectra: The 
Elements and Native Oxides by John Wiley and 
Sons, Co. Ref.32 

 2000: Handbook of Monochromatic XPS Spectra:  
Polymers and Polymers Damaged by X-rays  
by John Wiley and Sons, Co. Ref.35 

 2000: Handbook of Monochromatic XPS Spectra:  
Semiconductors by John Wiley and Sons,  
Co. Ref.34 

 2000: NIST SRD-20 X-ray Photoelectron Spectroscopy 
Database v3 by National Institute of Science and 
Technology (NIST).  Ref.4 

 2001: LaSurface Web Site – Database – XPS by Centre 
National de la Recherche Scientifique (CNRS) and 
Thermo Fisher Scientific.  Ref.10 

 2004: Handbooks of Monochromatic XPS Spectra: The 
Elements and Native Oxides – Volume 1 by XPS  
International (XI) LLC.  Ref.35 

 2004: Handbooks of Monochromatic XPS Spectra:  
   Commercially Pure Binary Oxides – Volume 2  

by XPS International (XI) LLC.  Ref.36 
 2004: Handbooks of Monochromatic XPS Spectra:  
   Semiconductors – Volume 337 by XPS International 

(XI) LLC.  Ref.37  
 2004: Handbooks of Monochromatic XPS Spectra:  
   Polymers and Polymers Damaged by X-rays –  

Volume 4 by XPS International (XI) LLC.  Ref.38 
 2004: Handbooks of Monochromatic XPS Spectra: Rare 

Earth Oxides, Hydroxides, Carbonates, Nitrides, Sul-
fides and Miscellaneous – Volume 5 by XPS  

   International (XI) LLC.  Ref.39 
 2005: Handbooks of Monochromatic Spectra –  
   Commercially Pure Binary Oxides - Vol 2 in PDF 

 by XPS International (XI) LLC.  Ref.49 

 
NUMERICAL DATA-BANKS 
 
The following two sections present the general features and 
general problems that exist in various numerical and spectral 
data-banks being used to make chemical state assignments. 
The sections that follow describe the specific features and 
specific problems of each of the data-banks listed in Table 3. 
 
General Features of XPS Numerical Data-Banks 
Numerical data-banks are data-banks of numbers only, no 
spectra. This type of data-bank normally contains simple ta-
bles of electron binding energy (BE) numbers, which, in cer-
tain data-banks, are listed adjacent to the attributed chemical 
states and a reference to the original publication.  
 The data-bank published by NIST (SRD-20 X-ray Photo-
electron Spectroscopy Database3) is a good example of a nu-
merical data-bank that contains thousands of electron BE 
numbers. This type of numerical data-bank is currently widely 
used by many scientists and engineers working to assign 
chemical state structures to peak BEs. 
 Several books discussed in this review include numerical 
data-banks that list the exact same BEs and references pro-
vided in the NIST database. A few of these books include 2-3 
raw spectra from pure elements which serve as a rough guide 
for processing raw spectra. Spectra from chemical compounds 
actually have more complicated peakshapes, so these few 
spectra from pure elements are not so useful to determine if a 
particular chemical state is present or absent in a chemical 
compound or a material containing multiple compounds.  
 Tables of high energy resolution electron BE numbers in 
numerical data-banks usually list BEs from a single XPS sig-
nal (e.g. C 1s) for a specific element bound to a set of various 
elements or in various chemical states (e.g. Fig. 1). The XPS 
signal that is normally listed is the signal that gives the most 
intense signal and the smallest full-width-at-half-maximum 
(FWHM) value, also known as the principal peak. The most 
intense signals are normally the most useful to decide which 
chemical states are present or absent.  
 In the case of the element carbon (Fig. 1), the high energy 
resolution electron BE number table reports BEs for the peak 
maximum that were probably derived by peak-fitting raw C 1s 
spectra. This type of data table lists high energy resolution 
electron BEs attributed to the presence of carbides, hydrocar-
bons, carbonates and other carbon species that have BEs simi-
lar in value, but are different enough to be resolved because 
the FWHM of a particular chemical state is normally small 
when compared to the energy difference between different, 
but similar chemical states. 
 As noted earlier, nearly all of the BEs listed in the high 
energy resolution electron BE number tables (the numerical 
data-banks) included in the appendices of the several XPS 
books, 
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Figure 1. A typical high energy resolution electron binding en-
ergy table for C 1s signals in SRD-20 database. Ref.3 
 

XPS handbooks, all versions of the NIST XPS database and 
the LaSurface web site are due to the dedication and efforts of 
Dr. Wagner. Dr. Wagner spent many years reviewing the sci-
entific literature, collecting and evaluating the thousands of 
BE values now listed in many numerical data-banks. He care-
fully studied the experimental sections of each publication and 
energy referenced the BEs from many different materials by 
using a set of calibration energies and a scheme that defines 
the reliability of the reported BEs. As a direct result, those BE 
tables can be used in a practical manner.  
 Even so, it is important to remember that the thousands of 
BEs in the tables of today’s numerical data-banks were, in 
fact, measured by many different analysts, who used many 
different XPS instruments and different reference energies 
under many different experimental conditions to measure BEs 
from single run experiments. Because analysts normally ran 
each analysis only once, the repeatability, reproducibility and 
uncertainty of the BEs in these data-banks are, in effect, 
poorly defined.  
 In the remainder of this section we discuss several fun-
damental problems that affect many of the binding energies 
reported in many numerical XPS data-banks. 

 
General Problems in XPS Numerical Data-Banks 
Of the problems (Table 1) that might affect the BEs reported 
in an XPS data-bank, this section will focus on only funda-
mental problems in numerical data-banks. 
 At this moment, just as in the past, many XPS instrument 
operators do not routinely check, document, track, publish or 
use more than 1-2 of the 6-8 reference energies provided by 
instrument makers. There are too often no trend charts or run 
charts that reveal a significant shift in the energies used to 
calibrate the instrument or reveal instabilities. There are many 
potential reasons for the lack of checking reference energies. 
Reasons such as: (a) machine time is too expensive, (b) there’s 
no time just now, (c) the machine is running just fine, (d) the 
energies have been the same the last 3 times we checked last 
year, etc. 
 As early as 1969, commercial instrument makers provided 
calibration energies for the Ag 3d5/2, Ag 3d3/2, Au 4f7/2, 

Table 4. Calibration (reference) energies published by  
researchers after 1990. Ref.42-46 

 
   Ref. 42   Ref. 43 Ref. 44 Ref. 45   Ref. 46      
Year   1995 1993 1993 1992 1998 
Maker  Kratos SSI PHI Kratos VSW 
Model  XSAM800 S-Probe 5400 ES200B HA150 
Analyzer type HSA HSA HSA HSA HSA 
X-ray type  Non-Mg  Mono-Al Mono-Al Non-Mg  Mono-Al 
 

XPS Signal  BE (eV)  BE (eV)  BE (eV)  BE (eV)  BE (eV) 
Cu 3p   74.9 -------  74.95 75.14 75.1 
Au 4f7/2  84.0 84.15 83.82 ------- ------ 
Ag 3d5/2  368.0 -------  368.08 -------  368.3 
Cu 2p3/2  932.7 932.71 932.49 932.67 932.7 
C 1s adventitious  285.0 ---- 284.8 ------- 284.6 
 
Au 4f5/2, Cu 3p, Cu 3s, Cu 2p3/2 and Cu 2p1/2  signals and other 
useful signals, but the operators or owners, all too frequently, 
normally publish or check only one of the 6-8 calibration en-
ergies that were provided by the instrument makers for the 
sole purpose of routinely checking and correcting energy scale 
settings and linearity. This operator-based practice of using 
just one reference energy to check or define the energy scale 
calibration of an XPS instrument is a practice that is directly 
responsible for many of the errors in the BEs of conductive, 
semi-conductive and non-conductive materials listed in vari-
ous numerical data-banks. This tendency is easily found by 
doing a cursory review of the reference energies provided in 
the NIST SRD-20 database.  
 A cursory check of the NIST database also indicates that a 
few laboratories around the world do routinely check and rou-
tinely report two reference energies to define and document 
the energy scale of their particular instruments. This is an im-
provement over the use of just one reference energy, but may 
not address the energy scale variances (voltage drifts) that 
occur in the high BE range (500-1,400 eV) where several in-
dustrially important transition metals (e.g. Fe, Co, Ni, Cu, Zn) 
have strong signals used to determine their chemical states.  
 
Fundamental Problem #1   
Range of Calibration (Reference) Energies 
 Standard calibration (reference) energies, developed by an 
international team of XPS experts, were published in 2001 by 
the International Standards Organization (ISO) Technical 
Committee (TC/201) for Surface Chemical Analysis as ISO 
document #15472 (titled:  Surface chemical analysis – X-ray 
photoelectron spectrometers – Calibration of energy scales). 
The ISO reference BE values for a monochromatic Al Kα1 
source for the Cu 2p3/2, Ag 3d5/2 and Au 4f7/2 signals are 
932.62, 368.21 and 83.96 eV, respectively. These ISO values 
represent the first international effort to standardize the refer-
ence energies used to calibrate the energy scales of XPS in-
struments worldwide. The lack of international reference en-
ergy standards until 2001 means that most of the calibration 
energies used over the past 40 years, have various uncertain-
ties11,12 that are large enough to affect the chemical 
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Table 5. Calibration (reference) energies published by  
researchers after 2000. Ref.47-51 

 
   Ref. 47   Ref. 48 Ref. 49 Ref. 50   Ref. 51      
Year   2000 2000 2001 2000 2002 
Maker  PHI Kratos Leybold PHI PHI 
Model  Quantum  Axis-HS LHS-11 5400 5500 
Analyzer type SSA HSA HSA HSA HSA 
X-ray type  Mono-Al  Mono-Al Non-Mg Mono-Al  Mono-Al 
 

XPS Signal  BE (eV)  BE (eV)  BE (eV)  BE (eV)  BE (eV) 
Cu 3p   ------ -------  -------  -------   -------   
Au 4f7/2  84.0 84.00 -------  83.7 84.2 
Ag 3d5/2  ------ -------  368.1 -------  368.47 
Cu 2p3/2  ------ ------- -------  932.4 932.8 
C 1s adventitious  ------  ------- ------- -------  284.6 
 
state assignments of any material, including conductive ones. 
The degree of this problem is partially revealed in Tables 2,4,5 
which reveal that instrument owners still do not routinely use 
a rigorous scientific protocol for instrument calibration.  
 Much of the uncertainty and reliability problems in nu-
merical data-banks of high energy resolution electron BEs is 
due, in large part, to the fundamental differences in the cali-
bration energies that have been and continue to be used to 
calibrate the BE scale of XPS instruments (Tables 4-5).  
 After studying various numerical data-banks and publica-
tions,2-29 the reader will find that during the past 40 years the 
XPS calibration (reference) energies reported for pure gold 
(Au 4f7/2) have ranged from 83.7 ±0.2 eV to 84.07 ±0.05eV, a 
range of BEs >0.3 eV. It is interesting to note that the reported 
±0.2 uncertainty in the 83.7 eV value implies a BE range of 
83.5 eV to 83.9 eV. Still older publications indicate that pure 
gold was at one time reported to have a BE of roughly 83 
eV.35 During the same 40 years the calibration energy for the 
Cu 2p3/2 signal of pure copper (Cu°) has ranged from 932.2 eV 
to 932.8 eV.2-29 Therefore, it is reasonable to expect that the 
BEs for many conductive materials (alloys, metallic elements, 
semiconductors, steels etc.) should have an uncertainty as 
large as ±0.3 eV especially if its principal signal is located in 
the higher end of the scale (500-1400 eV).  
 With this size of uncertainty range and the <0.3 eV en-
ergy resolution capability of today’s monochromatic or syn-
chrotron based XPS systems it is very possible to make wrong 
chemical state assignments for conductive materials that are 
chemically similar. This type of problem includes, for exam-
ple, alloys that have the same elements, but contain different 
ratios of those elements, compound semi-conductors mixed 
together in different ratios and ceramic type superconductors 
which are only slightly different in composition.  
 In the past, this range of uncertainty was inevitable be-
cause of the large FWHM of non-monochromatic X-ray 
sources, previous instrument design tolerances, previous low 
precision electron volt standards and other related limitations, 
but the quality of electronics and X-ray sources have im-
proved  

Table 6. Separation in Reference Energies (SREs) published 
by several instrument manufacturers before 1980. Ref.28 

 
   AEI   HP Kratos PHI   VG      
Year   1972 1976 1977 1979 1980 
Model  100 5950 200 550 Mk1 
Analyzer type HSA HSA HSA DP-CMA HSA 
X-ray type Non-Mg  Mono-Al Non-Mg Non-Mg  Non-Mg 
 

Reference Signals   SRE   SRE   SRE   SRE   SRE  
Cu 2p3/2 – Cu 3p 857.0 857.4 ------- 857.5 857.4 
Cu 2p3/2 – Au 4f7/2 848.0 848.5 849.0 848.6 848.8 
 
significantly in recent years. So, what about our calibration 
energies or the BEs derived from new materials? 
 As a partial solution to this calibration problem Dr. Wag-
ner corrected the BEs in the publications that he reviewed 
such that experimental BEs published between 1970 and 1985 
were adjusted to a single set of reference energies with a reli-
ability scheme he devised. This approach was useful, but only 
partially decreased one aspect of the energy referencing prob-
lem. 
 
Fundamental Problem #2 
Ranges in Energy Scales 
 A second fundamental problem that affects the reliability 
of the BE numbers in any data-bank is the “separation in ref-
erence energies” (SRE). An SRE value is the difference be-
tween a high reference energy (such as the BE of Cu 2p3/2) and 
a low reference energy (such as the BE of Au 4f7/2). The range 
in SRE values is normally the result of using different calibra-
tion (reference) energies, but may also be due to limitations in 
the original electronics.   
 This problem would be easy to compensate for if a publi-
cation included freshly measured calibration energies for both 
low BE and high BE calibration energies such as the BEs from 
the Cu 2p3/2 and Au 4f7/2 signals, but it is difficult, if not im-
possible, to correct most of the published data in the existing 
numerical data-banks because most authors normally reported 
only one calibration energy in their publications or they re-
ported a low BE from the Au 4f7/2 signal or a mid-range BE, 
from signals such as the hydrocarbon C 1s or Ag 3d5/2 signal.  
 Instruments used today and in the past have an SRE value 
as small as 848.0 or as large as 849.0.  The 1 eV difference 
between these values has significant consequences toward the 
BEs reported. Poorly maintained instruments (e.g. oxidized 
sample mount) or dirty reference materials (e.g. Cu or Ag) can 
produce SRE values larger or smaller than those listed in Ta-
ble 6 (e.g. 1-2 eV) that can not be corrected for if the author 
reports only one calibration energy or reports calibration ener-
gies for BEs below 500 eV. 
 The SRE values derived from the ISO reference energies 
is 848.67 ±0.01 for the Cu 2p3/2 – Au 4f7/2 energy separation.  
Maintaining this SRE value is critical to production of new 
reliable BEs to be shared internationally. 
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Legend 
Mean BEs derived from pure element BEs in NIST SRD-20. 

Standard Deviations are from the list of BEs used. 
Range shows the spread between the high and low BEs. 

# of Values is the number of BEs available for that element. 
95% Confidence Levels were calculated using Excel™. 

 
Because the database did not report BEs for certain pure elements,  

BEs from a common compound were substituted. 
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Figure 4. Box plot of range values listed in the 
periodic table (Figure 2). Boxed area repre-
sents 50% of the data points. Solid line in cen-
ter of boxed area is the mean value. The top 
and bottom of the box mark the limits of ± 25% 
of the variable population.  

Figure 3. Histogram of range values listed in the 
periodic table (Figure 2). Two significant outliers 
(3.6 and 4.2) indicate a serious problem in the 
original data. A 3rd outlier (KCl, 6.5) most likely 
suffers from an error in charge referencing. 

Figure 2. Periodic table of the elements showing statistical analyses of BEs listed in NIST “SRD-20 XPS Database” v3.4. Ref.4

outliers 
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Fundamental Problem #3 
Charge Referencing BEs from Non-conductive Materials 
A third fundamental problem of uncertainty and error exists 
for non-conductive materials (insulators) which represent the 
most common type of material analyzed by XPS. This prob-
lem is due to a 0.4 to 0.6 eV range in the reference energy of 
the hydrocarbon C 1s peak BE used for charge referencing. 
This problem is a severe problem because there are several 
variables that affect charge referencing of insulators.  
 It is an experimental fact that all BEs from all non-
conductive and conductive, but insulated, materials suffer ei-
ther a positive or negative charge induced energy shift during 
XPS analysis due to the photoemission of electrons that occurs 
during analysis and/or our efforts to compensate the charging 
by supplying low voltage electrons. 
 To make use of charge shifted BEs, the XPS user must 
use a method to compensate, offset or correct for the energy 
shift. Charge induced energy shifting is most often dealt with 
by mathematically correcting all experimental peak values to a 
suitable calibration (reference) energy, which in the case of 
non-conductive materials, is the C 1s BE of the covalently 
bonded, non-ionic, hydrocarbon component moieties (C-H, C-
C, C=C, CªC, CnHm)  that exist on the “as-received” surface 
of all materials. The hydrocarbon moiety is generally found to 
be the dominant form of adventitious carbon on all materials 
as long as the sample has not been recently ion etched, frac-
tured in vacuum or specially treated to remove the adventi-
tious carbon. The method of adjusting (correcting) experimen-
tal BEs is the straightforward addition or subtraction of the 
energy offset value, determined by subtracting the experimen-
tally measured C 1s BE of the hydrocarbon moiety from the 
user-preferred hydrocarbon C 1s reference energy value that is 
arbitrarily defined to exist somewhere between 284.6 and 
285.2 eV.  
 The hydrocarbon C 1s reference energy that is most often 
used for charge referencing depends completely on the train-
ing of the operator, author or scientist processing the raw 
spectra because, at this time, there is no standard reference 
energy for the C 1s BE of the hydrocarbon moiety or any pure 
non-conductive hydrocarbon material, and there is, as yet, no 
known method for ensuring a true Fermi level contact between 
the surface of a non-conductive material and a suitable refer-
ence material or a user deposited layer of some pure non-
conductive hydrocarbon material. 
 The 0.6 eV range of hydrocarbon C 1s reference energies 
(284.6 to 285.2 eV) mentioned above is based on a summary 
published by Swift50 and work done between 1970 and 1980 
by Malmsten, Schön, Johansson, Richter and Wagner (refer-
enced in Swift50), who reported hydrocarbon C 1s BEs found 
by peak-fitting the C 1s signals attributed to the hydrocarbon 
moieties that exist on the “as-received” surfaces of several 
noble metals:   Ag, Au, Cu, Pd, Pt  (Table 7). 
 This 0.6 eV range in the “hydrocarbon C 1s reference 
energy” is large enough to cause the misassignment of chemi-
cal state structures that exist within or on the surface of, not  

Table 7. C 1s electron binding energies (eV) for adventitious 
hydrocarbon component moieties reported by Swift. Ref.50  
 
Ref.  Year C 1s BE Substrate               Au 4f7/2 BE 
Malmsten 1970 285.0±0.4 Cu  na 
Schön 1973 284.8 Ag, Au, Cu, Pd & Pt   84.0 
Johansson 1973 285.0±0.3 Au, Cu, Pd & Pt  83.8 
Richter 1978 285.2±0.2 Au, Cu & Pd  84.0 
Wagner 1979 284.6 Au & Cu  83.8 
Wagner 1980 284.8 na  84.0 
 
only non-conductive materials, but also carbon bearing mate-
rials (polymers) both of which constitute 50-80% of the mate-
rials analyzed by XPS.  
 It is very interesting and important to note that the true 
chemical composition of adventitious carbon has never been 
definitively determined by any analytical method (e.g. ToF-
SIMS). It is also important to note that the ratio of the differ-
ent types of adventitious carbon chemical state moieties (hy-
drocarbon, alcohol, ether, ketone, ester, acid, carbonate) 
changes in accordance with the basic chemical nature of the 
substrate (e.g. metal, glass, ceramic, oxide, polymer).  The as-
received surface of a metal often has 40-60 atom % of adventi-
tious carbon on it, whereas glasses and ceramics have 20-40 
atom % of adventitious carbon and polymers have only 1-10 
atom %. These two variables, composition and amount, may 
or may not have a significant effect on the experimentally 
measured C 1s BE of hydrocarbon moieties. 
 The author of this review has published a handbook40 that 
includes peak-fitted C 1s spectra from naturally formed, native 
oxides of pure elements that behaved as normal conductors 
and from metal surfaces ion etched clean and left in a cryo-
pumped XPS instrument for many hours. The spectra of the 
main metal signal show that the metal oxide of the naturally 
formed, native oxides is usually less than 40 Ả thick. A table 
of the hydrocarbon C 1s BEs derived from the high energy 
resolution spectra in that handbook is provided as Table 8. 
The ion etched metal samples were measured after the pure 
metal sample had been argon ion etched and left in the system 
for >14 hr allowing the surfaces to develop a new steady state 
native oxide and a new layer of carbon contamination that 
originated from the gases that are residual to the UHV analysis 
chamber and the contamination that existed elsewhere on the 
surface of the sample. The instrument used for this study was 
an SSI X-Probe, equipped with a monochromatic Al Kα1 
source of X-rays and a cryo-pump on the analysis chamber 
(base pressure 10-10 torr). By taking a simple average of the 
native oxide values, we found a mean C 1s BE of 285.4 eV for 
the BE of the hydrocarbon moieties that exist on naturally 
formed, native oxides.  
 An average of the C 1s BEs measured from the ion etched 
samples gives a mean BE of 285.0 eV for the hydrocarbon 
moieties that develop, over many hours in cryo-pumped UHV, 
on the surface of ion etched metals along with other minor 
contaminants (e.g. carbides, adsorbed carbon monoxide, wa-
ter). 
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Table 8. C 1s BEs of the hydrocarbon moiety on naturally 
formed native oxides (pure metal signal visible at 900 TOA 
(take-off-angle). Ref.40 
 
  Native Oxide Ion Etched Difference 
Element (eV) (eV) (Diff) 

Ag 285.5 284.7 0.8 
Al 286.3 285.1 1.2 
As 284.6 284.7 -0.1 
B 284.6 285.2 -0.6 
Be 285.6 284.4* 1.2 
Bi 285.4 284.8 0.6 
Cd 286.0 285.0 1.0 
Co 285.5 284.4* 1.1 
Cr 285.1 284.8 0.3 
Cu 284.7 284.7 0.0 
Fe 285.2 284.4* 0.8 
Ga 286.1 285.6 0.5 
Ge 285.7 284.5 1.2 
Hf 286.2 286.1 0.1 
In 285.4 284.9 0.5 
Ir 285.4 285.4 0.0 
Mg [Fresh] 286.5 284.4* 2.1 
Mn 284.8 286.3 -1.5 
Mo 284.8 285.5 -0.7 
Nb 285.1 284.9 0.2 
Ni 285.4 284.9 0.5 
Pb [Fresh] 285.6 285.2 0.4 
Pd 285.3 284.2 1.1 
Re 284.5 285.0 -0.5 
Sb [Fresh] 285.0 284.4 0.6 
Si  285.7 284.9 0.8 
Sn  285.2 284.8 0.4 
Ta  284.8 284.6 0.2 
Te  284.8 284.2 0.6 
Ti  285.2 285.3 -0.1 
Tl  [Fresh] 285.4 285.2 0.2 
V   [Fresh] 285.1 285.2 -0.1 
W  285.0 285.1 -0.1 
Y   [Fresh] 286.7 286.7 0.0 
Zn  285.8 284.9 0.9 
Zr  285.9 285.5 0.4 

 
Mean C 1s BE 285.4 eV 284.9 eV Diff Mean  0.39 
Std Deviation  0.55 0.56 Diff Std Dev  0.66 
Std Error 0.092 0.093 Diff Std Err  0.11 
Range 2.2 eV 2.5 eV Diff Range  3.6 
 
    *Based on full data analysis, this BE is potentially due to a carbide species. 

  [Fresh] means the original native oxide was more than 100 Ả thick so the 
sample was scraped clean in the air and then immediately entered for analysis 
by XPS. 

  
 The 2.2 eV and 2.5 eV ranges in the hydrocarbon C 1s BE 
of conductive native oxides and ion etched metals (see Table 
8) are roughly 4 times larger than the 0.6 eV range reported 
for noble metals by Swift50, which, if true, has serious conse-
quences for the use of the C 1s BE as a means of charge refer-
encing certain materials. Testing the grounded  
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Figure 5. Box plot of variance in hydrocarbon C 1s BEs from 
native oxides and ion etched metals. Boxed area represents 
50% of the data points. Solid line in center of boxed area is the 
mean value. The top and bottom of the box mark the  
± 25% limits of the variable population.  
 
native oxide samples by measuring their C 1s BEs while irra-
diating them with a low voltage (2-4 eV) electron flood gun, 
normally used for charge compensation, revealed that the C 1s 
BE either did not change or changed only very slightly (~0.1-
0.2 eV) for the majority of the native oxides; indicating that 
most naturally formed native oxides behave conductively.  
 Exceptions to this observation include the native oxides 
of Al, B, Be, Hf, Mg, Si, Y and Zr. The C 1s BE of the hydro-
carbon moieties on naturally formed, native oxides of these 8 
metals was found to shift by >0.3 eV when the flood gun was 
applied with ≥4 eV. The cause of the increased shift for B and 
Si is readily attributed to their semiconductive nature, but the 
cause for the shift in Al, Be, Hf, Mg, Y and Zr is suspected to 
be the existence of a significant surface dipole moment that 
retards the KE of the C 1s electron as it escapes from the top-
most surface of the sample. The cause of this increase is part 
of an ongoing study to be published at a later date.  
 Kohiki62, 63 has reported that the C 1s BE increases by as 
much as 1 eV as the thickness of a hydrocarbon layer on cer-
tain clean metals and oxides increases from zero to one or 
more monolayers.52-54. These results imply that the uncertainty 
in C 1s BE reported for very thin hydrocarbon moieties can be 
at least 0.5 eV and perhaps as much as 1.0 eV.  
 The various ranges in the hydrocarbon C 1s BE reported 
in this section are large enough that the XPS analyst can easily 
make a wrong assignment of chemical state to a chemical 
group or species that is part of a non-conductive material. 
 The numerical data-banks that exist now most likely suf-
fer from each of these fundamental problems and limitations.  
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Table 9. Numerical variables useful to enhance the peak-fitting 
process and accuracy of chemical state assignments. 
 
• full width at half maximum (FWHM) value of all major 

XPS signals from pure materials 
• relative ratio of Gaussian and Lorentzian (G/L) peak-

shapes from pure materials 
• peak areas and peak area ratios of major XPS signals 
• shift positions of shake-up, plasmon and satellite peaks 
• BE and FWHM of the C 1s signal due to hydrocarbon 

moieties 
• uncorrected raw binding energies of the major signals 
• degree of asymmetry of a peak 
• shape of the electron energy loss region 
• energy spacing between coupled peaks 
• internal energy shifts between O 1s and a metal peak 
• S/N values that define data quality 
 
 In the previous 3 sections, we have discussed 3 funda-
mental problems that most probably exist in all numerical 
data-banks and certain spectral data-banks. 
 
Other Problems in Numerical Data-Banks   
Because the numerical data (BEs) in many numerical data-
banks appear to have significant amounts of uncertainty and 
error, they seem to be data which are difficult to use in a reli-
able manner. For this reason and others, surface scientists, 
XPS analysts and engineers of today probably need a suffi-
cient amount of calibration spectra taken on exactly the same 
day as the spectra measured from the material of interest. 
 For these reasons and the reasons that micro-computers 
and data storage have become relatively inexpensive, it is now 
possible to improve the reliability of chemical state assign-
ments by producing data-banks filled with raw and/or proc-
essed spectra.   
 In addition to the aforementioned problems, existing nu-
merical data-banks were not designed to include or provide 
experimental data or numbers such as FWHM, satellite peaks, 
energy differences, peakshape and other information that are 
readily available from complete, correlated, digital sets of raw 
XPS spectra. A list of variables, not provided by numerical 
data-banks, is presented in Table 9.  
 In the previous section we have discussed some of the 
general and fundamental problems that exist in numerical 
data-banks and which also exist in some of the spectral data-
banks discussed in the next section. 
 The bottom-line is that many numerical data-banks are 
collections of numbers produced under a myriad of different 
analysis conditions with various calibration schemes which 
defeat the desired goal by assembling inconsistent sets of BE 
numbers that suffer from a significant degree of randomness. 
The end result is that most numerical data-banks can only 
serve as rough guides to the determination of a chemical state.  
 Based on this perspective, the user of numerical data-
banks should exercise caution when using BEs measured 
many years ago. The user also needs to recognize that he/she 
may sometimes or often need to personally measure the BEs 

of pure reference materials just to have and use reference BE 
numbers that can properly and/or accurately address a problem 
or answer the questions being asked. 
 
SPECTRAL DATA-BANKS  
 
In this section we address the basic features and problems of 
spectral data-banks that consist of collections of spectra in 
either raw or processed form and stored in either printed (on 
paper) or digital form (ASCII or binary files). Spectra stored 
in a digital file (ASCII or binary) can be analyzed and re-
analyzed at any time and as many times as needed to solve a 
problem, answer a question, improve a product, further de-
velop a process and much more.  Raw spectra stored on a hard 
disk or other magnetic media are an extremely valuable re-
source and warrant great care towards collection and storage.  
 A scientist or engineer can use various spectral data proc-
essing software to process or reprocess a set of correlated spec-
tra to generate new information, gather “missing” data by 
measuring FWHM, try a different peak-fit, measure energy 
differences, adjust energy scales, check for a weak signal not 
noticed before, try different smoothing, study the energy loss 
region, re-check atomic ratios and much more. Most, if not all, 
of the newly generated results can be stored in a digital file 
using modern spectral data processing software. 
 Spectra can also be captured and stored in portable docu-
ment files (PDFs) that can contain either raw or processed 
spectra with or without the components of the peak-fit dis-
played, with or without analysis conditions displayed, and with 
or without chemical state assignments directly labeled next to 
the peaks of the actual spectra.  
 Spectra stored in a PDF format are frozen in time, and 
can not be analyzed by any data processing software.  
 
Brief History of XPS Spectral Data and Data-Banks 
Until roughly 1980, most XPS instruments produced only pa-
per plots of spectra because XPS instruments were not 
equipped with micro-computers. By 1985, most XPS instru-
ments were equipped with either an HP work-station, an Apple 
computer, a PDP-11 or something similar so researchers soon 
found it possible to share their spectra with coworkers. As a 
result, Dr. Seah began developing and published in 1988, the 
VAMAS data transfer format13 designed so instrument makers 
could add the ability to export binary data into a well-defined 
ASCII (text) file with an open-to-the-public file format that 
included essential analysis parameters.  
 Micro-computers were the first tools to allow XPS users 
to save spectra to magnetic media, to allow random access to 
spectra, and to allow users to organize them in some fashion, 
but hard disk memory was very expensive, so data-files were 
normally stored in a binary file format to maximize the use of 
the hard disks.  
 By 1990, personal computers (PCs) had become more 
affordable, more powerful and had larger hard disks; XPS us-
ers began to request ASCII (text) versions of the binary files 
from the instrument makers so they could process their spectra 
using various number crunching software, plotting software or 
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prepare image files to be published in journal publications or 
make computer based visual presentations. The demand for 
ASCII based data-files grew and instrument makers cooperated 
by providing the ability to export files in either an ASCII file 
or the VAMAS file format.  
 In 1984 this author began storing digital XPS spectra 
from the SSI X-Probe systems with the intent to build a digital 
data-bank of monochromatic Al Kα1 XPS spectra to someday 
be supplied in digital form on magnetic media once PCs and 
memory became less expensive. This project was started be-
cause the BE numbers in the 1979 PHI handbook5 were too 
difficult to use to make reliable assignments.  
 In 1987, the author, while in Japan, talked with others in 
the US about building a spectral database system. Subse-
quently, in 1988, members of the AVS started a similar project 
but with the principal aim of publishing a journal of spectra, 
the journal called Surface Science Spectra (SSS).38 
 While in Japan, collaborating with the VAMAS-SCA 
group in 1989, the author promoted the development of an 
XPS and AES spectral data-bank to work with the ComPro 
software being developed by the Japanese National Research 
Institute for Metals (NRIM) and the Surface Analysis Society 
of Japan.34 At that time, Microsoft released Windows 3.1. 
 In 1992, Wiley and Sons, Inc. released a book of spectra 
called:  High Resolution XPS of Organic Polymers – The Sci-
enta ESCA 300 Database.36  
 In 1993, the AVS published their first volume of SSS. In 
the same year, the spectral data-bank supplied with the Com-
Pro system contained 350 non-monochromatic XPS spectra 
supplied by Japanese members, and 300 monochromatic spec-
tra supplied by the author of this review.  
 In 1995, XPS International (XI) began offering SpecMas-
ter37 data-banks with up to 40,000 monochromatic XPS spectra 
together with a spectral data processing software called SDP 
v2.3. At the same time XI also began offering a set of 5 hand-
books of monochromatic XPS spectra measured from various 
common materials (binary oxides, polymers, semiconductors, 
native oxides, elements, REOs etc).  
 In 1996, the AVS began selling PDF copies of the spec-
tral data sets published in SSS and XPS International pub-
lished a 648 page PDF version of the Handbooks of Mono-
chromatic XPS Spectra – The Elements and Native Oxides - 
Volume 1.40  
 In 2000, Wiley and Sons, Inc. published a three (3) vol-
ume set of XPS spectra handbooks: Vol.1: Handbook of Mono-
chromatic XPS Spectra: The Elements and Native Oxides; 
Vol.2: Handbook of Monochromatic XPS Spectra: Polymers 
and Polymers Damaged by X-rays and Vol.3: Handbook of 
Monochromatic XPS Spectra: Semiconductors.41-43 
 In 2004, XPS International released a 5 volume set of 
spectra books44-48 titled “Handbooks of Monochromatic XPS 
Spectra” and a 960 page PDF version49 of Volume 2: “Hand-
books of Monochromatic XPS Spectra – Commercially Pure 
Binary Oxides” containing binary oxides,  REOs, hydroxides 
and carbonates. 
 In 2007, memory is cheap, and data processing speed is 
still growing. There are two major sources of XPS spectra 

(AVS and XPS International LLC), and three independent 
sources of spectral data processing software (CasaXPS, SASJ 
and XPS International LLC). 
 
General Features of Spectral Data-Banks  
Spectra in a data-bank can be organized as “sets of correlated 
spectra” (SCS) from a given material, or as individual spectra 
with no connection to the other spectra originally measured at 
the same time from the same material (Table 10). 
 Spectral data-banks can be the result of:  (A) a single 
person using the same instrument, same calibration energies, 
same charge control methods, same angles, sample prep meth-
ods and a single X-ray source or (B) a large unorganized group 
of many contributors using different XPS instruments, differ-
ent calibration energies, different charge control methods and 
different X-ray sources. 
 A set of correlated spectra is a set of spectra obtained 
from a single material from a single experimental run using: 
(A) the same pass energy for each high energy resolution 
spectrum, (B) same charge compensation conditions, (C) same 
electron take-off-angle, (D) same beam intensity and (E) same 
beam size. Sets of correlated spectra are normally stored to-
gether in a single file, but can be separated into disassociated 
files. 
 
General Problems in Spectral Data-Banks 
Spectra in a spectral data-bank can have the same problems 
that exist in various numerical data-banks. This occurs when-
ever a spectral data-bank is assembled in the same manner as a 
numerical data-bank filled with myriad spectra originally pro-
duced by many different authors using: (a) many different 
calibration energies, (b) various charge referencing energies, 
(c) many different analysis conditions and (d) different in-
struments yields an inconsistent set of data. The problem of 
inconsistency exists in all forms of the spectra:  printed, PDF 
and digital.  
 The printed form of a spectrum in a journal or XPS book 
can be manually overlaid with a spectrum from a target mate-
rial by placing both on top of a light-box. If the two printed 
spectra were collected and plotted under nearly identical con-
ditions, then the overlay comparison of two printed spectra is 
useful and valid. However, identical styles of data collection 
and plotting, between different research groups, are not com-
mon because there are currently no standardized conditions for 
collecting or plotting spectral data for shared use. Therefore, 
the printed form of a spectrum can be very difficult to use to 
determine the relative amount of or the absence of a minor or 
a major chemical state in a target material.  
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Table 10.  Methods of organization in spectral data-banks. 
 

(a)  material types or classes (chemical states)  
 e.g. alloys, binary oxides, ceramics, elements, 

 hydroxides, native oxides, polymers, rare earth 
 oxides, semiconductors, sulfides  

(b) analysis methods  
 e.g. depth profiles, line profiles, maps, images,  

angle resolve 
(c)  practical studies and treatments 
 e.g. damage studies, time studies, charge control 

studies, gas capture studies, reconstruction studies 
(d) elemental components 
 eg   Ag, Al, Au etc. 

 
               Spectra can be accessed through: 

(1)  organized directories  
  based on material class, analysis method or practical 

study, or  
(2)  a Periodic Table interface 
  based on a single element in the material of interest 

 
 With only paper copies of the target spectral data and a 
reference spectrum, it is difficult or impossible to perform 
various analyses to derive new information from the printed 
copies. This problem is revealed by reviewing the data proc-
esses, listed in Table 11, that are now routine for modern sys-
tems and their spectral data processing software.  
 If, however, a printed spectrum was digitized into a com-
puter readable ASCII or binary file then it is possible to proc-
ess the printed form after its conversion. The conversion proc-
ess requires an optical image scanner and digitizing software. 
One such software, called “Un-Scan-It” is available from Silk 
Scientific, Inc.64 This software converts a continuous line of 
data points from a scanned image into a series of digital data 
points to be saved as an ASCII or HPGL file. 
 In today’s world the computer readable form of spectral 
data is much more useful because it can be analyzed, proc-
essed and interconverted in different ways by an array of 
software routines. The digital form of spectra initially contains 
XPS data in its original raw state just as it was produced by 
the XPS instrument. Original raw data naturally suffer from 
various levels of systematic errors and random errors, since 
such errors are often accidentally caused by humans and 
sometimes instruments with a headache. Some errors can be 
compensated for if the spectral data are stored in digital form, 
but it’s not easy to do for paper copies of spectra. 
 Currently, the paper form of spectral and numerical data 
seems to be easier to browse than their digital versions, but as 
the number of BEs and spectra grow, the digital form will 
most likely become easier to browse and be more useful.   
 General features and problems with spectral data-banks 
were discussed in this section. In the “Reviews” section, we 
address the features and problems of the data-banks listed in 
Table 3. 

Table 11. Data analyses not possible on printed spectra. 
 
• add or subtract spectra from target and reference  

materials 
• normalize the electron counts in the spectra from  

the target and reference materials 
• reduce the noise level to reveal hidden features 
• fit signals to the data envelop to resolve the presence  

or absence of signals  
• verify that energy scale shifts were performed  

correctly for insulating materials 
• correct the BE scale of the spectra from the  
 target and reference materials  
 
NUMERICAL VS. SPECTRAL DATA-BANKS 
 
When working with actual spectra, an experienced set of eyes 
can usually notice significant problems in the data, notice 
whether data processing has or has not been done and we can 
readily measure or derive new information by processing the 
spectra, but tables of BE numbers are a different matter.  They 
require a different strategy to reveal which number of a set of 
nearly identical numbers is correct or most likely, such as a 
histogram, a weighted mean, standard deviation etc. 
 Table 12 lists some of the features, data and information 
that are readily visible or available by working with or analyz-
ing spectra in either printed or digital form.  
 Table 13 lists some of the features and data that are often 
not provided in either numerical or spectral data-banks. The 
presence of this information could be very beneficial to all 
users. 
 
CRITIQUES OF INDIVIDUAL DATA-BANKS  
 
The objective of this section is to provide a synopsis of each 
of the numerical and spectral data-banks currently available to 
the public and in use by XPS analysts, scientists and engineers 
in their efforts to make chemical state assignments reliable and 
useful as possible. Each data-bank is presented in the chrono-
logical order of its date of publication.  
 In the following sections, there are two sub-sections. The 
first sub-section summarizes the merits of the contents and 
structure of each data-bank, while the second summarizes the 
problems in each data-bank and some features that could have 
been included in each particular data-bank. 
 
REVIEWS 
 
PHI:  Handbook of XPS (1979) Ref.5   
Contents and Structure 
This data-bank includes spectra and numerical data tables that 
contain high energy resolution electron BE number from many 
kinds of materials. This handbook is a combination of spectral 
and numerical data-banks. 
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Table 12. Features, data and information visible or estimated 
by inspecting raw or processed spectra, but not from  
current day numerical data-banks. 
 

Argon implant from etching 
BEs of all peaks 
Charge induced broadening  
Charge induced shifting  
Deconvolution applied or not  
Degradation  
Detection limit 
Differential charging  
Energy differences  
Energy loss bandshape  
Energy resolution 
Internal energy shifts between different elements  
Number of chemical states  
Peak area ratios  
Peak asymmetry  
Peaks from contamination  
Peakshapes  
Peakwidths (FWHM) 
Processing applied or not  
Sample purity  
Shake-up bandshape  
Signal overlaps 
Signal to noise ratio 
Smoothing applied or not 
Source satellites  
Spin-orbit couplings  
Transmission function problems  
Type of X-ray source used  
Unexpected chemical states  
Valence band structure 

 
 In 1979, the Physical Electronics (PHI) Corporation re-
leased this edition of the Handbook of XPS.5 It has been cited 
in hundreds if not thousands of publications. Until 1989, it 
was the single best source of high energy resolution electron 
BE numbers for more than 1500 different materials. To con-
struct the high energy resolution BE number tables (Fig. 6) Dr. 
Wagner evaluated the BE numbers published in thousands of 
different scientific papers published by hundreds of different 
scientists. The original publications cited in this data-bank 
were published between the years 1967 and 1978.  In this 
1979 edition, the reference energy values for Au 4f7/2, Cu 
3p3/2, Cu 2p3/2 and adventitious hydrocarbon C 1ssignals were 
reported to occur at 83.8 eV, 74.9 eV, 932.4 eV, and 284.6 
eV, respectively. The energies of the non-mono-chromatic Mg 
Kα1,2 and non-monochromatic Al Kα1,2 X-ray sources were 
reported to be 1253.6 eV and 1486.6 eV, respectively.  
 The authors of the 1979 PHI Handbook of XPS suggested 
that the reference energy values might need to be increased by 
as much as 0.2 eV sometime in the future.  

Table 13. Features and data often not provided in either  
numerical or spectral data-banks. 
 

Calibration spectra 
Calibration drift chart  
Close-up photo of sample surface 
Color of sample 
Date of last calibration check  
Date of last calibration correction  
Date spectra collected  
Degree of degradation 
Distance between anode and sample surface 
Energy scaling check 
Pass energy as a function of BE 
Pass energy as a function of FWHM 
Photograph of whole sample as mounted 
Reference FWHM at same pass energy 
Repeat check of C 1s or O 1s to check damage  
Repeat check of C 1s or O 1s to check charge drift 
Temperature of sample during analysis 

 
  To help the users to understand the expected uncertain-
ties, the authors used error bars that are 0.2 eV in width (+0.1 
eV) for each BE entry in the high energy resolution electron 
BE number tables (see Fig.6). Scattered throughout the first 30 
pages the reader can find most of the experimental parameters 
needed to understand the reliability and quality of the spectral 
data obtained from the well cleaned surfaces of many conduc-
tive elements, a few binary inorganic compounds and a few 
organic polymers provided in this handbook. The spectral data 
produced by the authors represent a self-consistent set of spec-
tra which enhances the reliability of chemical state assign-
ments made by using those spectra. 
 In this handbook, there are approximately 210 different 
spectra including survey spectra, high energy resolution spec-
tra and, in some cases, Auger band spectra from the 46 pure 
chemical elements, 21 binary oxides, 4 binary halides, 1 poly-
mer and 6 chemical compounds. Data tables and example 
spectra for each element are presented in the order of the 
atomic number of the element (from Z=3 to 92). Most spectra 
were obtained using a non-monochromatic Magnesium Kα1,2 
X-ray source which has an ultimate FWHM of approximately 
0.7 eV. This X-ray source produces several X-ray satellite 
signals that are readily observed in all survey spectra. A few 
spectra, measured by using a non-monochromatic Aluminum 
Kα1,2 X-ray source, reveal Auger signals otherwise hidden by 
overlaps with XPS signals.  
 The authors estimated that the instrumental contribution 
to the natural line width (FWHM) of each high energy reso-
lution signal was 0.5 eV, and that the instrumental contribu-
tion to the line width should be roughly 1.0 eV for the survey 
spectra.  
 Most of the survey spectra were shown with 1,000 eV 
wide energy ranges, while most of the high energy resolution 
electron spectra were shown with 20 eV energy ranges. All of 
the major XPS and major AES signals are clearly labeled on 
each survey spectrum. The high energy resolution electron 
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spectra for each element include a chemical formula of the 
material analyzed, usually the pure element, together with a 
binding energy value and a spin-orbit label placed near the top 
of the most intense data point, the peak BE maximum. The BE 
value listed on each high energy resolution spectrum uses one 
decimal figure, but a few cases include two decimal figures.  
 When there were a pair of spin-orbit coupled signals 
within the 20 eV wide spectrum, the difference in energy be-
tween the two spin-orbit coupled signals is listed. When Auger 
signals were visible on the survey spectrum, the authors in-
cluded a high energy resolution spectrum of the major Auger 
signals highlighted as gray colored boxes on the survey spec-
tra.  
 This tables in the appendix of this handbook contains 
2,000 high energy resolution electron BE numbers, and ap-
proximately 250 Auger KE numbers from more than 1,500 
materials. Nearly every XPS BE and Auger KE numbers in 
this handbook was extracted from approximately 200 different 
journal publications. The original source of the BE or Auger 
KE numbers can be found by referring to the initials listed at 
the end of the same line as the BE. Many of the BE number 
tables contain 2 or 3 and sometimes more multiple entries for 
a particular chemical state or species. The range in BE for 
these multiple entries varied from 0.0 eV to 0.8 eV for con-
ductive elements and from 0.0 eV to >1.0 eV for insulators. 
  For those elements that produce Auger signals there are 
data tables of Auger parameters to help the analyst make more 
reliable chemical state assignments.  
 In the appendices there are BE tables that report the line 
positions of the major XPS signals for each of the elements. 
There is also a table of atomic sensitivity factors (ASFs) that 
range from 0.012 to 30.0. The ASF values are normalized to 
the F 1s peak with an ASF of 1.0. 
 To view sample pages of this spectral-numerical data-
bank (handbook) please refer to Fig. 6.  
 
Problems and Features Missing - PHI Handbook of XPS  
One problem with this handbook is the absence of a report of 
random or systematic errors. There is no report of the uncer-
tainties of measurements associated with the BEs reported in 
any of the high energy resolution electron BE number tables. 
The authors do report that line positions (BEs) are presented 
as bars 0.2 eV wide, and add that the error may be somewhat 
larger with insulating materials. The authors did not specifi-
cally identify these 0.2 eV bars as error bars or uncertainties of 
measurement, and thus it is difficult for the user to understand 
the significance of these 0.2 eV wide line position bars, espe-
cially after they report that the bars might be larger for insulat-
ing materials, which are the major type of material analyzed 
by  

 
 

 
 

 
 

 
Figure 6. Sample pages from the PHI “Handbook of XPS” 
(1979). Ref.5  
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XPS. Line position bars for BE signals are not a valid report 
of uncertainty. Even so, this 1979 handbook indicates that the 
uncertainty in the measured BEs and the referenced BEs for 
conductive materials is +0.1 eV by showing line position error 
bars 0.2 eV wide. 
 Information about the quality and reliability of the re-
ported BEs is missing. That is, there are no reports on trace-
ability, reproducibility, repeatability, statistical analysis re-
sults, signal/noise ratios, signal/background ratios, degree of 
charging, or peak-fitting methods for any of the BEs. If in-
cluded, such information would have greatly improved the 
intended purpose of the data tables in this XPS data-bank. 
 The spectral data measured by the authors of this hand-
book are a mixture of practical and research grade qualities. 
Because the authors made an effort to maintain proper calibra-
tion of the energy scales the data derived from those spectra 
are reliable.  
  Many of the survey spectra contain a relatively large 
amount of noise making it difficult to observe small signals, 
but the high energy resolution spectra have very little noise. 
The noise in the survey spectra is possibly due to the lack of 
sufficient total counting time. The electron counts scale of all 
spectra were deliberately removed.  
 Several valuable peakshape parameters, i.e. FWHM, de-
gree of asymmetry, ratio of Gaussian: Lorentzian curves 
needed to fit the individual XPS signals and peak area ratios 
of spin-orbit coupled signals, are missing. If these missing 
parameters had been included with the number of scans and 
the actual count rate, then the user would have had excellent 
tool to help collect and analyze raw spectral data.  
 There are no lists of BEs for the energy loss signals (e.g. 
bulk and surface plasmons) that occur after all major XPS 
signals in each of the survey spectra. 
 There are no valence band spectra, which can be valuable 
for theoretical studies and allow cross-checks of the energy 
scale calibrations.  
 There are no tables of BEs for C 1s and O 1s signals even 
though they are visible in nearly all of the survey spectra.  
 This book includes data from only non-monochromatic 
sources which limits the quality of the spectral data and in 
some cases may have caused degradation of the oxide or 
polymer samples during the time the spectra were produced. 
The low resolution of the X-ray source has most probably 
hidden most of the damage effects if indeed any occurred.  
 The actual FWHMs of the high energy resolution XPS 
signals for the pure elements were not reported, but can be 
measured by hand from each spectrum, and were found to 
range from 1.1 eV to 1.5 eV for those signals that did not have 
a spin-orbit doublet nearby. The high energy resolution 
FWHM for the Ag 3d5/2 signal measured with a 25 eV pass 
energy was 1.1 eV. The FWHM for several insulators ranged 
from 1.7 eV to 3.0 eV with a typical FWHM of approximately 
1.9-2.0 eV. This range of FWHM directly limits the user’s 
ability to resolve the presence or absence of minor species and 
overlapping signals. 

Table 14. Statistical analysis of the differences in BEs  
between pure metals listed in the 1979 and 1992 PHI  
handbooks. Ref.5, 6 

 
  Number of Data Points   38  
  Standard Deviation 0.153 
  Median 0.152 
  Mean 0.145  
  Standard Error 0.0249 
  Variance 0.0235 
  RMS 0.209 
  Skewness -1.99 
   Kurtosis   8.11  
 
 The uncertainties and errors for the energy scale reference 
energies were not specified.  
 The number of significant figures used for the BEs is ran-
dom. The authors normally use 4 significant figures, but some-
times use 3 and 5 significant figures (e.g., 55.5 eV for the Li 
1s signal of LiF, and 511.95 eV for the V 2p3/2 signal of pure 
vanadium (V) metal). Based on the fact that the reference en-
ergy for the Cu 2p3/2 was reported as 932.4 eV, it would have 
been appropriate to use four significant figures consistently. A 
similar problem with significant figures exists in the atomic 
sensitivity factor table in the appendix.  
 There are no uncertainties reported for the line positions 
(BEs) listed in appendices.  
 By comparing the BEs for pure conductive elements pub-
lished in the new (1992) and old (1979) versions of this hand-
book of XPS by PHI, various differences in BEs, especially in 
the high BE range, were noted. This is due, in part, to the use 
of new reference energies in the 1992 edition. This change in 
reference energies is a potential problem for new analysts be-
cause many new publications are using the new reference en-
ergies but many older scientists may still be using the old ref-
erence energies. The problem can be corrected by rescaling 
either set of data because they have provided sufficient cali-
bration data.  
 After correcting for differences in the BE scales and the 
reference energies used in the 1979 and 1992 handbook edi-
tions, a statistical analysis done on the BEs of only the con-
ductive element gave the results shown in Table 14. 
 Despite the various problems and missing features of this 
1979 edition, the original 1979 handbook has proved to be 
very valuable and very useful to many scientists and engineers 
throughout the world. The authors are commended for their 
efforts to provide the surface analysis community with a use-
ful data-bank. 
  
NIST:  SRD-20 XPS Database - Version 1.0 (1989)2   
Contents and Structure  
This database is a dedicated numerical data-bank that contains 
high energy resolution electron BE numbers from many kinds 
of materials. There are no spectra in this data-bank. This ver-
sion was sold as a standalone PC based software. 
 In 1989, the US National Institute of Standards and Tech-
nology (NIST) released this version of their NIST X-ray Pho-
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toelectron Database, (SRD 20) which contains more than 
13,000 numbers (i.e. BEs, KEs, Auger parameters, chemical 
shifts and splittings) and their associated chemical state as-
signments, which are based on the work and assignments pub-
lished by hundreds of workers between 1958 and 1985. The 
BEs were presumably obtained from high energy resolution 
electron energy studies of the primary XPS signals. 
 This numerical data-bank is the result of a collaboration 
between Charles D. Wagner, Ph.D. (Surfex Co., Ltd.) and 
NIST. It is reported that Dr. Wagner selected the BEs from 
many thousands of publications after determining the reliabil-
ity of the energy scale and the charge referencing techniques 
used by the original authors.  
 Published BE numbers were not included unless the origi-
nal work included at least one of four preferred reference en-
ergy signals, i.e., Au 4f7/2, Ag 3d5/2, Cu 2p3/2, and adventitious 
hydrocarbon C 1s signals which were defined by Dr. Wagner 
to appear at 84.0 eV, 368.2 eV, 932.6 eV, and 284.8 eV, re-
spectively. If only one such reference signal was published, 
then he corrected all observed BEs by using the single refer-
ence energy. If additional reference energies were provided in 
the original publication, he would, if necessary, “re-scale” the 
BEs based on the reported separation in reference energies 
(SRE) values.  
 
Each data-file in the database includes, if available: 
 
• the name and formula of the compound or element, 

atomic number 
• a BE value, a KE value, the difference between BEs, 

or the difference between KEs 
• experimental details on calibration, physical state, 

treatments, charge referencing 
• compound structure, compound type (e.g., carbide) or 

empirical formula 
• statement about energy corrections, rescaling, data 

quality 
• materials used for energy referencing (e.g. pure Pd°, 

Cu°, Au° etc.) 
• method used to charge reference insulating materials 
• a complete listing of original reference and authors 
 
 The database was available in formats that could be 
loaded onto personal computers running Microsoft, Unix or 
Apple operating systems. It features more than 15 different 
ways to search the available data-files.  
 A typical search of the database on a modern computer 
system requires only a second. The number of line results that 
can be displayed was 999. Each line includes a Result No., the 
Energy, Element abbreviation, Line Designation, the Com-
pound’s empirical formula or its common name and an abbre-
viation that reports the physical state of the compound.  

A search for a specific common chemical compound (e.g., 
Al2O3 or CaO) returns a list of one (1) to fifteen (15) data sets 
as shown in Fig. 7A. The full data-file for any data set can be 
viewed by selecting the result number for that data set. De-

pending on the search routine the data sets are organized nu-
merically or alphabetically. 
 The database software can perform searches for one or 
more variables and one or more elements. Searches for energy 
values include various tolerances in the energy ranges to be 
found. The six (6) main categories for searching are listed in 
Table 15. 
 One of the useful features of the database is its ability to 
search by material type or chemical class, e.g. Polymer, Car-
bide, Alloy, Sulfide, Sulfate, Oxide, Element, Carbonate, Ni-
trate, Nitrite, Silicate etc.  
 The total number of BEs from primary XPS signals for 
most of the metallic elements ranged from 10-70. There are 15 
elements (i.e., C, N, O, F, Si, P, S, Cl, Cr, Fe, Ni, Cu, Mo, Rh, 
Pd, Sn, and Pt) that have more than 120 BEs from primary 
XPS signals. Of those 15 elements, several (i.e., O, N, P, S, 
Cl, Ni, and Rh) have more than 200 BEs for their primary 
XPS signals. The elements with more than 400 BEs are C, O, 
P, and S. Oxygen has the most data with more than 1,000 BE 
values. 
 This data-bank is useful because it contains many BEs 
that were selected and evaluated by the same person, Dr. 
Wagner. The number of BEs from primary XPS signals totals 
more than 8,000. The remaining 5,000 numbers are Auger 
KEs, Auger parameters, spin-orbit splittings and chemical 
shifts. There are also BEs for the rare earths. 
 To view sample pages of this dedicated numerical data-
bank (database) please refer to Figures 7A-B. 
 
Problems and Features Missing - NIST XPS Database 
This data-bank is the result of a large unorganized group of 
many contributors using different XPS instruments, different 
calibration energies, different charge control methods and dif-
ferent X-ray sources to produce spectra. As a result, this nu-
merical data-bank represents an inconsistent set. Most of the 
problems and limitations of a numerical data-bank discussed 
earlier in this review are directly applicable to this numerical 
data-bank. In addition to those problems we will describe 
other problems that are specific to this data-bank. Because 
the original publication authors did not report sufficient detail 
about energy scale calibration, Dr. Wagner's method of re-
scaling was frequently limited to a single calibration energy.  
 There is no information as to whether or not the reference 
energies were verified by the original authors on the same day 
that the material of interest was measured. This infers that Dr. 
Wagner's efforts to make a common energy scale were limited 
by the quality, accuracy and content of the original publica-
tions that he reviewed.   
 Relative degrees of uncertainties and errors in the original 
BE numbers were not specified anywhere in this numerical 
data-bank or the handbook that accompanied it.  
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 Table 15. Search menu for PC version of NIST SRD-20.  
 

Identify: 
  1. One unknown spectral feature 
 2. A set of unknown spectral features 
Search and Display for an Element: 
 3. Binding energy data 
 4. Auger kinetic energy data 
 5. Chemical shifts 
Browse: 

 6. Individual data fields 
 
 The number of significant figures used in the database 
varied from two (2) to five (5). An empirical chemical formula 
system used by Dr. Wagner, which should be familiar to 
chemists, was used instead of the internationally recognized 
chemical abbreviation system adopted by the International 
Union of Pure and Applied Chemistry (IUPAC). 
 Various uncommon mineral names were used, without 
empirical formula, which makes it difficult for some users 
because he/she may not have access to a book that reveals the 
empirical formula or the structure of the chemical groups con-
tained in the mineral. Common chemical names (quartz), and 
trade names (e.g., Cab-O-Sil), which may be helpful to spe-
cialists, were used randomly. 
 There are no statistical analyses, reproducibility checks, 
repeatability checks or histograms for the sets of BEs obtained 
from identical chemical compounds. For a set of 3 or more BE 
numbers from identical compounds it is possible to generate 
several statistically meaningful numbers, including the mean 
value that would help the database user to decide the best or 
most reliable number (BE or KE) to use for assigning a chemi-
cal state to a peak in a high energy resolution spectrum, but 
histograms and weighted means are not provided.  
 This database was constructed in conjunction with the US 
government National Institute for Science and Technology, 
but the data and data handling are not the type of high quality 
expected from a national body responsible for developing 
documentary and material standards (e.g., standard reference 
materials). The precision and accuracy of the reported values 
needs review and improvement. 
  The quality of the data in the entire data-bank became 
clear after calculating the mean BE values of all available BEs 
for the 59 pure chemical elements listed in the NIST SRD-20 
v3.4 XPS database and comparing those mean BE values to 
the list of preferred BEs in an article published by Dr. Powell 
at NIST.65 (see Figures 2-4, 22) 
 From that comparison (Fig. 22) it is clear that nearly all of 
the preferred BEs were taken from one particular source (Dr. 
Martensson, Uppsala University in Sweden) not the NIST 
database itself, and that the remaining preferred BEs were 
taken from a NIST document written by Dr. Wagner titled: 
The NIST X-ray Photoelectron Spectroscopy Database, NIST 
Technical Note Number 1289. US Department of Commerce, 
Gaithersburg, MD (1991).  

Fig. 7A 

 
Fig. 7B 

 
Fig. 7C 

 
Fig. 7D 

 
 
Figure 7. (A-B) Sample pages from the PC based version of 
NIST SRD-20 XPS database (1989), Ref.2; (C-D) Sample 
pages from “Practical Surface Analysis” (1983, 1990). Ref.7, 8 
 A statistical analysis of the BE differences between the 
mean BEs in the database and the preferred BEs gave a stan-
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dard deviation of 0.3872, a variance of 0.1499, and a standard 
error of 0.0504 (see Fig. 22 for details). 
 Despite the various problems and features missing from 
this data-bank, it is useful as a guide for making chemical state 
assignments. If statistical analyses or histogram plots that in-
dicate which BE is “most” accurate or most likely, were in-
cluded then the reliability or usefulness of the BEs in this data-
bank would be clear. 
 
Wiley: Practical Surface Analysis – 1st and 2nd  
Editions (1983 and 1990)7, 8   
Contents and Structure  
This data-bank is a dedicated numerical data-bank that con-
tains high energy resolution electron BE numbers from inor-
ganic materials. There are no spectra in this data-bank. 
 In 1983, Dr. Wagner (Surfex Co., Ltd.) published the 
original version of this appendix in the first edition of Practi-
cal Surface Analysis.7 As mentioned before, Dr. Wagner is 
responsible for most of the excellent work done to assemble 
the numerical BE data tables in the NIST SRD-20 XPS Data-
base and both versions of the PHI Handbook of XPS. 
 The BEs in this series of data tables (Fig. 7C) were ex-
tracted from 295 different publications published between 
1967 and 1985. Those BEs were evaluated and assembled into 
useful data tables by Dr. Wagner. In this numerical data-bank , 
the reference energies for Au 4f7/2, Ag 3d5/2, Cu 2p3/2 and ad-
ventitious hydrocarbon C 1s signals were assumed to occur at 
84.00 eV, 368.20 eV, 932.60 eV and 284.8 eV, resp. 
 The “permissible error” for the BEs in this data-bank is 
listed as ≤0.5 eV. From the text of this work it seems that the 
permissible uncertainty could be ≤ ±0.5 eV (e.g. SiO2 is re-
ported to have a BE of 103.4 eV ±0.5 eV averaged from 12 
different publication results), but the text does not clearly state 
whether the permissible error for all BE values is or is not ≤ 
±0.5 eV. 
 The 1990 (2nd ed.) version of the data-bank contains 1086 
lines of numbers that include BEs, KEs and Auger parameters. 
The overall sequence of presentation is based on the atomic 
number of each chemical element as illustrated by Fig. 7D. 
There are 5-10 chemical compounds listed under each ele-
ment, and there are BEs for nearly every non-radioactive ele-
ment. For a particular element, the row sequence starts with 
the pure element, followed by the other compounds with no 
particular ordering. About half of the 1086 lines of data report 
a value under the column called “values in chemical state”. 
The number for this entry ranges from 1 to 26, but averages 
around 2-3..  
 The “values in chemical state” number is the total number 
of BEs extracted from journal publications and used to deter-
mine the “median” BE assigned to that particular chemical 
compound. This number might serve as a rough guide to the 
reliability of the BE. The columns for each data line include: 
an empirical formula (based on common chemical names and 
abbreviations), the “values in chemical state,” the values in 
error, an XPS BE, an Auger KE if available, an Auger pa-
rameter if available, a secondary XPS BE if available, a modi-

fied Auger parameter if available, and then an abbreviation 
refering to the original journal publication.  
 Certain BEs for the pure elements are underlined, indicat-
ing that the BE is the result of careful calibration work by Dr. 
Martensson67-70 or other researchers at Uppsala University in 
Sweden. This data-bank is most useful to scientists who need 
BEs for inorganic materials. 
 To view sample pages of this dedicated numerical data-
bank  (book appendix) please refer to Figures 7C-D. 
 
Problems and Features Missing - Practical Surface Analysis – 
1st and 2nd editions 
Most of the problems and limitations of a simple one dimen-
sional numerical data-bank were fully discussed earlier in this 
review, and are directly applicable to this numerical data-
bank. This means the BEs are an inconsistent set of values and 
that the user does not have access to useful peak-shape (sig-
nal) parameters such as:  FWHM, ratio of Gaussian: Lor-
entzian curve shapes, degree of asymmetry, or the shape of 
underlying background.7  
 In addition to those problems we describe other problems 
which are specific to this numerical data-bank.  
 BEs for organic materials were deliberately excluded with 
no explanation. This severely limits the usefulness of the data-
bank to at least two major groups of potential users, i.e., scien-
tists who study polymers and catalysts.  
 The logic for choosing a permissible error range of +0.5 
eV is not explained and is therefore difficult to accept as being 
meaningful because there are no statistical values known as 
“permissible error”.8   
 It is not clear if the author listed median or mean values 
for the BE associated with each chemical compound. As a 
result, the user is left wondering about the uncertainties and 
accuracy of the data summarized in this data-bank.  
 The author has used a second decimal place for each of 
the defined reference energies which appears as a zero (0) 
value, but has not explained the reasoning for the use of a zero 
decimal place which from a statistical point of view has no 
significance.  
 Despite the author’s intention to make the “... line energy 
data in as self-consistent a manner as possible.” it is, in fact, 
very difficult to generate a self-consistent set of data from data 
generated by many different users using many different energy 
referencing methods and many different instruments. 
 A good number of mineral names were used without cor-
responding empirical formulae which makes it difficult for 
users to take advantage of the BE information because he/she 
may not have access to a book that reveals the empirical for-
mula or the structure of the mineral. 
  Because the editor of this data-bank was more severe in 
the admittance of BEs, this appendix should be more reliable 
than the NIST SRD-20 XPS Database.  
 Instead of excluding binding energies from organic mate-
rials, they could have been presented in a separate data-bank if 
the BEs from organic materials are less certain. 
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SASJ:  ComPro v8 and SASJ Data-Bank System 
http://www.sasj.gr.jp/   (1990 to 2004)34   
Contents and Structure 
The Common Data Processing (ComPro) software is designed 
to process spectral data taken by any modern XPS or AES 
instruments after the binary version of the spectra are con-
verted into the VAMAS (ASCII) transfer file format, now 
known as the ISO 14975 file format released in 2000.   
 The software and the spectral data-banks are currently 
distributed free of charge by the Surface Analysis Society of 
Japan (SASJ) and can be downloaded by accessing the SASJ 
website at:  www.sasj.gr.jp. Because this review focuses on 
the contents and structure of data-banks, there is no further 
discussion of the ComPro software. 
 The majority of the spectra in this spectral data-bank are 
from pure elements but none of the current spectra are meant 
to be permanent entries in the databank because most of the 
spectra have not been collected by using SASJ protocols. 
 The standard way to access individual spectra from the 
spectral data-bank is by using the periodic table interface pro-
vided by the ComPro software.  
 In 1990 more than 100 Japanese researchers began col-
lecting spectra and developing standard protocols designed to 
produce reference grade spectra thus maximizing the reliabil-
ity and usefulness of the spectra. In 1994, the Japanese gov-
ernment Science and Technology Agency (STA) agreed to 
provide extensive funding for a five year period to develop the 
data-bank into a more useful, large scale spectral data-bank. 
At this time, in 2007, the spectral data-bank system includes 
950 XPS spectra from various pure elements, binary oxides, 
polymers and semiconductors materials supplied by several 
large Japanese corporations. 
 To view samples of the spectra and information provided 
by this spectral data-bank (database) please refer to Fig. 8. 
 
Problems and Features Missing – SASJ Data-Bank   
This spectral data-bank is the result of a large unorganized 
group of many contributors using different XPS instruments, 
different calibration energies, different charge control methods 
and different X-ray sources to produce spectra. As a result, 
this spectral data-bank represents an inconsistent set and has 
the same problems that exist in various numerical data-banks 
that form inconsistent assemblies of numbers.   
 The “Reference” spectra are a collection of test spectra 
data that were reported to be temporary in 1997. Most of the 
spectra were obtained using a non-monochromatic Mg Kα1,2  
X-ray source. It is now 10 years after these temporary spectra 
were originally added to the data-bank, and it is difficult to 
discuss the problems of a temporary set of spectra. The stan-
dard way to access the spectral data-bank is via the ComPro 
software which displays only one spectrum at a time.  
 

 
 

 
 

 
 

 
 
Figure 8. Sample pages for the SASJ data-bank using  
ComPro v8 (1990-2004). Ref.34
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 Complete sets of correlated sets can not be displayed be-
cause the original data sets have been dissected into individual 
spectra based on the name of the element and signal of inter-
est.   
 
JEOL:  Handbook of XPS (1991)9   
Contents and Structure 
This handbook includes both spectral and numerical data-
banks that provide high energy resolution electron BEs from a 
wide variety of materials.  
 In 1991, the Japan Electron Optics Laboratory (JEOL) 
Co., Ltd. produced this XPS handbook which includes spectra 
obtained by using a non-monochromatic Magnesium Kα1,2 X-
ray source and a non-monochromatic Aluminum Kα1,2 X-ray 
source. Reference energy values for the Au 4f7/2, Ag 3d5/2, Cu 
2p3/2 and adventitious hydrocarbon C 1s signals are reported 
as 83.8 eV, 368.2 eV, 932.8 eV, and 285.0 eV, respectively. 
There are approximately 330 different spectra composed of 
survey spectra, high energy resolution spectra, valence band 
and/or Auger band spectra from 33 pure chemical elements.  
Included in that set are 11 binary halides, 7 binary oxides, 17 
polymers and 9 other chemical compounds. Spectra obtained 
from various polymers and a few forms of carbon are pre-
sented in section #5.  
 Many of these spectra include actual peak-fit results and 
peak assignments that may be helpful to process spectra ob-
tained with a non-monochromatic X-ray source. 
 The analysis conditions used to collect the spectral data 
are partially defined on page 21 of the handbook. The pass 
energy was set to 10 eV for the high energy resolution elec-
tron energy scans which produces a 0.9 eV FWHM for the Ag 
3d5/2 signal. The pass energy for the survey spectra was set to 
50 eV. A step size of 0.1 eV/channel and a step size of 1.0 
eV/channel were used for the high energy resolution spectra 
and the survey spectra, respectively. Valence band spectra 
were included by scanning from -4 eV to + 20 eV with a 30 
eV pass energy and a 0.1 eV/channel step size.  
 The BEs derived from the spectra acquired by JEOL rep-
resent a self-consistent set of BE values that have been inter-
compared with three other self-consistent sets of BEs from 
pure elements to determine reliable secondary reference ener-
gies for a large series of pure elements.65   
 Relative sensitivity factors (RSFs) are in a chart in Ap-
pendix 5 of the handbook. All RSFs, determined from peak 
areas, are normalized to the Ag 3d5/2 peak area (RSF = 1.0).  
 This handbook includes a self-education section on prac-
tical methods for sample preparation, data collection and data 
interpretation.  
 In the appendices there are several tables or charts of use-
ful information that list pure element electron binding ener-
gies, calculated atomic photoionization cross-sections,  

 
 

 
 

 
 

Figure 9. Sample pages from the JEOL “Handbook of X-ray 
Photoelectron Spectroscopy” (1991). Ref.9 
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calculated asymmetry parameters, calculated electron inelastic 
mean free path, calculated number of valence electrons, band-
gap energies of nonconductors and semiconductors, relative 
sensitivity factors, ion beam etch and sputtering rates, a table 
of FWHM values measured from high energy resolution spec-
tra of the main XPS signals produced by various elements, 
tables extensive tables of BEs and chemical shifts from >700 
different chemical compounds. 
 The BE numbers reported in an appendix in this hand-
book came from 700 different chemical compounds and 70 
elements.  
 Nearly all of the BE numbers were extracted, with per-
mission, from the NIST SRD-20 XPS Database4 and the book 
Practical Surface Analysis.7,8 Appendix #8 lists a total of sixty 
C 1s BEs and FWHMs for the different functional groups con-
tained in a set of polymers. There is a brief table of O 1s BEs 
and FWHMs for a few polymers. 
 This data-bank is similar in design and content to the 
1979 handbook produced by PHI but includes various practi-
cal data tables that should be useful. It also includes a small 
collection of spectra from polymers and the valence band re-
gion of many elements. 
 To view sample pages of this spectral-numerical data-
bank (handbook) please refer to Fig. 9. 
 
Problems and Features - JEOL Handbook of XPS  
This book includes the simple one dimensional high energy 
resolution electron BE number tables provided by the NIST 
SRD-20 XPS Database4 and the book Practical Surface Analy-
sis7,8. This means that the user will suffer the same inconsis-
tency problems that exist for those sets of BE numbers.  
 The uncertainties for the calibration (reference) energies 
and the BE numbers derived from the spectra produced by 
JEOL were not specified, but the authors stated that the refer-
ence energy for the adventitious hydrocarbon C 1s signal was 
285.0 eV ±0.2 eV.  
 The book recommends reference energies that are differ-
ent than those currently accepted and used by most research-
ers. The chosen reference energy for Au 4f7/2 is 83.8 eV, 
which is 0.2 eV smaller than the more common 84.0 eV value 
and the current ISO standard. The chosen reference energy for 
the Cu 2p3/2 signal is 932.8 eV which is 0.1-0.2 eV larger than 
the more common 932.6-932.7 eV value. These differences 
cause a relative increase in the BE scale and requires rescaling 
their XPS spectra and BEs to allow comparison with spectra 
and BEs obtained from many other instruments.  
 This book, published in 1991, contains spectra from 60 
chemical elements, which is less than the number of elements 
included in the 1979 handbook produced by PHI.  
 The FWHM of the primary XPS signals for each element 
are clearly provided in Appendix 7. This table shows FWHM 
for most of the conductive elements which are typically 1.0 eV 
to 1.2 eV. The FWHM from insulators ranged from 1.4-3.5 eV 
with a typical value between 1.4-2.0 eV. The poor resolving 
power and poor charge control ability of non-monochromatic 
X-ray sources is clearly revealed by comparing these FWHM 

values to those obtained by using a monochromatic X-ray 
source.6, 41-49   
 The peak-fitted spectra provided in section #5 reveal 
some of the difficulties that occur when peak-fitting data from 
a non-monochromatic source. The peak-fit results indicate 
charging problems seen as a shoulder with asymmetry on the 
low BE side of the main hydrocarbon signal of the C 1s spec-
tra.  
 A number of survey spectra for various elements (Zn, Al, 
Si, and As) seems to reveal some instability in the system 
when collecting electrons with BEs greater than 700 eV, as 
indicated by the increase in the background in that region.  
 Despite the various problems and missing features this 
data-bank of spectra and numerical data-tables is useful, espe-
cially to people who frequently use both magnesium and alu-
minum non-monochromatic X-ray sources. The peak-fits 
shown in this handbook serve as useful guides for peak-fitting 
spectra from non-monochromatic X-ray sources. The tables in 
the appendices are useful to advanced users who need data-
tables that list some of the key parameters that affect XPS 
data. 
 
CRC:  Practical Handbook of Spectroscopy (1991)35   
Contents and Structure 
This handbook is a numerical data-bank that includes numbers 
for several kinds of spectroscopy.  It lists high energy resolu-
tion XPS BE numbers for many materials. There are no spec-
tra in this data-bank. 
 In 1991, the Chemical Rubber Company (CRC) published 
the Practical Handbook of Spectroscopy which includes a 244 
page section called “ESCA - Photoelectron Spectroscopy” (pp. 
175-418). The authors of this section were Kai Siegbahn, 
David A. Allison and Juanita H. Allison. Dr. Siegbahn re-
ceived a Nobel prize in 1981 for developing XPS into a useful 
analytical tool. This section of the book includes two data ta-
bles that contain individual columns of data associated with 
each chemical compound. The first data table is a short table 
of low energy data from the valence band region of XPS spec-
tra. The second data table is the main data table with 235 
pages and lists BEs for > 2,500 chemical compounds extracted 
from 150 different publications dating from 1958 to 1973. 
More than 10 percent of the references report Dr. Siegbahn as 
author or co-author. Most of Siegbahn’s publications in this 
book are focused on organic materials.  
 Many compounds have multiple BEs listings from differ-
ent spin-orbit signals (e.g., 2s, 2p1/2, 2p3/2, 3d3/2, 3d5/2) that are 
useful in the case of overlapping signals. Each line of data is 
headed by a chemical formula derived from the Chemical Ab-
stracts Service (CAS) system of chemical nomenclature.
 The data tables are organized alphabetically using the 
chemical abbreviation of the element (Ag-Zr) and the CAS 
empirical formula system. Adjacent to the CAS formula, is the 
common molecular formula or a molecular structure drawing. 
The physical state of the sample (gas or solid) is then listed.  
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Figure 10. Sample pages from the CRC “Handbook of Spec-
troscopy” (1991). Ref.35  

The next column report the spin-orbit assignment (e.g. 1s, 
2s, 2p3/2 etc.) and the BE. Adjacent to the BE is a column that 
gives brief details of the energy referencing methods used. A 
few BE numbers have an error value in parentheses reported 
to be either estimates or rigorously determined limits of the 
absolute value. The authors of this article suggest that the 
reader refer to the original literature for proper interpretation 
of the errors.  
 The last two items on each line are the type of exciting 
radiation and a reference to the original literature. 
 There are a total of 11 different energy referencing cali-
brants including: “3M Scotch Tape” (Scotch is the brand name 
used by the 3M company in the USA), pump oil, gold (Au°), 
internal carbon, copper (Cu°) Auger line KLL, graphite (C°), 
the Pb 4f7/2 signal in PbO, the P 2p signal in Na4P2O7, the N 1s 
signal in KNO3, deposited carbon and the Magnesium Kα1,2 X-
ray signal.  
 Inclusion of the original energy reference method helps 
the reader to know whether or not the sample behaved as an 
insulator. The inclusion of the original energy referencing 
method helps the reader to compare the original method to 
modern practices of energy referencing without having locate 
the original reference. When a compound was analyzed in a 
gaseous state, one of several gases (Ar, Ne, CHF3, C6H6, CO2, 
etc.) was used as the energy reference.  
 Approximately 50% of all BE numbers are from organic 
or organometallic compounds. BEs for several pure elements 
and a few chemical compounds obtained from higher energy 
X-ray sources (e.g., Cr°, Cu° and Mo°), which penetrate 
deeper into the core and deeper into the surface, are included.  
 This data-bank is a useful guide to analysts who need BE 
values for hundreds of organic materials. This data-bank in-
cludes chemical structures drawn next to each of the organic 
materials. It is useful because it clearly reports the original 
energy referencing method used for each compound.  
 To view sample pages of this dedicated numerical data-
bank (book chapter) please refer to Fig. 10. 
 
Problems and Features Missing – CRC Practical Handbook of 
Spectroscopy  
The inconsistency problems that exist with most XPS numeri-
cal data-banks are directly applicable to this numerical data-
bank. In addition to those problems there are problems spe-
cific to this numerical data-bank.  
 This data-bank is not based on a self-consistent set of 
reference energies. The reference energies listed for the C 1s 
energy vary by as much as 1.5 eV for the C 1s signal in the 
3M Scotch tape (i.e. 284.0 eV versus 285.5 eV). This range is 
large enough to cause significant errors in chemical state as-
signments of insulators. The reference energy listed for the C 
1s of pump oil was predominantly 285.0 eV, but there are a 
few cases where it is listed as 284.6 eV.  
 The reference energies listed for pure gold (Au°), a true 
conductor, varied by as much as 1.0 eV (i.e. from 83.0 eV to 
84.0 eV).  
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 This data-bank has are very few BEs from conductive 
elements thereby limiting internal statistical checks to deter-
mine the most statistically valid BE for a pure element.  
 The few error values that are given in parentheses are 
undefined. The reader can not determine if the error value “3” 
shown for in parentheses for the BE value 297.5 (3) eV, 
means +0.3 eV or  +0.15 eV.  
 It is a difficult to locate a chemical compound by using an 
alphabetical system mixed with the CAS system of nomencla-
ture.  
 Each compound and BE are normally listed just once, 
which implies that the BE is absolute and without error.  
 A random comparison of the BE reported for a particular 
chemical compound in this data-bank and the BEs reported for 
the same compound in Appendix 5 of the book Practical Sur-
face Analysis8 reveals that there are significant differences 
between the two BEs. The differences can be as large as 2-3 
eV after normalizing the energy referencing methods to be the 
same. The difference can also be relatively small, 0.1 - 0.5 eV. 
There is no obvious reason for these differences. 
 Because this data-bank contains hundreds of BEs from 
organic materials listed next to their chemical structure draw-
ings it is a useful guide to those who need such BEs, but cau-
tion is needed when studying organic materials because they 
are easily damaged by the primary X-ray energy, the heat from 
the nearby anode and the high energy Bremmstrahlung con-
tinuum (1-15 keV) that accompanies non-monochromatic X-
ray sources. Lower power density monochromatic X-ray 
sources used with a cold stage are recommended to scientists 
who need to study organic materials. 
 
PHI:  Handbook of XPS - 2nd Edition   (1992)6  
Contents and Structure 
This handbook includes spectra and numerical data-banks that 
contain high energy resolution electron BE numbers from 
many kinds of materials.  
 The positive comments about the contents, regarding the 
original 1979 edition, are true for this 1992 edition. 
 This second edition includes more than 400 survey spec-
tra, high energy resolution spectra, Auger band spectra of 81 
elements and 12 valence band spectra of polymers and chemi-
cal compounds.  
 Spectra from very reactive metals (Na, K, Rb, Cs, Ca, Sr, 
and Ba), which represent an excellent addition, were included 
in the new edition along with spectra from nearly all the rare 
earth metals.   
 Signals from carbon and oxygen contamination in the 
survey spectra are low as is the noise in the survey spectra.  
 The spectral data for the elements were obtained using 
both monochromatic Al Kα1 and non-monochromatic Mg Kα1,2 
sources. The photon energy of two source were reported to 
occur at 1253.6 eV and 1486.6 eV, respectively. 
  Short chemical state assignment tables, shown with each 
element’s spectra, were redesigned to be simpler in this new 
edition. The organization of the spectra and tables is based on 
the atomic number of the elements (Z=3 to 92).  

 
 

 
 

 
 

 
 

Figure 11. Sample pages from the PHI “Handbook of X-ray 
Photoelectron Spectroscopy” (1992). Ref.6  
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The new chemical state tables include range bars for each of 
the chemical compounds. The bars indicate a range of BEs for 
each chemical compound or element usually 0.6 eV in width 
(i.e. +0.3 eV).  These variations are possibly due to the errors 
associated with the original reference data. A few of the range 
bars are 2 eV (i.e. +1 eV). This new style of reporting BE 
ranges appears to reflect the uncertainty in BEs for a particular 
chemical compound or a group of similar compounds that are 
listed in the BE tables of appendix B.6  
 This new edition includes more Auger parameter charts 
and data tables in appendix A6. These charts improve the reli-
ability of a chemical state assignment.  
 This new edition also includes a larger data table of pub-
lished BEs (appendix B) that contains more than 3,000 BE 
numbers, 1,500 being newly added. The new data table in ap-
pendix B is organized alphabetically using the standard abbre-
viations for the chemical elements (Ag...Zr), not the atomic 
number of the element. The range of BEs shown in the sum-
mary tables for each chemical state on the spectra pages was 
derived from the data tables included as appendix B. 
 The appendices hold two new tables of atomic sensitivity 
factors (ASFs).  
 This edition uses new reference energies where Au 4f7/2, 
Ag 3d5/2 and Cu 2p3/2 are reported to occur at 84.0 eV, 368.3 
eV, and 932.7 eV, respectively. When compared with the BEs 
provided in the original 1979 edition, this change produces 
significant variances in principal peak BEs that occur in the 
high energy range. The difference can be as large as 0.4 eV. 
The C 1s energy of adventitious hydrocarbons is defined to be 
284.8 eV, which is 0.2 eV higher than the 1979 value of 284.6 
eV. 
 The spectra acquired by PHI form a self-consistent set of 
spectra. In a paper by Powell65 the BEs obtained from the pure 
elements in this handbook have been compared with three 
other self-consistent sets of BEs from pure elements in  an 
attempt to determine reliable secondary reference energies.  
The other large sets of pure element BEs were provided by 
JEOL,9 Crist,40 and Martensson67-70 
 To view sample pages of this spectral-numerical data-
bank (handbook) please refer to Fig. 11. 
 
Problems and Features Missing - PHI Handbook of XPS (2nd 
Edition) 
The problems and limitations of various numerical data-banks, 
fully discussed early in this review, are directly applicable to 
the numerical data-banks included in this otherwise excellent 
handbook. 
 The new style of reporting BE ranges does not reflect any 
true statistical analysis of the BEs listed in appendix B. Even 
though the number of BEs listed for a particular chemical 
compound may be small, it would be worthwhile to include 
statistical analyses that indicate the reliability (e.g. confidence 
intervals, student T-test results, standard deviation, the 
weighted median, a BE vs. occurrence histogram etc.) of a 
particular BE for a chemical compound or element. 

 

 A major problem with this handbook is that the errors and 
uncertainties associated with the BEs reported in the high en-
ergy resolution electron BE number tables are not reported. 
These errors and uncertainties are directly due to the work 
done by the original workers, not the authors of PHI’s hand-
book, and are difficult to determine from their publications. 
This oversight is rather serious because this handbook was 
designed and intended to be a major source of BEs to be used 
to make chemical state assignments. If included, they would 
have greatly improved the intended purpose of the data tables 
contained in this XPS data-bank. 
 Various useful features, which could have been added, are 
missing from both the 1992 and 1979 editions. The electron 
counts scale of all spectra were deliberately removed. Peak-
shape and peak-fit results: i.e. FWHM, degree of asymmetry, 
ratio of Gaussian: Lorentzian curves needed to fit the individ-
ual XPS signals and peak area ratios of spin-orbit coupled 
signals, are missing. The inclusion of FWHMs for the BEs 
listed in the high energy resolution electron BE number tables 
would have been an excellent tool to help scientists to analyze 
raw spectral data obtained from a monochromatic source. 
There is no list of BEs for the energy loss signals that occur 
after all major XPS signals in each spectrum. (Beginners 
sometimes consider energy loss peaks to be due to minor 
amounts of other elements.) There are very few valence band 
spectra, except for the 12 spectra included in appendix D. 
 The addition of high energy resolution spectra from the 
reactive alkali and alkaline metals is an excellent addition to 
the spectral data-bank.  
 The near absence of signals from oxygen and carbon from 
nearly all of the survey spectra clearly shows that it is possible 
to obtain and to record spectra which are effectively free of 
contamination. It would have been very useful if the authors 
included a detailed description of the techniques required to 
produce such excellent pure element spectra. Despite the vari-
ous problems and missing features this handbook is a useful 
guide for chemical state assignments.  
 
Wiley:  High Resolution XPS of Organic Polymers – 
The Scienta ESCA 300 Database (1992)36  
Contents and Structure  
Beamson and Briggs published this book of organic polymers 
that includes a self-consistent numerical data-bank and a self-
consistent spectral data-bank. There are roughly 530 spectra 
from a set of 110 standard homopolymers. These spectral and 
numerical data-banks provide complete sets of correlated 
spectra (SCS) for each polymer and provide sufficient detail 
and information about the sample and peak-fit results.  
 Due to the self-consistent nature of the data, the peak-fit 
information and data quality are well above average.  
 This handbook contains operational details about the Sci-
enta ESCA 300 instrument, various performance tests,  
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Figure 12. Sample pages from the Wiley “High Resolution XPS 
of Organic Polymers – The Scienta ESCA 300 Database” 
(1992). Ref.36 
  

experimental protocol, data processing information and a sec-
tion about sample degradation during analysis.  
 The degradation section suggests that the X-ray power of 
the Scienta 300 system should be kept below 1.5 kW to avoid 
excessive damage during the 4-5 hours analyses. 

The first 48 pages of the handbook include nearly all the 
details needed to repeat the same analyses and to make full use 
of the spectra provided in the handbook.  
 These authors, whenever possible, chose to cast non-
conductive films (10 - 1000 nm in thickness). The calibration 
(reference) energy of saturated and aromatic hydrocarbon C 1s 
signals was defined to occur at 285.00 eV and 284.70 eV, re-
spectively. Reference energy values for the Ag 3d5/2 and the 
Ag M4VV signals were reported to be 386.27 eV and 1128.84 
eV, respectively. The photon energy for the monochromatic 
Al X-ray energy is assumed to be 1486.7 eV, and the energy 
for the Fermi edge of Ag° was reported to occur at 0.02 eV at 
room temperature. 
 Except for the valence band spectra, all high energy reso-
lution spectra include the peakshapes used to measure the peak 
parameters shown in each data summary chart. This is an ex-
cellent way to help the reader to learn the relation between 
XPS signals and the functional group components present in 
the sample, and helps the reader to perform valid peak-fits.  
 The index in this handbook is useful because it includes 
common abbreviations and common trade names for each 
polymer. A structural drawing of each polymer is placed adja-
cent to the data summary charts of each polymer. Each struc-
tural drawing has a set of numbers adjacent to the atoms that 
correspond to the chemical state assignments shown in the 
data summary chart.  
 The data summary charts report peak BE, FWHM, rela-
tive peak area, asymmetry and the degree of mixing Gaussian 
and Lorentzian peak shapes for each peak.  
 On each page just under the structural drawings there is 
detailed information about the source of the polymer, how the 
sample was prepared for analysis, the tendency to degrade 
under the X-ray beam, the time spent to acquire the valence 
band spectrum, the C 1s signal that was used for energy refer-
encing and the actual BE defined as the reference energy.  
 The appendices have several chemical shift tables de-
signed to assist peak-fitting. Each table includes a structural 
drawing of different functional groups adjacent to the mini-
mum, maximum and mean chemical shift values associated 
with each functional group. For each functional group there is 
a listing of the number of different polymers that contain that 
particular functional group. The mean chemical shift values 
were determined by using the BEs associated with each func-
tional group and the number of different polymers that con-
tained that functional group. 
 To view sample pages of this spectral-numerical data-
bank (handbook) please refer to Fig. 12.  
 
Problems and Features Missing – Wiley High Resolution XPS 
of Organic Polymer – ESCA 300 Database  
Uncertainties for the reference energy numbers and the ob-
served BE numbers for all of the polymers were not clearly 
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specified, but were indirectly inferred to be less than ±0.05 eV 
due to the 0.05 eV/channel step size. Previous publications by 
Briggs in the journal of Surface and Interface Analysis indi-
cate that the charge control of polymers on the Scienta ESCA 
300 can vary by as much as 0.2 eV during a consecutive series 
of analyses on the exact same sample. This places doubt on 
the high energy resolution BEs. 
 It is difficult to find features that are missing from this 
excellent handbook, but there are a few. The handbook does 
not report atomic percentages for either the individual ele-
ments or the individual functional groups.  
 There is a problem with the transmission function or the 
X-ray power stability of the system because slight fluctuations 
are visible in the background at roughly 500 eV for several 
survey spectra. This problem is easily noticed by comparing 
the survey spectra from polyethylene or polypropylene with 
spectra from other pure hydrocarbon polymers such as poly-
isobutylene or poly-1-butene.  
 Many valence band spectra have significant noise which 
make them difficult to use for overlaying with experimental 
spectra. There are no BEs reported for any of the many va-
lence band peaks. 
 With no obvious reason, the authors, Briggs and Beam-
son, used various ratios of Gaussian and Lorentzian peak-
shapes to peak-fit (curve-fit ) the various component signals 
contained in the peak envelop of the primary XPS signals (e.g. 
C 1s, O 1s), and there is no explanation that the Gaussian: 
Lorentzian ratio was based on reference data or a theoretical 
behavior. By allowing random variation in the ratio of Gaus-
sian and Lorentzian peakshapes, various impurities that exist 
in low abundance may be obscured. 
 The reliability of the BE numbers reported in this hand-
book are questionable because there was no obvious statement 
on the frequency of calibration during the many months re-
quired to produce this spectral and numerical data-bank.  
 The reliability of the BE numbers is questionable because 
the authors have used only the Ag 3d5/2 signal to check the 
energy scale of the instrument.  
 The authors use an Auger signal for energy calibration 
which in 1992 was a good choice, but has, in recent years, 
been shown to have a chance for error, as indicated by a round 
robin group led by NIST that reported Auger generated KEs 
for a monochromatic X-ray source are frequently different 
from the Auger KEs obtained by using a non-monochromatic 
X-ray source by as much as 0.3 eV. This difference means that 
the use of the Ag M4VV signal may introduce more uncer-
tainty into some BEs. 
 This handbook is an excellent source of reliable data, 
such that the contents of this handbook can be used to guide 
chemical state assignment and the development of other XPS 
data-banks. 
 This handbook is no longer in print from Wiley, but a 
PDF version is available from SurfaceSpectra Ltd.  
( http://www.surfacespectra.com/xps/index.html ). 

XI:  SpecMaster Pro XPS Database Systems    
http://www.xpsdata.com/specmast.htm (1993-2007)37 

Contents and Structure 
This database is a data-bank with 40,000 monochromatic spec-
tra stored as 3,800 ASCII data-files of correlated spectra, sys-
tematically organized as a modular system of 80 directories. In 
addition to the spectra, a complete system includes software 
for data processing, a set of 5 handbooks with 2,500 processed 
spectra, PDF versions of 2 handbooks with chemical state as-
signments and 25 user training movies.  
 The “Library of Monochromatic XPS Spectral Data”66 
was measured over a 10 year period by a single scientist using 
two routinely calibrated SSI XPS systems equipped with 
monochromatic Al Kα1 X-rays. Due to the well controlled na-
ture of the calibration energies and analysis conditions, the 
entire collection is a rare and unique self-consistent set.  
 The complete collection is divided into two sub-sections. 
One named “Common Materials” that includes alloys, binary 
oxides, borides, carbides, carbon etc. and one called “Practical 
Studies on Common Materials” that includes damage studies, 
depth profile examples, charge control studies, gas capture 
studies, time studies etc. See Fig. 13 for the complete list. 
 The standard way to access a data-file of correlated spec-
tra with this system is to open a directory of interest and drag 
one or more data-files onto the open screen of the software 
that is part of the database. The software is called “Spectral 
Data Processor” (SDP v4.3) and has the processing features 
provided by software produced by the instrument makers.    
 This spectral data-bank system provides complete sets of 
correlated spectra for the elements and many hundreds of 
chemical compounds. It provides sufficient detail and infor-
mation about the specimen sample, the data, the instrument, 
analysis conditions, calibration energies, data processing 
treatments and spectral features (BE, FWHM, peak areas, and 
atomic percentages) that resulted from data processing. Spec-
tra are stored in their original raw form with no charge correc-
tion. Each data-file, when displayed using the SDP v4.3 soft-
ware,39 displays sample description, sample preparation, 
analysis conditions, take-off-angle, information about routine 
and special charge control settings, special treatments and date 
of analysis.  
 Data-files include survey spectra, high energy resolution 
spectra of the main metal signals, C 1s spectra, O 1s spectra 
and valence band spectra. Auger spectra, energy loss spectra 
and repeats of the O 1s or another spectrum. Time based and 
treatment based sequence spectra are presented as either depth 
profile runs or as a series of repeated narrow scans. 
 The reference energies used from May 1986 to January 
1993 were Cu 2p3/2=932.47eV ±0.08, Cu 3s=122.39eV ±0.08  
and Au 4f7/2 = 83.96eV ±0.08. From January 1993 to Octo-
ber1994, the reference energies were adjusted to the standard 
calibration energies produced by Seah32 at NPL and promoted 
by Powell65 at NIST: Cu 2p3/2 = 932.67 ±0.05eV, Cu 3s = 
122.45 ±0.05eV, Cu 3p3/2 = 75.01 ±0.05eV and Au 4f7/2 = 
83.98 ±0.05eV. 
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Figure 13. Sample web pages from the XI web site describing 
the “SpecMaster Pro Database System” (1993-2007). Ref.37  
http://www.xpsdata.com/specmast.htm  

 A series of special directories contain extensive sets of 
calibration spectra, transmission function studies and tests of 
the instrument that verify long term energy scale calibration 
and the quality of the spectra. Because the calibration energies 
of the Cu 2p3/2, Cu 3s and Au 4f7/2 signals were checked and 
corrected, as needed, every 2-3 weeks, the resulting BE num-
bers are expected to be reliable.  
 Scofield-based relative sensitivity factors (RSFs), modi-
fied using an exponential function, were used for quantifica-
tion. By trial and error, a viable exponent was determined by 
integrating and quantifying the four main signals (2p3/2, 2p1/2, 
3s and 3p) of freshly ion etched copper until the resulting 
atomic percentages for each peak were 25±2 atom%.  The 
correctness of the exponent value was tested and verified by 
measuring the atomic percentages of the freshly exposed bulk 
of a pure crystal of NaCl, using the Na 1s, Na 2s, Cl 2p and Cl 
2s signals, and exposed bulk of pure crystals of SiO2, CaF2 
and Al2O3 and the freshly exposed bulk of several pure poly-
mers (PET, PMMA and Teflon). 
 Non-conductive materials were measured with a grounded 
mesh-screen less than 1 mm above the surface of non-
conductive samples for charge compensation that routinely 
produced optimum FWHMs and produced a linear response 
between the applied flood gun voltages and measured BEs. 
 To view web pages describing the content of this spectral 
data-bank (database) please refer to Fig. 13.  
 
Problems and Features Missing – SpecMaster Pro Database 
The uncertainty of the calibration energies used to calibrate 
the instrument are reported to range from ±0.05 to ±0.08 eV, 
but the uncertainty in the BEs derived from the spectra in the 
database is reported to be ≤ ±0.15 eV.  
 The author has provided only a few tables of BEs and 
FWHM that were derived from the complete database. An 
extensive table of BEs and FWHMs from the complete data-
base would provide a useful summary of such information. 
 The self-consistent nature of the database needs to be cor-
roborated by a reliable independent body. 
 The method of accessing the spectra is limited to selecting 
a data-file based on material class, treatment, experimental 
variable or analysis method. A user interface based on a table 
of functional groups, a periodic table or a set of selected ele-
ments that would open a data-file, is missing. The user can 
however use the Windows search routine to locate specific 
materials by searching the names of the data-files. 
 Some 2,500 spectra have been processed and printed, but 
many spectra in the database have not been processed or anno-
tated. The user must process the spectra as needed. Some of 
the names of the data-files are based on the MS-DOS naming 
system which is limited to 8 characters. There is no manual 
that explains how to use the software that comes with the da-
tabase. The user must watch the 25 videos that are each 5-10 
min. long to learn how to process the spectra using the SDP 
v4.3 software. 
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 Calibration energies were changed in January 1993 to 
those published by Seah at NPL.32 

 Table 8, derived from the spectra in this data-bank, indi-
cate that C 1s BE of hydrocarbon moieties (components) clean 
metals is probably 0.4eV smaller than the C 1s BE of the hy-
drocarbon components on native oxides. This difference, if 
reliable, suggests that the surface physics of oxides and possi-
bly other compounds may bias the C 1s. 
 Despite the missing features, this database is by far the 
largest self-consistent set of spectra and potentially the most 
reliable. 
 
AVS:  Surface Science Spectra   (1993-2006)38  
Contents and Structure  
This journal based data-bank publishes spectra and numerical 
data tables that contain high energy resolution electron BE 
numbers from many kinds of materials. Authors contribute 
original raw spectra and complete a submission form which 
are used to generate the journal of Surface Science Spectra 
(SSS) published by the American Vacuum Society (AVS).  
 This data-bank is currently the only data-bank that uses 
the expert peer review process to decide to reject or accept 
sets of spectra for publication and inclusion into the data-bank.  
 The Surface Science Spectra journal and data-bank sys-
tem is designed to be a long term project to meet the needs of 
researchers who use different instruments and various analyti-
cal conditions.  
 The SSS data-bank publishers use a two fold approach to 
provide data to subscribers. They produce a printed copy 
(journal) and a PDF copy (on-line) of most of numerical and 
spectral data contributed by each author. 
 This spectral and numerical data-bank usually provides 
complete sets of correlated spectra for a given chemical com-
pound or element along with sufficient detail and information 
about the specimen sample, the data, the instrument, analysis 
conditions, calibration energies, data processing treatments 
and spectral features (BE, FWHM, peak areas, and atomic 
percentages).  
 All submissions, which undergo expert peer review, are 
classified as "technical, comparison or reference" grade spec-
tra. In 1992, this data-bank system had archived and published 
roughly 400 individual XPS spectra from 65 chemical com-
pounds or elements. In general, most submissions included 
complete sets of correlated spectra for an element or chemical 
compound, but there are cases where a limited number of 
spectra were accepted. In 1993, a similar number of individual 
XPS spectra were archived and published. In 1994 and 1995, 
the journal started to publish ToF-SIMS and AES spectra. 
 As of January 2007, the total number of individual XPS 
spectra is estimated to be roughly 2,100 stored in 450 data-
files. By design, several of the 450 data-files contain data from 
the same chemical compound, but measured by different 
workers using different calibration energies and different  
 

 
 

 
 

 
 

 

 
 
Figure 14. Sample pages from the AVS journal “Surface Sci-
ence Spectra” (1993-2006). Ref.38
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analysis conditions.  As a result this system produces multiple 
copies of similar spectra for the same material. 
 The journal includes an excellent set of cross-reference 
indices divided into subject index (e.g., optics, dielectric prop-
erties and materials, materials science etc.), author index and 
electronic transition index (e.g. Al 2p, C 1s, N KLL).  
 Each issue of the journal includes a contributor’s form 
that is also available from the AVS website. 
 To view sample pages of this spectral-numerical data-
bank (journal and PDFs) please refer to Fig. 14.  
 
Problems and Features Missing – Surface Science Spectra 
The printed and PDF versions of this journal currently suffers 
from most, if not all, of the inconsistencies that trouble many 
old numerical data-banks of BE numbers. This occurs because 
the database accepts many different calibration (reference) 
energies, different charge referencing values for the C 1s sig-
nal, different uncertainties, various charge control methods 
and different analysis conditions on instruments with various 
transmission functions.  For this reason it is very difficult for 
the collection as a whole to be considered a self-consistent set 
of spectral data. A large set of spectral data that is inconsistent 
is limited in its ability to produce data with a desirable degree 
of reproducibility or reliability.  
 Roughly half of all the XPS spectra were obtained using a 
non-monochromatic Mg Kα1,2 X-ray source which means that 
the surface of those materials were exposed to a significant 
amount of heat (100-2000 C) during the analysis.  This heat 
load occurs because samples are typically only 3-5 cm away 
from the heat produced by the X-ray source.  At the same 
time, the samples were exposed to high energy (1-15 KeV) 
Bremmstrahlung X-rays, both of which are well known to 
cause damage or degradation during the time needed to collect 
the XPS spectra.19-27 

 At this time, estimated uncertainties are not usually speci-
fied, and the eV/step size, which is a rough estimate of uncer-
tainty, is not provided. Therefore, it is difficult to estimate 
uncertainty in many of the reported BE numbers.  
 The analyzer calibration table is currently used by the 
authors to report calibration energies that should be used, not 
experimentally measured calibrating energies. There are no 
dates that report when the calibration energies were last 
checked and no date for when the sample was analyzed.  
 An article published in 1995 in volume 3 of SSS, reported 
a Cu 2p3/2 BE of 933.1 eV, which is 0.3 eV greater than the 
largest reference energy, 932.8 eV, used by one instrument 
manufacturer and 0.9 eV higher than the lowest reference 
value, 932.2 eV established 15 years earlier. The separation in 
reference energies (SRE) for this contribution was 849.3 eV 
which is 0.9 eV larger than that used by one manufacturer and 
0.6 eV larger than that recommended by most makers. In the 
same publication, the Au 4f7/2 BE was reported to be 83.8 eV. 
 In many of the papers in SSS the authors provide only one 
calibration energy and in a few cases the author reported a 
correction to the energy scale based on work function differ-
ences and charging such that the Fermi level of the valence 
band occurred at 0 eV. 

 Depending on the author’s preference, the calibration 
(reference) energy for the adventitious hydrocarbons C 1s 
signal will vary from 284.6 eV to 284.8 eV or 285.0 eV. As a 
result there can be a 0.4 eV difference in the BEs reported for 
the exact same non-conductive material published by two dif-
ferent authors in the same issue of Surface Science Spectra. 
 This arbitrary variation in the reference energy for the 
adventitious hydrocarbon C 1s signal makes it very difficult to 
maximize the reliability of chemical state assignments for all 
kinds of non-conductive materials which are frequently ana-
lyzed by XPS. 
 Valence band spectra, which are invaluable, are fre-
quently included, but are not required for submission.  
 The peak-fit results are presented only in table form. 
None of the high energy resolution spectra have peak-fits dis-
played on the actual spectra. Often there are no reports of the 
ratio of Gaussian and Lorentzian peakshapes used in the peak-
fit, and there are no reports or displays of the peak-fit error or 
a chi-squared value, both of which reveal the goodness of the 
peak-fit to the raw data. It would be useful to include actual 
peak-fitted results to help young scientists learn peak-fitting 
and to see if the reported peak-fit results actually match the 
reported FWHM. 
 Non-monochromatic and monochromatic X-ray sources 
cause various amounts of degradation or damage during the 
time it takes to generate XPS spectra, but at this time, there is 
no category that addresses changes in BE numbers and/or 
change in atomic percentages that occur during analysis.  
 Many inorganic salts are hydrated and start to lose their 
water of hydration once introduced to vacuum. This author has 
observed changes not only in peakshape, but also BE shifts 
that might be due to water loss, changes in charge conditions 
or degradation of the salt itself. 
 Various contributing editors have served as special au-
thors to SSS. These editors have themselves used various cali-
bration energies and have rounded off the number of signifi-
cant figures in BE numbers by undefined methods. This prac-
tice makes it difficult to compare reported BE numbers to BE 
numbers derived from the same chemical compound but ob-
tained by using different reference energies and/or different 
energy scales. The precedence set by the contributing editors 
defeats the desired objectives of the data-bank and journal. 
 There is a significant figure problem with the FWHM 
values. Peak energy values are reported with one decimal 
place, but FWHM values are frequently reported with two 
decimal places. 
 A major problem in the BE values exists because con-
tributors are not required to collect spectra from reference 
energy materials (Cu, Au, and Ag) just prior to and after col-
lecting the spectra from the target material. To ensure the reli-
ability of each set of correlated spectra, the contributor, as a 
requirement, should report the Cu 2p3/2 and Cu 3p3/2 BEs from 
freshly ion etched copper (Cu) metal measured just prior to or 
after collecting spectra from the target material. 
 Currently, in 2007, there is no requirement to include es-
timates of BE uncertainties. When uncertainties or error 
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ranges are given, there is no explanation as to how the uncer-
tainty or error range was determined.  
 There is no requirement to include calibration energies 
that span a sufficiently large range of the BE spectrum.  Cali-
bration based on a single BE are accepted as being sufficient 
to define the calibration and linearity of the energy scale. 
 A problem with nearly every XPS data-bank, and also this 
one, is that each BE is the result of a single experimental run. 
 From the user’s point of view, a problem with this journal 
is that it is growing too slowly. It will be many years before 
the data-bank is big enough to assist scientists working on 
many different materials in many different fields. 
 Despite the various problems and missing features the 
Surface Science Spectra journal is a valuable tool for scientists 
analyzing materials by XPS. This tool will become more valu-
able once the number of data-files grows to include many dif-
ferent data sets from hundreds of different commonplace ma-
terials. 
 
XI:  Web Site - XPS Data Tables & Reference Data 
http://www.xpsdata.com/xpsdata.htm   (1997-2007)39 
Contents and Structure 
This web site provides tables of reference information, BEs, 
data tables and a few sets of correlated spectra from native 
oxides and pure elements.  This web site has a blend of spec-
tral and numerical data-banks. 
 One data table called “Fundamental XPS Data from Pure 
Elements, Pure Oxides and Chemical Compounds”, presented 
in a chemical periodic table format, lists BEs and FWHMs 
from pure elements, pure oxides and a few other compounds. 
The extensive tabulation of FWHM from both metals and 
metal oxides is a rare thing that should be useful as a guide for 
peak-fitting high energy resolution monochromatic spectra. 
 A table called “Contamination Caused by Gloves” lists 
the atomic percentage (%) of the elements that contaminate a 
surface after the surface was touched by various types of dis-
posable plastic gloves. The substrate for this work was a piece 
of common aluminum foil used in the kitchen. Silicon, as sili-
cone oil, seems to be a common contaminant from contact 
with various plastic gloves.  This sort of practical information 
is seldom published in journals. 
 A third table is an extensive list of BEs from pure ele-
ments and common chemical groups called “BE Lookup Table 
for Signals from Elements and Common Chemical Species.” 
This table includes BEs for energy loss peaks, Auger peaks 
and peaks from binary oxides, hydroxides, sulfides, carbonates 
and nitrides.  
 Three other data tables report: (1) carbide C 1s BEs, (2) 
atom % of native oxides and (3) hydrocarbon moiety C 1s BEs 
from native oxides and ion etched metals (see Table 8). 
 To view several sets of correlated spectra, stored as PDF 
files, go to the page: http://www.xpsdata.com/samples.htm.  

 
 

 
 

 
 

 
 
 
Figure 15. Sample web pages from the XI web site showing 
“XPS Data Tables and Reference Data” (1997-2007). Ref.39 

(http://www.xpsdata.com/xpsdata.htm)  
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In addition to the 7 PDF files for elements, there is a link to 7 
PDF files for native oxides.  
 To view sample web pages of this spectral-numerical 
data-bank (web site) please refer to Fig. 15.  
 
Problems and Features Missing – www.xpsdata.com 
The C 1s BE of the adventitious hydrocarbon peak in the fun-
damental XPS data table is reported to occur at 285.0 eV 
which is 0.2 eV larger than that normally reported. BEs from 
the main metal signal of many pure metals does not match the 
BEs reported for the metal signal present under native oxides. 
No explanation is given for this difference.  
 The BEs shown in the carbide C 1s BEs table include BEs 
of carbides that form on the surface of pure metals after being 
ion etched clean and allowed to react with the residual gases in 
the vacuum of the instrument. There are no BEs from pure 
forms of the carbides to determine the accuracy of these BEs.  
  
XI:   PDF – Handbooks of Monochromatic Spectra 
Vol. 1 – The Elements and Native Oxides   (1999)40 

Contents and Structure 
The PDF version of this handbook (5 MB), a spectral data-
bank, is 658 pages in length and uses a hyper-link system 
based on two periodic table interfaces.  
 Two links on the opening page jump to the interfaces. 
One interface allows the user to jump to a set of correlated 
spectra for the element selected; the other periodic table inter-
face connects the user to sets of correlated spectra for native 
oxides of the elements. A hyper-link box at the bottom right 
corner of each set allows the user to jump back to the periodic 
table. 
 There are two sub-sections, one for the element or its 
compound form and one for the native oxide form. The PDF is 
organized alphabetically based on chemical formula (Ag to 
Zr).  The elements and chemical states included are:  Ag, Al, 
Ar(+), As, Au, B, Ba(+), Be, Bi, Br(-), C, Ca(2+), Cd, Ce(4+), 
Cl(-), Co, Cr, Cs (+), Cu, Dy, Er, Eu, F(-), Fe, Ga, Gd, Ge, Hf, 
Hg, Ho, I(-), In, Ir, K(+), La(3+), Li(+), Lu, Mg, Mn, Mo, 
N(3-), Na(+), Nb, Nd, Ni, O(2-), P, Pb, Pd, Pr, Pt, Rb(+), Re, 
Rh, Ru, S, Sb, Sc, Se, Si, Sm, Sn, Sr(2+), Ta, Tb, Te, Ti, Tl, 
Tm. V, W, Y, Yb, Zn and Zr.  
 Native oxide spectra were measured from the naturally 
formed native oxides of:  Ag, Al, As, B, Be, Bi, Cd, Co, Cu, 
Fe, Ga, Ge, Hf, In, Ir, Mg, Mn, Mo, Nb, Ni, Pb, Pd, Pt, Re, 
Rh, Ru, Sb, Sc, Se, Sn, Ta, Te, Ti, Tl, V, W, Y, Zn and Zr. 
  Because the spectra are derived from the “XI Library of 
Monochromatic XPS Spectra”,66 this PDF handbook contains 
self-consistent spectra that provide reliable BEs. 
 The initial pages include a table of contents followed by 
32 pages of information discussing organization, contents, 
peak-fitting, charge compensation and a detailed report on the 
instrument behavior and analysis conditions used. The calibra-
tion energies for spectra collected before January 1993 are:  
Cu 2p3/2 = 932.47eV ±0.08, Cu 3s = 122.39eV ±0.08 and Au 
4f7/2 = 83.96eV ±0.08. The hydrocarbon C 1s peak BE for  

 
 

 
 

 
 

 
 
Figure 16. Sample pages from the XI PDF version of the 
“Handbooks of Monochromatic Spectra Vol. 1 – The Elements 
and Native Oxides”   (1999). Ref.40 
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charge referencing non-conductive materials is 285.0 eV. The 
reason for this choice is provided in the introduction and Table 
8. After January 1993 the reference energies became: Cu 2p3/2 

= 932.67 ±0.05eV, Cu 3s = 122.45 ±0.05eV, Cu 3p3/2 = 75.01 
±0.05eV and Au 4f7/2 = 83.98 ±0.05eV. 
 A total of 77 elements in pure, compound or implanted 
form are provided. For the native oxide forms there are 44 
data sets.   

 Each set of spectra for a pure metal includes a survey 
spectrum with an atom % table, high energy resolution spec-
trum of the primary metal signal, valence spectrum and in 
some cases a secondary metal signal. 

 The spectra from each native oxide includes a survey 
spectrum with an atom % table, high energy resolution spectra 
of the primary metal signal, the C 1s signal and the O 1s sig-
nal. 
 The first page of each data set lists the peak energies and 
assignments for all XPS signals, energy loss peaks, Auger 
peaks and the atom % composition if a compound was meas-
ured. Details of special analysis conditions are also provided.  

 Each peak-fitted signal has chemical state assignment 
labels together with BEs and FWHMs. Each peak-fit includes 
a report of reference energies, the FWHM of the Ag 3d5/2 peak 
measured at the same pass energy and the Gaussian: Lor-
entzian peakshape ratio used for all peaks in the peak-fit. 
 After a brief check for charging effects, the low voltage 
electron flood gun was turned off because none of the peak 
BEs were shifted when the flood gun was turned on. Most 
naturally formed native oxides are less than 5 nm thick which 
is thin enough to allow electrons to tunnel quickly through any 
non-conductive layer allowing the native oxide to appear con-
ductive. This behavior is confirmed by the C 1s BEs of the 
hydrocarbon peaks listed in Table 8. 
 At the end of this PDF book there is a copy of the Fun-
damental XPS Data (see Fig. 37), several pages of RSFs for 
different instrument settings and a table titled:  BE Lookup 
Table.  
 To view sample pages of this spectral data-bank (PDF 
book) please refer to Fig. 16.  
  
Problems and Features Missing – XI PDF Volume 1 
Not all peaks in each peak-fit are identified. Several of the 
rare earth metals have appreciable amounts of oxygen con-
tamination that might be due to their tendency to hydrolyze.  
 There are no native oxides of the rare earth metals. Sev-
eral of the native oxides are actually freshly formed native 
oxides that are only a few minutes old. The author explained 
that some metals (e.g. Pb, Mg, Tl) form native oxides that are 
thicker than the usual 10 nm information depth and require 
the production of fresh (semi-stable) native oxide films. 

The O 1s signals of the native oxides often have 3 peak 
components, but only the metal oxide peak is labeled. Only 
after refering to the PDF handbook on binary oxides, do we 
learn that these unassigned peaks at BEs > 531 are most likely 
due to adsorbed water or CO2. 

 
 

 
 

 
 

 
 
Figure 17. Sample pages from the Wiley “Handbook of Mono-
chromatic XPS Spectra –The Elements and Native  
Oxides” (2000). Ref.41   
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 The O 1s FWHM reported for a few of the native oxide 
peak signals is 10-20% larger than those obtained from pure 
oxides. The difference might be due to water adsorption, but 
the author did not suggest a potential cause. 
 Beyond these missing features, this PDF book includes 
nearly all of the information needed by the user to use the 
spectra, BEs and FWHMs to begin peak-fitting most native 
oxide films and possibly simple binary oxides. 
 
Wiley:  Handbook of Monochromatic XPS Spectra – 
  The Elements and Native Oxides41   

Polymers and Polymers Damaged by X-rays42  
 Semiconductors   (2000)43 

Contents and Structure 
These 3 volumes are derived from the “XI Library of Mono-
chromatic XPS Spectra”66 and are self-consistent. The first 
volume, “The Elements and Native Oxides”,41 (540 pages) 
contains the same spectra published in the PDF version. As a 
result, the structure and content are the same, which com-
pletes the discussion of volume 1. 
 The second volume, “Polymers and Polymers Damaged 
by X-rays”,42 (450 pages) is divided into two sub-sections. 
Section 1 presents spectra obtained from highly purified poly-
mers measured by Dr. D. Castner at the National ESCA and 
Surface Analysis Center for Biomedical Problems 
(NESCA/BIO) located at the University of Washington. Sec-
tion 2 presents spectra obtained by the author of this review. 
Because these two sets of spectra were measured by different 
authors on different SSI XPS systems, they represent inde-
pendent sets of self-consistent spectra. 
 In section one, each set of correlated spectra includes a 
survey spectrum and high energy resolution spectra from each 
element in the sample (with the exception of hydrogen). Many 
sets include valence band spectra. Organization of the data 
sets is alphabetical based on the name of the monomer used to 
make the polymer or the tradename of the product. 

The polymers in Section 1 include:  poly-ethylene (PE), 
poly-vinyl chloride (PVC), poly-vinylidene di-fluoride 
(PVDF), poly-tetrafluoroethylene (PTFE), poly-styrene (PS), 
poly-a-methyl styrene (AMPS), poly-4-methyl styrene (4MPS), 
poly-4-octylstyrene (POS), poly-4-hydroxystyrene (PHS), 
poly-4-hydroxystyrene-derviatized with trifluoro acetic anhy-
dride, poly-4-ethoxystyrene (PES), poly-4,4’-dimethoxy ben-
zophenone (4DBP), poly-ether ether ketone (PEEK), poly-
ethylene terephthalate (PET), poly-ethyl acrylate (PEA), poly-
methyl acrylate (PMA), poly-methyl methacrylate (PMMA) on 
copper, poly-ethyl methacrylate (EMA), poly-2-hydroxyl 
methacrylate (HEMA), poly-trimethyl silane hydroxyethyl 
methacrylate (CLMA), poly-ethylene glycol (PEG), poly-
propylene glycol (PPG), poly-tetramethylene glycol (PTMG), 
poly-vinyl alcohol (PVA), Biomer™, poly-methylene di-
isocynate/propane-diamine copolymer (MDPD), poly-
methylene diisocynate/butane-diol copolymer (MDBD), poly- 

 
 

 
 

 
 

 
 
Figure 18. Sample pages from the Wiley “Handbook of 
Monochromatic XPS Spectra –The Elements and Native 
Oxides” (2000). Ref.41 
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Figure 19. Sample pages from the Wiley “Handbook of Mono-
chromatic XPS Spectra – Polymers and Polymers Damaged by 
X-rays” (2000). Ref.42 

methylene diisocynate/propane-diamine/butane-diol terpoly-
mer (MDBP), poly-dimethyl siloxane (PDMS) and 
Whatman™ filter paper (cellulose). 

The polymers in Section 2 include:  poly-acetal, poly-
acrylonitrile (PAN), poly-amide, poly-1-butene, poly-
caprolactam (nylon 6), poly-carbonate bis-phenol A (PC), 
poly-ethylene (HDPE), poly-ethylene oxide (PEO), poly-
ethylene terephthalate (PET), poly-imide (Kapton), poly-
methylmethacrylate (PMMA), poly-4-methyl-1-pentene, poly-
phenylene sulfide (PPS), poly-propylene (PP), poly-styrene 
(PS), poly-sulfone resin, poly-tetrafluoroethylene (PTFE), 
poly-vinyl acetate (PVA), poly-vinyl chloride (PVC), poly-
vinylidene fluoride and nitrocellulose. 

The polymers in Section 2 were analyzed with a grounded 
mesh-screen roughly 1 mm above the surface of the sample 
which optimized the FWHM of each signal by providing uni-
form charge compensation across the surface of the sample. 

Most of the polymers in Section 2 were analyzed on a 
stepwise repetitive basis, overnight, to measure the degradative 
effects of continuous exposure to the analysis conditions. At 
the end of each set of spectra there are a series of overlays of 
the C 1s, O 1s and N 1s spectra (solid line and dashed lines) 
that reveal the changes in the chemical nature of the polymer 
due to the 12-14 hour exposure. 

The “Semiconductors”43 handbook (560 pages) contains 
survey spectra and high energy resolution spectra from simple 
semiconductors and compound semiconductors.  

This volume includes survey spectra with an atom % ta-
ble, high energy resolution spectra from primary and secondary 
metal signals, the C 1s signal and O 1s signal, valence band 
spectra and Auger signal spectra. All survey spectra are fully 
labeled. All high energy resolution spectra include peak-fits on 
the spectra and summary of the peak-fit results. 

All materials were analyzed “as received” and “after 
freshly exposing bulk” by fracturing in air. Several materials 
were analyzed “after ion etching” or “chemical cleaning”.  

A total of 44 different semiconductors and related materi-
als were analyzed, including:  AlGaAs, AlN, BeO, C, CdO, 
CdSe, CdTe, CuCl, Cu2O, Diamond, GaAs, GaInAs, GaP 
<100>, GaP <111>, GaSb, Ge, GeSe, GeSe2, HgS, HgTe, 
HOPG, InP, InSb, InSnOx (ITO), PbO, PbO2, Pb2O3, Pb3O4, 
PbS, Sb2Te3, Se, Si <100>, n-Si <110>, n-Si, p-Si <111>, p-Si 

(NIST), Si (un-doped), Si3N4, SnO2, Te, TiSi, TiSi2, WO3 and 
ZnO. Each set of spectra is presented alphabetically based on 
chemical formula abbreviation (Al to Zn). 

The low voltage electron flood gun used for charge com-
pensation was normally turned off, but was turned on when the 
sample behaved as a true non-conductor. 

 Atomic percentage tables of surface composition that re-
veal the natural oxidative tendencies of the semiconductors are 
included. 

Reference energies are the same as those used for the 
pure elements and native oxides.  

To view sample pages of these spectral data-banks (hand-
books) please refer to Figures 17-20.  
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Figure 20. Sample pages from the Wiley “Handbook of Mono-
chromatic XPS Spectra –Semiconductors” (2000). Ref.43 

Problems and Features Missing – Wiley 3 Volume Series 
There are no chemical state assignments on any of the spectra 
in these 3 volumes. The polymer handbook does not show the 
chemical structure of the monomers and does not give the 
change in atomic % at the end of the damage study.  The spec-
tra in section 2 are not corrected for charging. 
 
NIST:  SRD-20 (XPS) Database – v3.4 Web Site 
http://srdata.nist.gov/xps/   (2000-2003)4 
Contents and Structure  
This data-bank is a dedicated numerical data-bank that con-
tains high energy resolution electron BEs from many kinds of 
materials. There are no spectra in this data-bank. 
 In 1992, NIST announced version 2.0 of the PC based 
SRD-20 XPS Database with new user interface features and 
updates to data.3  The new user interface features were re-
ported to include a self-intuitive "trainingless" user interface, 
pull-down menus, lists of all options, Wagner plots, enhanced 
chemical searching, the ability to calculate chemical shifts 
from on-board reference data, new display options and a list of 
reference energies for the principal photoelectron lines and 
Auger lines for the elements. This PC based version (v2.0) of 
SRD-20 was released in 1997. 
 In 2000, version 3.0 was released as a free-of-charge on-
line version of the data-bank. The 4th update to this on-line 
web version (version 3.4) was available in August of 2003.  
 Updates to the data tables are reported to include data 
published after 1985 and data from a joint effort by NIST and 
the Institute for Chemical Metallurgy in China scheduled to 
start in 1992.   
 The introduction section reports that the database contains 
22,000 line positions. 

     The search functions for this web based data-bank include: 
• Identify unknown spectral lines 
• Retrieve data for selected elements  

o Binding energy (for photoelectron lines)  
o Auger kinetic energy (for Auger lines)  
o Auger parameter (for Auger and photoelectron lines)  
o Doublet separation (for photoelectron lines)  
o Surface/interface core-level shift (for photoelectron 

lines)  
o Chemical shifts (for photoelectron lines, Auger lines,  

and Auger parameters)  
 Retrieve measured data  
 Calculate data using elemental data as reference  
 Both of the above  

o Elemental reference data  
 Recommended binding energies for principal photo-

electron lines (85 elements)  
 Recommended kinetic energies for principal Auger  

lines (18 elements)  
 All data for one element  

• Display Wagner plot 
• Retrieve data for selected compounds 
• Retrieve data by scientific citation 
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Figure 21. Sample pages from the NIST “SRD-20 XPS  
Database” (2000-2003). Ref.4  

 The Data Field Definitions page in the Energy Scale 
Evaluation section, reports the following: “The binding-
energy data have been standardized to an energy scale that 
assumes, with Fermi level referencing, the following binding 
energies: Au 4f7/2 = 84.0 eV, Ag 3d5/2 = 368.27 eV, Cu 2p3/2 = 
932.67 eV and C 1s (for hydrocarbon or hydrocarbon groups) 
= 284.8 eV. Literature data will not ordinarily be included 
unless correspondence with at least one point on this energy 
scale can be determined, and any needed corrections made as 
indicated below.”   
 One of the descriptors for Energy Scale Evaluation is the 
term, reliable.  The definition is:  
  

Reliable:  The position of the reported line is within 300 
eV of a reference point on the energy scale, such as the Au 
4f7/2, Ag 3d5/2 or Cu 2p3/2 lines for a conducting specimen 
or C 1s line for a nonconducting specimen when charge 
referencing with the carbon line is employed. 
 
Within the Measurement Information section4, there are 

three sections that report General Information, Method of En-
ergy Scale Calibration and Charge Referencing: 
 

General information  
Information is first given on the conditions of the XPS ex-
periment, including whether an X-ray monochromator was 
used, the excitation energy (indicated by the anode mate-
rial if X-ray tube was used or a photon energy from a syn-
chrotron-radiation source), and the energy resolution. 
 
Method of energy-scale calibration  
Information is then provided on how the binding-energy 
scale was calibrated. In most measurements, strong lines of 
certain metals were used to calibrate the binding-energy 
scale. Gold, silver and copper are most frequently used as 
calibrants, and the following binding energies have been 
used as reference data: Au 4f7/2=84.00 eV, Ag 3d5/2=368.27 
eV and Cu 2p3/2=932.67 eV [M. P. Seah, Surf. Interface 
Anal. 14, 488 (1989)]. If these lines were used for calibra-
tion, the symbols Au, Ag or Cu indicate the respective 
lines. If an author used other values for these reference en-
ergies, the reported binding energies were adjusted to cor-
respond to the reference energies, the reported binding en-
ergies were adjusted to correspond to the reference ener-
gies listed here. The carbon 1s line (for hydrocarbon or hy-
drocarbon groups) has also been used to calibrate the bind-
ing-energy scale for XPS measurements with non-
conducting specimens; a binding energy of 284.8 eV has 
been assumed for this purpose. All energies are referred to 
the Fermi level.  
 

      Charge reference:  
Data for insulators are not included unless a technique for 
charge referencing was used that is believed to be valid. 
Some common methods are:  
 
Conductor (Cond):    the material is sufficiently conduct-
ing, either because of its nature or because it is sufficiently 
thin, and the reported energies do not require charge cor-
rection.  
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Gold (Au): gold vapor deposition method with the Au 4f7/2 
binding energy assumed to be 84.0 eV.  
 
Adventitious carbon (AC): use of the C 1s line of adven-
titious hydrocarbon on the specimen surface which is as-
sumed to have a binding energy of 284.8 eV. 
  
Internal hydrogen (IC): use of an internal hydrocarbon 
group of the specimen compound, with the same assumed 
binding energy (284.8 eV).  
 
Co-condensed hydrocarbon (CC):  a hydrocarbon was 
co-condensed with the vapor-deposited specimen and used 
as the charge reference with an assumed binding energy of 
284.8 eV.  
 
Argon (Ar):    implanted Ar with the Ar 2p line used as 
the charge reference. An energy value follows the symbol 
Ar. An average Ar 2p binding energy of 241.82 eV for Ar 
implanted in graphite has been recommended [C. J. Powell, 
Appl. Surf. Science 89, 141 (1995)]. The Ar 2p binding 
energy, however, will vary depending on the material in 
which the ions were implanted [P. H. Citrin and D. R. Ha-
mann, Phys. Rev. B 10, 4948 (1974)].  
 
Valence band minimum (VBMin):    The valence band 
minimum was used as a reference.  

 
 To view sample pages of this dedicated numerical data-
bank (web site) please refer to Fig. 21.  
 
Problems and Features Missing - NIST SRD-20 XPS v3.4  
This database suffers from most, if not all, of the inconsisten-
cies that troubles many old sources of numerical data-banks of 
BE numbers. This occurs because the database incorporated 
data measured by the using different calibration energies, dif-
ferent charge referencing values for the C 1s signal, various 
charge control methods and various analysis conditions on 
many different instruments. The degree of these problems is 
partially revealed by the data shown in Fig. 22. 
 Each data-file includes a category called Energy Uncer-
tainty, but a cursory review of 50 files revealed that only half 
had a value, and there is no indication as to whether the value 
is the total range or half of the range of uncertainty. 
 Under the category called Energy Scale Evaluation, the 
system uses the term “Reliable” defined above. The definition, 
as it is written, i.e. “…within 300 eV of a reference point on 
the energy scale…” suggests that any energy outside of that 
300 eV span should be suspect and may have a large degree of 
uncertainty especially when we recall the “separation in refer-
ence energies” is 849 eV as calculated from the difference 
between the energies of Cu 2p3/2 and Au 4f7/2 signals. 
 Under the definition for Energy Scale Evaluation, one 
sentence begins with:  “Literature data will not ordinarily be 
included unless correspondence with at least one point on this 
energy scale can be determined…” The indirect double nega-
tive wording suggests that some data will be included even if 
it does not have  “…at least one point on this energy scale…”. 

Fig. 22A 
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Figure 22. (A) Chart, (B) Histogram and (C) Box plot of the 
differences in BEs of “Recommended BEs” and “Mean BEs 
Derived from v 3.4 of the NIST SRD-20 XPS Database” for 
pure metals (2000-2003). Ref.4     
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 The General Information category is said to report the 
“overall energy resolution”. A review of 30 data-files for pure 
elements gave a null result. The definitions on the “Data Field 
Definitions” page do not include a definition of this category. 
 A cursory review of 30 data-files from conductors and 
insulators indicates that authors seldom report more than one 
reference energy and it seems they prefer to report either the 
Au 4f7/2 or C 1s BE as the sole source of energy calibration. 
 Under the Charge Reference category, the database re-
ports that gold (Au) deposition is accepted as a method for 
charge referencing insulators. Based on the work reported by 
Kohiki62, 63 the use of gold (Au) for charge referencing is not 
reliable since data derived from this method of charge refer-
encing was found to produce a large degree of uncertainty. 
  In the database, BEs for the Bi 4f7/2 signal of pure bis-
muth include the values:  157 eV, 157.1 eV and 157.12 eV 
from three different publications. The different number of 
decimal places contrasts the two decimal places reported for 
the calibration energies listed under “Method of energy scale 
calibration”:  Au 4f7/2=84.00 eV, Ag 3d5/2=368.27 eV, and Cu 
2p3/2=932.67 eV calibrants. At this time, there is no indication 
how the abovementioned BEs for the Bi 4f7/2 signal of pure 
bismuth were adjusted to the energy scale based on the cali-
brants. 
 The use of the C 1s BE = 284.8 eV for adventitious hy-
drocarbons is not discussed but is used to charge reference the 
thousands of BEs from non-conductive materials. There 
should be a reference to some literature work that justifies the 
use of this value, along with an appropriate uncertainty value. 
Based on the results shown in Table 8, the use of a 284.8 eV 
value might be wrong by as much as 0.6 eV for hydrocarbon 
moieties on naturally formed native oxides and by as much as 
0.2 eV for hydrocarbon moieties on metal surfaces freshly 
cleaned by ion etching in UHV.  
 The use of the term “adventitious hydrocarbon” implies 
the use of a chemical compound that is a pure hydrocarbon. 
Based on this author’s experience, “adventitious carbon” ma-
terials are always accompanied by an oxygen-bearing compo-
nent. We suggest that the phrase “adventitious hydrocarbon” 
be changed to “adventitious hydrocarbon moieties or compo-
nents” which better reflects the true nature of the carbon. 
 Version 3.4 provides a list of “Elemental Referenced 
Data” including a category called “Recommended binding 
energies for principal photoelectron lines (85 elements)”. 
These BEs are the result of correcting (scaling) the BEs ob-
tained from an instrument run by Prof. Martensson’s students 
at the University of Uppsala, Sweden.67-70  These recom-
mended BEs were compared to the mean BEs derived from the 
BEs of all available pure element BEs listed in v3.4 of the 
SRD-20 NIST XPS Database. The difference between these 
two sets of BEs, both provided in version 3.4, are plotted in 
the chart, box plot and histogram shown as Figures 22A-C.  
Approximately 40% of the difference values shown in the 
chart are ≥0.15 eV, which is significantly larger (7X) than the 
≤0.02 eV uncertainty attributed to the calibrant BEs32 listed in 
the Method of Energy-Scale Calibration.  

 Based on this fact, it is difficult to understand how to use 
the BEs of pure conductive elements provided by the NIST 
SRD-20 XPS database especially when all BEs values have 
been evaluated and corrections #1 through #3 have been ap-
plied as needed. 
 A publication by Dr. Powell65 (NIST) reports a detailed 
comparison of the BEs of pure elements originally published 
by JEOL, PHI, Crist and Martensson that provides extensive 
inter-comparisons of those BEs and a mean BE derived from 
those BEs. The comparison produced mean differences of 0.02 
and a standard deviation of 0.06. This result would make a 
useful addition to the Recommended BEs section. 
 Despite the problems and missing features, this dedicated 
numerical data-bank is useful as a guide for making chemical 
state assignments. If statistical analyses or histogram plots that 
indicate which BE is “most” accurate or most likely, were 
included then the reliability or usefulness of the BEs in this 
data-bank would be clear. 
 
LaSurface:  LaSurface Web Site - XPS  
[CNRS and Thermo Fisher Scientific] 
http://www.lasurface.com/xps/index.php   (2001)10 

Contents and Structure 
This web site provides spectra and numerical tables of BEs 
with reference citations. These BEs are derived from the same 
reference journals cited in the NIST SRD-20 XPS database2-4, 
two editions of the PHI Handbook of XPS5,6 and the books 
edited by Briggs and Seah7-8, most of which are due to the 
dedicated efforts of Dr. Wagner1.  
  This site provides a set of high energy resolution spectra 
obtained from non-monochromatic Mg Kα1,2 or Al Kα1,2 X-
rays. Roughly half of the high energy resolution spectra are 
overlays of the pure element form and its native oxide. The 
overlay include BEs of the metal and metal oxide peaks.  
  Two software applets provide IMFP plots and convert 
quantification percentages from atomic % to mass % and vice 
versa. The IMFP plots are based on the work of Seah and co-
workers at NPL. 
  The periodic table interface provides the RSF values cal-
culated by Dr. Scofield. 
  To view sample pages of this spectral-numerical data-
bank (web site) please refer to Fig. 23. 
 
Problems and Features Missing - LaSurface XPS Data-Bank 
The thousands of BEs in the tables of today’s XPS numerical 
data-banks were measured by many different analysts, who 
used various calibration energies, several reference energies 
for the C 1s signal on insulators, many different XPS instru-
ments under many different experimental conditions. As a 
result, this numerical data-banks suffers the same problems as 
most numerical data-banks.  
  Because those analysts normally ran each analysis only 
once, the repeatability, reproducibility, and uncertainty of the 
BEs in these data-banks are, in effect, poorly defined.  
 
 

Copyright © 2007 XPS International LLC 39 of 52 XPS Reports, 2007; Vol. 1: 1-52
  

http://www.lasurface.com/xps/index.php


B. Vincent Crist   A Review of XPS Data-Banks
  

 
 

 
 

 
 

 
 
 
Figure 23. Samples pages from the LaSurface web site of XPS 
data. Ref.10  http://www.lasurface.com/xps/index.php 
 

  The end result is that many numerical data-banks defeat 
the desired goal, and instead produce an inconsistent set of BE 
numbers that suffer from a significant degree of randomness. 
As a result, most numerical data-banks serve as rough guides 
to the determination of a chemical state. 
  This web site does not provide survey spectra, C 1s or the 
O 1s spectra that were probably collected at the same time as 
the metal spectra provided. None of the spectra are peak-fitted 
and there are no FWHM values that would be useful to help 
peak-fit non-monochromatic spectra. 
 
XI:  Handbooks of Monochromatic XPS Spectra  
(2004)44-48 

Vol 1:  The Elements and Native Oxides44 

Vol 2:  Commercially Pure Binary Oxides45 

Vol 3:  Semiconductors46 

Vol 4:  Polymers and Polymers Damaged by X-rays47 

Vol 5:  Rare Earth Oxides, Hydroxide, Carbonates,  
      Nitrides, Sulfides, Carbides, Borides & Misc.48 

Contents and Structure 
All 5 volumes are derived from the “XI Library of Mono-
chromatic XPS Spectra”66 and are self-consistent. Volumes 1, 
3 and 4, published by Wiley & Sons, were addressed in an 
earlier section. Only Volume 2 and 5 are discussed here. 
Sample pages from those two handbooks are displayed in Fig-
ures 25-28.  
  Volume 2, “Commercially Pure Binary Oxides”45 (480 
pages) contains atom % tables, survey spectra and high energy 
resolution spectra from the binary oxides, most of which were 
purchased from the Aldrich Chemical Company.  
  The reported bulk purity of each binary oxide was 
99.9+% based on ICP analyses done by Aldrich. A few oxides 
were obtained from other sources and were expected to have a 
bulk purity of more than 99+%. Pellets made from the powder 
form of the binary oxides were, in general, discovered to be 
conductive, but some were non-conductive. None of the spec-
tra in this volume were charge referenced.  
  Based on the results shown in Table 8, XPS International 
prefers to assign the C (1s) BE of the hydrocarbon component 
to be 285.0 eV and to use this BE value whenever charge ref-
erencing is applied. 
 Each set of correlated spectra includes: a survey spec-
trum, high energy resolution spectra from the principal metal 
signal, secondary metal signals, C 1s signal, O 1s signal, va-
lence band spectra and Auger signal spectra. Organization of 
the data sets is alphabetical, based on the name of the metal 
(Ag to Zr). The binary oxides include: AgO, Ag2O, Al2O3, 
As2O3, Au2O3, B2O3, BeO, Bi2O3, CaO, CdO, CoO, Co3O4, 
CrO3, Cr2O3, Cu2O, CuO, FeO, α-Fe2O3, γ-Fe2O3, Fe3O4, 
Ga2O3, GeO2, HfO2, HgO, In2O3, IrO2, MgO, MnO, Mn2O3, 
MoO3, Nb2O5, NiO, PbO, PbO2, PdO, PtO2-nH2O, Re2O7, 
Rh2O3, RuO2, Sb2O3, Sb2O5, Sc2O3, SiO, SiO2, SnO, SnO2, 
Ta2O5, TiO, Ti2O3, Tl2O3, VO2, V2O3, V2O5, WO3, Y2O3, ZnO 
and ZrO2. All narrow scan spectra are peak-fitted to reveal 
FWHM, peak asymmetry, and peak separation for spin-orbit 
pairs. The atom % composition table lists peak labels and 
atomic percentages of the main components. Details on the 
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analysis conditions used to produce each spectrum are in-
cluded along the sample description. 
 To view sample pages of this spectral-numerical data-
bank (handbook) please refer to Figures 25-26. 
  Volume 5 is titled “Rare Earth Oxides, Hydroxide, Car-
bonates, Nitrides, Sulfides, Carbides, Borides & Miscellane-
ous”,48 (551 pages). Each set of correlated spectra in this vol-
ume includes a survey spectrum, high energy resolution spec-
trum from the principal metal signal, secondary metal signals, 
C 1s signal, O 1s signal and the Auger signal. The compounds 
in this volume include: CeO2, Dy2O3, Er2O3, Eu2O3, Gd2O3, 
Ho2O3, Lu2O3, Pr6O11, Sm2O3, Tb3O7, Tm2O3, Yb2O3, 
Al(OH)3, Cd(OH)x, Co(OH)2, Cu(OH)2, FeO(OH), LiOH, 
Mg(OH)2, Ni(OH)2, (BiO)2CO3, CaCO3, CaCO3 (calcite), 
CdCO3, CuCO3, CuCO3-Cu(OH)2 (azurite), Li2CO3, MgCO3, 
MgCO3 (Magnesite), MnCO3 (rhodochrosite), PbCO3 (cerru-
site), SrCO3, Y2CO3, Y2CO3-LaB6, AlN, BN, CrN, Si3N4, 
TiN, Ag2S (argentite), As2S2 (realgar), As2S3 (orpiment), CuS 
(covellite), FeS2 (pyrite), HgS (cinnabar), MoS2 (molyb-
denite), PbS (galena), TaS2, ZnS, NbC, TaC, VC, Ni3B, WB, 
BaOAc. RbOAc, cleaning solution, heat treated copper foil, 
copper phenyl cyanine, double sided adhesive tape (3M™), 
jewelry, Loctite™ #414, Loctite™ #493, mold release agent, 
silicone remover agent, tin plated wire, Black Widow spider 
web, borosilicate glass, Pyrex™ glass and soda-lime glass.  
 
 

 
 

 
 
Figure 24. Sample pages from XI volume 4 “Handbooks  
of Monochromatic XPS Spectra - Polymers and Polymers  
Damaged by X-rays” (2004) showing stepwise degradation  
of poly-vinylidene fluoride (PVDF) during a 14 hr run. Ref.47 

 

 

 
 

 
 

 
 

 
 
Figure 25. Sample pages from XI volume 2 “Handbooks of 
Monochromatic XPS Spectra - Commercially Pure Binary  
Oxides” (2004). Ref.45 
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Figure 26. Sample pages from XI volume 2 “Handbooks of 
Monochromatic XPS Spectra - Commercially Pure Binary  
Oxides” (2004). Ref.45 

 
 

 
 

 
 

 
 

Figure 27. Sample pages from XI volume 5 “Handbooks of 
Monochromatic XPS Spectra - Rare Earth Oxides, Hydroxides, 
Carbonates, Nitrides, Sulfides and Misc.” (2004). Ref.48 
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Figure 28. Sample pages from XI volume 5 “Handbooks of 
Monochromatic XPS Spectra – Rare Earth Oxides, Hydrox-
ides, Carbonates, Nitrides, Sulfides and Misc.” (2004). Ref.48  

 

  This version of “Polymers and Polymers Damaged by X-
rays”47 includes a series of overlaid spectra (Fig. 24) that 
show the stepwise changes that occur during an overnight 
degradation study.19-22  
  To view sample pages of these 5 spectral-numerical data-
banks (handbook) please refer to Figures 24-28. 
 
Problems and Features Missing - Volumes 1 through 5 
There are no chemical state assignments on any of the spectra  
in these 5 volumes. The polymer handbook does not provide 
chemical structures of the monomers and does not give the 
change in atomic % at the end of the damage study. Several of 
the binary oxides, reported to be 99+% commercially pure, 
were actually mixtures within the information depth of XPS. 
 
XI:  PDF – Handbooks of Monochromatic Spectra 
Vol. 2 – Commercially Pure Binary Oxides   (2005)49 

Contents and Structure 
This PDF is a spectral data-bank (16 MB) 970 pages in length 
with an extensive set of hyper-links to jump from page to 
page. The opening page provides links to two periodic tables 
interfaces, a table of contents interface and the legend. The 
legend is highly detailed and explains both the content of the 
spectra pages and what the hyper-links do. On each page with 
spectra there are hyper-links (Fig. 29) to help the user navigate 
within a set of correlated spectra.  

 
Figure 29. Hyper-links shown on each spectrum page to help 
with navigation. 
 
 In addition to binary oxides, this PDF includes spectra 
from related metal hydroxides and metal carbonates and 
thereby form a useful tool to researchers who study corrosion 
and the interconversion of oxides, hydroxides and carbonates. 
 The PDF is organized alphabetically based on chemical 
formula abbreviation (Ag to Zr) and offers >900 spectra from 
100 oxides and related compounds: AgO, Ag2O, Al2O3, 
AlOOH, Al(OH)3, As2O3, Au2O3, B2O3, BeO, Bi2O3, 
(BiO)2CO3, CaO, CaCO3, CdO, Cd(OH)2, CeO2, CdCO3, 
CoO, Co3O4, Co(OH)2, CrO3, Cr2O3, Cu2O, CuO, Cu(OH)2, 
CuCO3, Dy2O3, Er2O3, Eu2O3, FeO, α-Fe2O3, γ-Fe2O3, Fe3O4, 
FeO(OH), Ga2O3, Gd2O3, GeO2, HfO2, HgO, Ho2O3, In2O3, 
IrO2, K2O, La2O3, Li2O, LiOH, Li2CO3, Lu2O3, MgO, 
Mg(OH)2, MgCO3, MnO, MnO2, Mn2O3, MnCO3, MoO3, 
Na2O, NbO, NbO2, Nb2O5, NiO, Ni(OH)2, PbO, PbO2, PbCO3 
PdO, Pr6O11, PtO2-nH2O, Re2O7, Rh2O3, RuO2, Sb2O3, Sb2O5, 
Sc2O3, SiO, SiO2, Si(OH)4, Sm2O3, SnO, SnO2, SrO, SrCO3, 
Ta2O5, Tb3O7, ThO2, TiO, Ti2O3, Tl2O3, Tm2O3, VO2, V2O3, 
V2O5, WO3, Y2O3, Y2(CO3)3, Yb2O3, ZnO and ZrO2.  
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 Most of the binary oxides, hydroxides and carbonates 
were purchased from the Aldrich Chemical Company. Several 
of the rare earth oxides were obtained from the Rare Earth 
Materials company in Japan. The reported bulk purity of each 
compound was typically 99.99+% based on ICP analyses done 
by Aldrich. Lot numbers are provided to allow checking on 
the ICP results. Ten oxide samples are natural minerals.     
  Because the spectra are derived from the XI Library of 
Monochromatic XPS Spectra,66 this PDF handbook offers self-
consistent spectra that provide reliable BEs. 
 The initial pages of the PDF include a table of contents, 
32 pages of information discussing organization, contents, 
peak-fitting methods, charge compensation and a detailed re-
port on the instrument behavior and analysis conditions used. 
The reference energies for spectra collected after January 1993 
are: Cu 2p3/2 = 932.67eV ±0.05, Cu 3s = 122.45eV ±0.05 and 
Au 4f7/2 = 83.98eV ±0.05.  
 Based on the data shown in Table 8, all peaks were 
charge referenced to the C 1s BE of hydrocarbon components 
at 285.0 eV. Pressed pellet form of many oxides was found to 
be conductive, so the low voltage electron flood gun was not 
used. It was discovered that the oxides dark in color (black, 
brown, blue, green and red) were conductive when pressed 
into pellets. Those oxides that were pale red, pink, yellow, 
white or transparent behaved as true insulators (Fig. 30). 
 

.  
 

Figure 30. Periodic table of chemicals depicting which of the 
colored oxides and hydroxides behave conductively or non-
conductively after pressing the powder into a pellet. 
 
 Each set of correlated spectra includes a survey spectrum, 
high energy resolution spectra of the primary metal signal, a 
secondary metal signal, the C 1s signal, O 1s signal, valence 
band spectra and Auger signal.  
 Each spectrum page includes a summary of the atomic %, 
chemical state assignments, peak BEs, FWHM, BE difference 
between spin-orbit pairs and other details. 
 The opening page of each data set is a report of all peak 
energies and assignments for the main XPS signals, energy 
loss peaks, Auger peaks and atom %. A description of any 
special analysis conditions is provided.  
 To view sample pages of this spectral-numerical data-
bank (handbook) please refer to Figures 30-32. 

 
 

 
 

 
 

 
 
Figure 31. Sample pages from the XI PDF version of the 
“Handbooks of Monochromatic Spectra Vol. 2 – Commercially 
Pure Binary Oxides” (2005). Ref.49 
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Figure 32. Sample pages from the XI PDF version of the 
“Handbooks of Monochromatic Spectra Vol. 2 –  
Commercially Pure Binary Oxides” (2005). Ref.49 

 

Problems and Features Missing – XI PDF Volume 2 
The C 1s peak BE for some of the non-conductive materials is 
slightly less than the target BE of 285.0 eV. Various abbrevia-
tions used in the sample description require the reader to re-
view the abbreviations list in the introduction section. There 
are no chemical state or electronic state labels on the valence 
band spectra. Nearly all of the rare earth oxides are reported to 
have significant amounts of adsorbed water and/or CO2 as an 
explanation of the O 1s peaks between 531-533 eV. The 
chemical state nature of various peaks are not identified, and a 
fair number of the oxides are reported to be contaminated with 
small amounts of the corresponding metal carbonate or hy-
droxide. 
 
RECOMMENDATION 
 
XPS instruments are still expensive tools to run and maintain, 
and are relatively slow to collect spectra, so many instrument 
owners and operators find it necessary to spend a minimum 
amount of time collecting spectra or maintaining energy scale 
calibration. In spite of these cost and time factors, we all need 
BEs and spectra that are not only reliable, but also reproduci-
ble so we can produce accurate and reliable information for 
the companies and universities that we work for, in turn, justi-
fying the ongoing cost of operating the XPS instruments.  
 Most of our current resources of BEs and spectral data in 
various data-banks have one or more problems with energy 
scale calibration. A natural question is:  What can be done to 
fix this problem?  The answer might be:  It is difficult, if not 
impossible, to correct the existing tables of BEs. We should 
look forward and develop a system that in effect forces the 
authors to submit spectra with a truly sufficient number of 
calibration spectra measured on the same day as the material 
of interest. 
 An international group of XPS experts and specialists 
have been working together, under the ISO umbrella, for the 
past 10 years to develop international documentary standards 
designed to produce reliable BE numbers and spectral data, 
but they are not policemen who can force the authors to meas-
ure calibration spectra, so another path needs to be found. 
 The ISO effort represents Phase 1 of an international plan 
to produce XPS spectra and BEs that are reliable enough to 
help future scientists and engineers to produce more advanced 
materials and solve more difficult problems by having and 
using reliable and reproducible XPS spectra and BEs. 
 Phase 2 of this plan is to promote the use of ISO stan-
dards by publishing short reports about the existence of stan-
dards that can help us move forward to our goals. Promoting 
the use of any documentary standard, such as energy scale 
calibration, by publishing summaries is relatively easy to do 
but does not guarantee that progress will be made, i.e. the ex-
istence of a standard without a means to encourage it to be 
used often produces a negative result or zero action according 
to Newton. 
 To make measurable progress toward our goals we need 
instrument owners, who publish XPS spectra or BEs, to spend 
a relatively short amount of time to maintain (i.e. record, 
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document, track and correct) the BE scale of their instruments 
once or twice per month. This can be done in a very simple 
manner by using a piece of copper (Cu) foil and measuring the 
Cu 2p3/2 and Cu 3p3/2 BEs under high energy resolution condi-
tions after removing the surface contamination by either argon 
ion etching or severe physical scraping in the air immediately 
prior to loading. Because energy scales can vary with pass 
energy settings, spectra need to be collected from at least two 
high energy resolution pass energy settings. The high energy 
resolution spectra from these 4 measurements need to be 
stored digitally and on paper with the peak-fitted results on a 
monthly basis.  
 Phase 3 is to establish a system of verification. Because 
journals are the major source of spectra and BEs, and because 
everyone is focused on other details, we need a system that 
strongly encourages the authors of a publication to include a 
verifiable summary of the energy scale calibration that sup-
ports the BEs or spectra to be published. This system could be 
connected to or the responsibility of the editors of the journal, 
the peer reviewing members or an independent body that is 
paid to certify that the energy scales have indeed been rou-
tinely maintained and recorded.  
 This author recommends the latter solution as the most 
likely to achieve the desired results.  
 The author also recommends that a user-editor sponsored 
independent body would serve the needs and financial inter-
ests of large corporations, research institutes and universities 
by providing verifiable calibration records for each instrument 
that is registered. Each publication in a journal would require 
a verification number that validates the energy scale calibra-
tion of that particular instrument. Because this system would 
benefit all who use it, it is natural to ask the authors, editors 
and journal subscribers to sponsor the cost.  
 
FUTURE DATA-BANKS 
 
Because XPS spectra provide very useful information about 
the surface or bulk of a material, XPS has been a useful tool 
kept busy once installed. Therefore, it is extremely valuable to 
all concerned that all future spectra be collected using condi-
tions that can be reproduced by different scientists in different 
laboratories using a similar but different XPS instrument.  
 At this time, the most valuable parameter in any current or 
future XPS data-bank is the BE of the peak maximum because 
it effectively identifies the chemical state attributed to that 
peak BE.  
 Peakwidth (FWHM) is next in line of value because 
FWHMs can be used to reveal the presence or absence of vari-
ous chemical states in high or low abundance.  FWHM is also 
a key parameter for discerning relative abundances. 
 We can produce reliable BEs and FWHMs from now if 
we check and correct energy scale calibration on the same day 
that we collect spectra to be used within a company or pub-
lished in scientific journals. 
 To establish the accuracy of the energy scale of an in-
strument, the author of a work or a publication must collect or 
request a minimum set of spectra that reveal the calibration of 

the energy scale (e.g. BEs of the Cu 2p3/2 and Cu 3p3/2 peaks) 
at the same settings used to collect the target spectra, and most 
importantly on the same day. For the benefit of the user, the 
author must also establish the energy resolution conditions of 
the instrument by supplying a FWHM of a suitable reference 
peak (e.g. Ag 3d5/2) to be reproduced on the reader’s XPS in-
strument because the pass energy settings on different instru-
ments do not produce the same FWHM as the author’s instru-
ment. 
 In the building of future data-banks, it is not practical to 
collect spectra under ultimate energy resolution conditions. In 
fact, it is detrimental because the cost and time needed to col-
lect such spectra may be too great to the laboratory that tries to 
produce research grade spectra and the laboratory that tries to 
reproduce it. This reveals the fact that the number of spectra 
available from a universal XPS data-bank will be connected to 
the time spent to collect the spectra. 
 To minimize random and systematic errors in our future 
data-bank, we need a standard set of analysis conditions that 
must be used for spectra to be accepted into the data-bank. 
These conditions must not be overly constraining, but must be 
able to minimize the entry of spectra into the data-bank that 
are of little value to those who need to use the spectra.  This is 
a task for the ISO TC/201 sub-committee on Surface and 
Chemical Analysis. For example, survey spectra in our future 
data-bank should have step sizes ranging from 1 to 2 eV per 
step. High energy resolution spectra should have step sizes 
between 0.05 eV/step and 0.15 eV/step. High energy resolu-
tion analysis conditions should produce a FWHM for the Ag 
3d5/2 peak between 0.60 to 0.75 eV. The angle between the 
primary axis of the electron collection lens and the plane of 
the sample should be between 70 to 80 for bulk analyses. The 
first spectrum to be run should be either the C 1s or O 1s spec-
trum, and that same spectrum must be measured again at the 
end of the run to check for sample degradation during analy-
sis. The time that the sample is exposed to vacuum and X-rays 
before collecting spectra should be recorded. Calibration en-
ergy spectra must be recorded on the same day that the mate-
rial is analyzed. Calibration energy spectra must be submitted 
with the target spectra. And perhaps most importantly, is the 
need to document the parameters used and the results pro-
duced. 
 Another very important variable to address is surface 
charging during analysis. This is a serious issue because most 
of the materials analyzed by XPS are insulators, and many 
users do not have a reliable or reproducible method for charge 
compensation.  The problem here is that charging is still not 
well understood and methods to determine if the charge is well 
controlled are not yet available.  On top of that, we still use 
various values for the C 1s BE of the hydrocarbon (moiety) 
component and we still don’t know what chemical nature of 
adventitious carbon as it exists on various chemically different 
materials.  
 Non-conductive materials must be charge referenced to a 
single BE attributed to the C 1s peak of hydrocarbon compo-
nents. The best number to use for charge referencing BEs 

Copyright © 2007 XPS International LLC 46 of 52 XPS Reports, 2007; Vol. 1: 1-52
  



B. Vincent Crist   A Review of XPS Data-Banks
  

from non-conductive materials has been extensively studied 
but not yet defined. 
 The following tables (Tables 16-20) list some of the 
analysis conditions, content, examples and guides that might 
be used to build a universal XPS data-bank.  
 For convenience, figures 33-36 show the covers of the 
books and handbooks reviewed in the publication. 
 
Table 16. Recommended analysis conditions. 
 
• Auger signal:  100 eV window 
• Damage check: repeat C 1s or O 1s spectrum 
• Date of reference energy check: same date  
• Electron take-off-angle for bulk info: 70-80 
• Electron take-off-angle for surface info: 10-15 
• Energy loss signal: 100 eV window 
• FWHM of Ag 3d5/2 for high E res: 0.60 – 0.75 eV 
• Pre-analysis exposure to UHV time:  X minutes 
• Primary XPS signal step size: 0.05-0.15 eV/step 
• Primary XPS signal:    20 to 30 eV window 
• Survey spectrum:    -10 to 1400 eV range  
• Survey step size: 1-2 eV/step 
• Valence band spectrum:   -10 to +40 eV range  

 
Table 17. Essential content of an XPS data-bank. 
 
• Auger signal spectra 
• Calibration drift chart  
• Calibration spectra 
• Chart of BE as a function of pass energy 
• Chemical structure drawings with detailed labeling 
• Close-up photo of sample surface 
• Color photographs of the sample at low and high optical 

magnification  
• Date of last calibration check  
• Date of last calibration correction  
• Date spectra collected  
• Degree of degradation report 
• Detailed descriptions of instrument and angles 
• Detailed descriptions of the data processing treatments 
• Detailed descriptions of the experimental analysis condi-

tions for each spectrum 
• Detailed descriptions of the sample, its history and any 

sample treatments 
• Detailed report of the instrument calibration 
• Distance between anode and sample surface 
• Extensive cross-referencing 
• FWHM as a function of pass energy chart 
• Include data from “clean” and “as-received” surfaces 
• Internal energy shifts between O 1s and metal peaks 
• List of problems experienced during the analysis  
• Minimum quality levels for the admission of data 
• Need FWHM of Ag obtained at same PE 
• Repeat measure of O 1s and C 1s signals at end of run 

• Repeat of survey spectrum near end of run 
• Peak-fit results shown on spectra 
• Peer review of each set of spectra 
• Photograph of whole sample as mounted 
• Photos of instrument 
• Practical grade spectra from monochromatic X-rays 
• Reference FWHM of Ag 3d5/2 peak at same pass energy 
• Repeat check of C 1s or O 1s to check charge drift 
• Repeat check of C 1s or O 1s to check damage 
• Run chart of reference BEs 
• S/BG ratio  
• Schematic drawing of instrument 
• Serial number of the instrument  
• Sets of correlated spectra only 
• S/N values that define data quality 
• Spectra from reference materials used for energy and 

intensity scale calibrations 
• Spectra with practical levels of energy resolution 
• Spectra with practical levels of signal/noise ratios  
• Statistics on validity of the spectral data 
• Tables of numerical data obtained by routine processing 

of the spectra 
• Temperature of surface during analysis  
• Valence band spectra 
Table 18. Data-banks should include examples of:  

 
• Analyzer problems 
• Angle-resolved analyses  
• Atom % quantification tests 
• Bad data 
• Charge control studies  
• Charging problems 
• Contamination studies  
• Damage/degradation studies 
• Depth profiles  
• Detector problems 
• Effects of varying experimental analysis conditions 
• Examples of peak overlaps 
• Ghost signals 
• Imaging of small and large areas 
• Instrument performance studies 
• Line profiles 
• Mapping small and large areas 
• Noise problems 
• Source problems 
• Transmission function tests  
 
 
Table 19. Variables useful to guide peak-fitting. 
 
• Energy spacing of related components 
• Gaussian : Lorentzian (G/L) peak-shapes ratio 
• Peak area ratios of related components 
• Peakwidth (FWHM) 
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Table 20. Quality of charge control indicators 
 
• BE of C 1s shifted 3-4 eV below 285 eV 
• FWHM of hydrocarbon C 1s peak 
• FWHM of O 1s peak 
• FWHM of primary metal peak 
• Hydrocarbon C 1s FWHM < 1.0 eV excellent 
• Hydrocarbon C 1s FWHM < 1.3 eV best 
• Hydrocarbon C 1s FWHM < 1.8 eV acceptable 
• Oxide O 1s FWHM < 1.0 eV excellent 
• Oxide O 1s FWHM < 1.3 eV best 
• Oxide O 1s FWHM < 1.8 eV acceptable 
• Shoulders on lower BE side absent or present 
 
 
 Based on this author’s expectation, the most useful data-
banks will be those that include extensive, organized collec-
tions of raw or processed sets of correlated spectra produced 
in a self-consistent manner while reporting both Cu 2p3/2 and 
Au 4f7/2 peak BEs measured on the same day as defined in the 
ISO document standard (ISO #15472).  As an internal check, 
the peak BE of the Cu 3p3/2 signal should also be reported. 
 
SUMMARY 
 
 We have outlined and critically reviewed the specific con-
tent and structure of several XPS data-banks with the goal of 
learning how to improve existing data-banks and develop bet-
ter, more reliable future data-banks that include reproducible 
spectra as well as tables of reproducible BEs, FWHMs and 
other numbers. 
 General and specific details about XPS data-banks and 
some of the basic features and problems in numerical and 
spectral and numerical data-banks, that are available to the 
public, have been reviewed. 
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    Figure 33. Cover pages of books and handbooks dis-
cussed in this review. 

Figure 34. Cover pages of books and handbooks discussed in 
this review. 
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Figure 35. Home pages of (A) NIST “SRD-20 XPS Database” 
v3.4 and (B) SASJ. Ref.4 ; Opening pages of PDF versions of 
(C-D) Volumes 1 and 2 of the XI “Handbooks of Monochro-
matic XPS Spectra.”  Ref.40, 48   
 Feb 

Figure 36. (A) Binder nameplates of the XI “Handbooks of 
Monochromatic XPS Spectra – Volumes 1-5” (2004). Ref.44-48; 
(B) Cover page of the PDF version of “The XPS of Polymers 
Database”, and (C) Home page of the AVS journal of “Surface 
Science Spectra” (1993-2006). Ref.38
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Figure 38. XI Periodic Table of “Binding Energies of Carbon Species Which Appeared Under Vacuum After Cleaning 
with an Argon Ion Beam” © 2007 XPS International LLC. Ref.39   (Hhttp://www.xpsdata.com/carbide_BEs_v2.htm.htmH)  

Figure 37. XI Periodic Table of “Fundamental XPS Data from Pure Elements, Pure Oxides and Chemical Compounds”  
© 2007 XPS International LLC. Ref.39   (Hhttp://www.xpsdata.com/fundxps.htmH)  
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