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Preface

X-ray Photoelectron Spectroscopy (XPS), also known as Electron Spectroscopy for Chemical Analysis (ESCA), is wide-
ly used to investigate the chemical composition of surfaces. The use of XPS in analytical laboratories throughout the
world attests to the problem-solving capability of this technique. The ability to explore the first few atomic layers and
assign chemical states to the detected atoms has shown XPS to be a powerful addition to any analytical laboratory.

A great deal of information has been published on the principles of the technique and the diverse range of applications
for which it is used. Volumes of XPS spectra exist in the scientific literature, and international committees are estab-
lishing databases with reference spectra that will be made available to the general public. It is not the authors’ intent to
exclude these spectra or to ignore these databases. Rather the intent is to assemble a concise volume of standard spectra
to aid in the identification of XPS data. /

The previous version of this handbook, published in 1978, contained data acquired with a cylindrical mirror analyzer
(CMA). Since that time, our XPS hardware has evolved. We currently use a spherical capacitance analyzer (SCA) in
conjunction with improved detector technology and the choice of either a high-performance Al x-ray monochromator or
an achromatic Mg/Al dual anode x-ray source. This handbook is an update of the previous handbook with data acquired
using our current SCA, which has a transmission function different from that of a CMA, and both monochromatic and
achromatic x-ray sources. In addition, data are included from several elements not contained in the previous handbook.
This handbook is meant to serve as a guide and reference work for the identification, quantification, calibration and
interpretation of XPS spectra for users of Perkin-Elmer XPS systems equipped with SCAs and Omni Focus™ lenses. It
is the authors’ hope that this handbook will play a useful role in the practice of XPS.

Perkin-Elmer Corporation
Physical Electronics Division
October 1992
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Handbook of X-ray Photoelectron Spectroscopy

A. Introduction

X-ray Photoelectron Spectroscopy (XPS) was developed in the
mid-1960s by Kai Siegbahn and his research group at the
University of Uppsala, Sweden. The technique was first known
by the acronym ESCA (Electron Spectroscopy for Chemical
Analysis). The advent of commercial manufacturing of surface
analysis equipment in the early 1970s enabled the placement
of equipment in laboratories throughout the world. In 1981,
Siegbahn was awarded the Nobel Prize for Physics for his
work with XPS.

This handbook is meant to furnish the user with much of the
information necessary to use XPS for diverse types of surface
analysis. Information is provided on methods of sample
preparation, data gathering, elemental identification, chemical
stale identification, quantitative calculation and elemental dis-
tribution.

Surface analysis by XPS involves irradiating a solid in vacuo
with monoenergetic soft x-rays and analyzing the emitted
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electrons by energy. The spectrum is obtained as a plot of the
number of detected electrons per energy interval versus their
kinetic energy. Each element has a unique spectrum. The
spectrum from a mixture of elements is approximately the
sum of the peaks of the individual constituents. Because the

mean free path of electrons in solids is very small, the
detected electrons originate from only the top few atomic

layers, making XPS a unique surface-sensitive technique for
chemical analysis. Quantitative data can be obtained from
peak heights or peak areas, and identification of chemical
states often can be made from exact measurement of peak

positions and separations, as well as from certain spectral fea-
tures.

Included in this handbook are survey spectra, strong line
spectra and x-ray excited Auger spectra for most of the ele-
ments and some of their compounds, in addition to plots and
tables of energy shift data which aid in the identification of
chemical states.



B. Principles of the Technique

B. Principles of the Technique

Surface analysis by XPS is accomplished by irradiating a
sample with monoenergetic soft x-rays and analyzing the energy
of the detected electrons. Mg Kot (1253.6 eV) or Al Ko. (1486.6
eV) x-rays arc usually used. These photons have limited
penetrating power in a solid on the order of 1-10 micrometers.
They interact with atoms in the surface region, causing electrons
to be emitted by the photoelectric effect. The emitted electrons
have measured kinetic energies given by:

KE = hv - BE - ¢ (1)

where hv is the energy of the photon, BE is the binding energy
of the atomic orbital from which the electron originates, and ¢,
is the spectrometer work function.

The binding energy may be regarded as the energy difference
between the initial and final states after the photoelectron has
left the atom. Because there is a variety of possible final states
of the ions from each type of atom, there is a corresppnding
variety of kinetic energies of the emitted electrons. Moreover,
there is a different probability or cross-section for each final
state. Relative binding energies and ionization cross-sections for
an atom are shown schematically in Figure 1. The Fermi level
corresponds to zero binding energy (by definition), and the
depth beneath the Fermi level in the figure indicates the relative
energy of the ion remaining after electron emission, or the bind-
ing energy of the electron. The line lengths indicate the relative
probabilities of the various ionization processes. The p, d and f
levels become split upon ionization, leading to vacancies in the
Pins Pns dany dsp, T and fp. The spin-orbit splitting ratio is 1:2
for p levels, 2:3 for d levels and 3:4 for f levels. As an example,
the spin-orbit splitting of the Si 2p is shown in Figure 2.

Because each element has a unique set of binding energies, XPS
can be used to identify and determine the concentration of the
elements in the surface. Variations in the elemental binding
energies (the chemical shifts) arise from differences in the
chemical potential and polarizability of compounds. These
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Figure I. Relative binding energies and ionization cross-sections for U. The
binding energy is proportional to the distance below the line indicating the
Fermi level, and the ionization cross-section is proportional to the length of
the line.
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Figure 2. High-resolution spectrum of single-crystal Si showing the spin-orbit
splitting of the 2p level.

chemical shifts can be used to identify the chemical state of the
materials being analyzed.

In addition to photoelectrons emitted in the photoeleciric
process, Auger electrons may be emitted because of mlaxan'on‘
of the excited ions remaining after photoemission. This Auger
electron emission occurs roughly 107 seconds after the
photoelectric event. The competing emission of a fluorescent x-
ray photon is a minor process in this energy range. In the Auger
process (Figure 3), an outer electron falls into the inner orbital
vacancy, and a second electron is simultaneously emitted, carry-
ing off the excess energy. The Auger electron possesses kinetic
energy equal to the difference between the energy of the initial
ion and the doubly charged final ion, and is independent of the
mode of the initial ionization. Thus, photoionization normally
leads to two emitted electrons — a photoelectron and an Auger
electron. The sum of the kinetic energies of the electrons
emitted cannot exceed the energy of the ionizing photons.

Probabilities of electron interaction with matter far exceed those
of the photons, so while the path length of the photons is of the
order of micrometers, that of the electrons is of the order of tens
of angstroms. Thus, while ionization occurs to a depth of a few
micrometers, only those electrons that originate within tens of

Perkin-Elmer Corporation
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Figure 3. The XPS emission process (top) for a model atom. An incoming
photon causes the ejection of the photoelectron. The relaxation process (bot-
tom) for a model atom resulting in the emission of a KLyL,; electron. The
simultaneous two-electron coulombic rearrangement results in a final state
with two electron vacancies.

angstroms below the solid surface can leave the surface without
energy loss. These electrons which leave the surface without
energy loss produce the peaks in the spectra and are the most
useful. The electrons that undergo inelastic loss processes before
emerging form the background. Calculations of the inelastic
mean free paths of electrons in various materials are shown in
Figure 4.
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C. Preparing and Mounting Samples

The electrons leaving the sample are detected by an electron
spectrometer according to their Kinetic energy. The analyzer is
usually operated as an energy window, referred to as the pass
energy, accepting only those electrons having an energy within
the range of this window. To maintain a constant energy resolu-
tion, the pass energy is fixed. Incoming electrons are adjusted to
the pass energy before entering the energy analyzer. Scanning
for different energies is accomplished by applying a variable
electrostatic field before the analyzer. This retardation voltage
may be varied from zero up to and beyond the photon energy.
Electrons are detected as discrete events, and the number of
electrons for a given detection time and energy is stored and
displayed.

an Free Path (A)

Tnelastic Me
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Figure 4. Caleulated inelastic electron mean free paths in various metals from

the method of S. Tanuma, C.J. Powell and D.R. Penn, Surf. Interface Anal.
17,911 (1991).

C. Preparing and Mountiﬂg

In the majority of XPS applications, sample preparation and
mounting are not critical. Typically, the sample is mechanically
attached to the specimen mount, and analysis is begun with the
sample in the as-received condition. Additional sample prepara-
tion is discouraged in many cases because any preparation
might modify the surface composition. For those samples where
special preparation or mounting cannot be avoided, the follow-
ing techniques are recommended.

1. Removing Volatile Material

Ordinarily, volatile material is removed from the sample
before analysis. In exceptional cases, when the volatile
layer is of interest, the sample may be cooled for
analysis. The cooling must be to a sufficiently low
temperature to guarantee that the volatile element is not
warmed to evaporation by any heat load that the analysis
conditions may impart.

12

Samples

Removal of unwanted volatile materials is usually ac-
complished by long-term pumping in a separate vacuum
system or by washing with a suitable solvent. Use fresh-
ly distilled solvent to avoid contamination by high boil-
ing point impurities within the solvent. Choice of the
solvent can be critical. Hexane or other light hydrocar-
bon solvents are probably least likely to alter the surface,
providing the solvent properties are satisfactory. Samples
may also be washed efficiently in a Soxhlett extractor
using a suitable solvent.

2. Removing Nonvolatile Organic Contaminants
When the nature of an organic contaminant is not of in-
terest or when a contaminant obscures underlying
material that is of interest, the contaminant may be
removed with appropriate organic solvents. As with
volatile materials, the choice of solvent can be critical.

Perkin-Elmer Corporation
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3. Surface Etching

Jon sputter-etching or other erosion techniques, such as
the use of an oxygen plasma on organic materials (see
Section E5.a.(3), p. 27), may be used to remove surface
contaminants. This technique is particularly useful when
removing adventitious hydrocarbons from the sample or
when the native oxides, formed by exposure to the at-
mosphere, are not of interest.

Argon ion etching is commonly used to obtain informa-
tion on composition as a function of the exposure time
to ion etching. Calibration of the sputter rates can be
used to convert sputter time to information on depth into
the specimen. Because sputtering may cause changes in
the surface chemistry, identification of the changes in
chemical states with depth may not reflect the true com-
position.

4. Abrasion

Abrasion of a surface can be done without significant
contamination by using a laboratory wipe, a cork, a file
or a knife blade. This may cause local heating, and reac-
tion with environmental gases may occur (e.g., oxidation
in air and formation of nitrides in nitrogen). To prevent
oxidation of more active materials, perform abrasion in
an inert atmosphere such as a glove box. The abraded
material should then be transferred to the ultra-high
vacuum (UHV) chamber in a sealed vessel to preserve
the clean surface.

5. Fracturing and Scraping

With proper equipment, many materials can be fractured
or scraped within the test chamber under UHV condi-
tions. While this obviates contamination by reaction with
atmospheric gases, attention must be given to unex-
pected results which might occur. Fracturing might occur
along the grain boundaries which may not be repre-
sentative of the bulk material. Scraping can cover hard
material with soft material when the sample is multi-
phase.

Perkin-Elmer Corporation @
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6. Grinding to Powder

If spectra characteristic of bulk composition are desired,
samples may be ground to a powder in a mortar. Protec-
tion of the fresh surfaces from the atmosphere is re-
quired. When grinding samples, localized high tempera-
tures can be produced, so grinding should be done slow-
ly to minimize heat-induced chemical changes at the
newly created surfaces. The mortar should be well
cleaned before reuse.

7. Mounting Powders for Analysis

There are a number of methods which can be used to
mount powders for analysis. Perhaps the most widely
used method is dusting the powder onto a polymer-based
adhesive tape with a camel-hair brush. The powder must
be dusted across the surface carefully and lightly, with
no wiping strokes. Some researchers shun organic tape
for UHV work, but others have successfully used certain
types of tape in the 10'° Torr range.

Alternative methods for mounting powders include
pressing the powder into indium or other soft foils, sup-
porting the powder on a metallic mesh, pressing the
powder into pellets or simply depositing the powder by
gravity. With the foil method, the powder is pressed be-
tween two pieces of pure foil. The pieces are then
separated, and one of them is mounted for analysis. Suc-
cess with this technique has been varied. Sometimes
bare foil remains exposed and, if the sample is an in-
sulator, parts of the powder can charge differently. Dif-
ferential charging can also be a problem when a metallic
mesh is used to support the powder. If a press is used to
form the powder into a pellet of workable dimensions, a
press with hard and extremely clean working surfaces
should be used. Gravity can effectively hold some
materials in place, particularly if a shallow well or
depression is cut in the surface of the sample mount.
Allowing a liquid suspension of the powder to dry on
the specimen holder is an effective way of producing a
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uniform layer. With these methods, care must be taken in
pump-down to ensure that gas evolution does not disturb

Handbook of X-ray Photoelectron Spectroscopy

the sample. A throttled roughing valve is especially ef-
fective.

D. Experimental Procedure

14

1. Technique for Obtaining Spectra

All spectra in this handbook were obtained using a PHI
Model 5600 MultiTechnique system. A schematic
diagram of the apparatus (Figure 5) illustrates the
relationship of major components, including the electron
energy analyzer, the x-ray source, and the ion gun used
for sputter-etching. The Model 10-360 Electron Energy
Analyzer incorporated into the 5600 is an SCA, and the
mnput lens to the analyzer is an Omni Focus III lens. The

excitation sources used were a Model 10-550 x-ray d

source with a Model 10-410 monochromator and a
Model 04-548 dual-anode source which was used with ‘a
magnesium anode. All of the spectra in the handbook
were taken with the x-ray source operating at 400 W (15
kV - 27 mA). The specimens were analyzed at an
electron take-off angle of 70°, measured with respect to
the surface plane. The monochromatic x-ray source is lo-
cated perpendicular to the analyzer axis, and the stand-
ard x-ray source is located at 54.7° relative to the
analyzer axis.

In the PHI Model 5600 MultiTechnique system, energy
distribution, energy resolution and analysis area are all a
function of the analyzer. For all of the spectra in this
handbook, the spectrometer was operated in a standard
mode. The Omni Focus I lens was used to scan the
spectrum while the SCA was operated at a constant pass
energy. This resulted in constant resolution (AE) across
the entire energy spectrum. The size of the analysis area
was defined by the aperture selection of the Omni Focus
Il lens. Analyzer energy resolution (AE/E) was deter-
mined by the choice of pass energy and the selected

aperture. All of the spectra in this handbook were ob-
tained using an 800 um diameter analysis area.

All of the spectra in this handbook were recorded and
stored using the PHI ACCESS™ data system. The instru-
ment was calibrated daily, and the calibration was check-
ed several times each day during data acquisition. The
analyzer work function was determined assuming the
binding energy of the Au 4f;, peak to be 84.0 eV. All
survey spectra scans were taken at a pass energy of 58.7
¢V. The narow scans of strong lines were, in most
cases, just wide enough to encompass the peak(s) of in-
terest and were obtained with a pass energy of 23.5 eV.
A lower pass energy may show more structure for some
materials. The narow spectra were necessary to ac-
curately determine the energy, shape and spin-orbit split-
ting of the strong lines. On insulating samples, a high-
resolution spectrum was taken of the adventitious
hydrocarbon on the surface of the sample to use as a
reference for charge correction. The generally accepted
binding energy for adventitious carbon is 284.8 eV.

The samples analyzed to obtain the spectra in this hand-
book are standard materials of known composition.
Metal foils and polycrystalline materials with large sur-
face areas were mechanically fastened to the specimen
mount. Powder samples were ground with a mortar and
pestle to expose fresh surfaces and were dusted onto ad-
hesive tape. Most elemental standards were sputter-
etched immediately prior to analysis to remove surface
contamination. Most compounds, however, were ground
or cleaved, and the freshly exposed surface was analyzed

Perkin-Elmer Corporation
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Figure 5. A schematic diagram of the PHI Model 5600 MultiTechnique sys-
tem, ;

without etching in order to avoid possible changes in
surface chemistry. Ne, Xe and Kr were implanted in
graphite and Ar in silicon via ion implantation to un-
known concentrations prior to analysis.

2. Instrument Calibration

To ensure the accuracy of the data presented in this
handbook, the instrument used to obtain the data was
calibrated regularly throughout the data-gathering
process. The best way to check calibration, and the
method used here, is to record suitable lines from a
known, conducting specimen. Typically, the Au 4f or Cu
2p and 3p lines are used. The lines should be recorded
with a narrow sweep width in the range of 5-10 eV, and

Perkin-Elmer Corporation @
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a pass energy of 23.5 eV or less (corresponding to the
pass energy normally used for high resolution scans)
should be used.

There is general agreement on accurate values of Cu, Au
and Ag standard line energies. The values in Table | are
recommended for clean Au, Ag and Cu:

Table 1. Reference Binding Energies (eV)

Al Ko

Mg Ko
Cu 3p 75.14 43
Au dfp 83.98 84.00
Ag3ds,  368.26 368.27
Cul,MM  567.96 334.94
Culpy, 93267 932.66
Ag M\NN 1128.78 895.75

from M. P. Seah Surf. Interface Anal. 14, 488 (1989)

Because the 2ps» and 3ps» photoelectron peak energies
of Cu are widely separated in energy, measurement of
these peak binding energies provides a quick and simple
means of checking the accuracy of the binding energy
scale. Utilizing all of the above standard energies estab-
lishes the linearity of the energy scale and its position,
1.e., the location of the Fermi level.

3. Programming Scans for an Unknown Sample

For a typical XPS investigation where the surface com-
position is unknown, a broad scan survey spectrum
should be obtained first to identify the elements present.
Once the elemental composition has been determined,
narrower detailed scans of selected peaks can be used
for a more comprehensive picture of the chemical com-
position. This is the procedure that has been followed in
compiling data for this handbook, even though specimen
composition was known prior to analysis.

a. Survey Scans. Most elements have major
photoelectron peaks below 1100 eV, and a scan range
from 1100-0 eV binding energy is usually sufficient to

15
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identify all detectable elements. The spectra in this hand-
book were recorded with a scan range of 1400-0 eV (Al
excitation) or 1200-0 eV (Mg excitation) binding energy.
In an unknown sample, if specific elements are suspected
at low concentrations, their standard spectra should be
consulted before programming the survey scan. If the
strongest line occurs above 1100 eV binding energy, the
scan range can be modified accordingly.

An analyzer pass energy of 187 eV, in conjunction with
the appropriate aperture, is recommended for survey
scans with the PHI Model 5600 MultiTechnique system.
These settings result in adequate resolution for elemental
identification and produce very high signal intensities,
minimizing data acquisition time and maximizing
elemental detectability.

b. Detail Scans. For purposes of chemical state iden-

tification, for quantitative analysis of minor components -

and for peak deconvolution or other mathematical
manipulations of the data, detail scans must be obtained
for precise peak location and for accurate registration of
line shapes. There are some logical rules for this
programming.

(I) Scans should be wide enough to encompass
the background on both sides of the region of in-

Handbook of X-ray Photoelectron Spectroscopy

terest, yet with small enough step sizes to permit
determination of the exact peak position. Sufficient
scanning must be done within the time limits of
the analysis in order to obtain good counting statis-
tics.

(2) Peaks from any species thought to be radia-
tion-sensitive or transient should be run first.
Otherwise, any convenient order may be chosen.

(3) No clear guidelines can be given on the maxi-
mum duration of data gathering on any one
sample. It should be recognized, however, that
chemical states have vastly varying degrees of
radiation sensitivity and that for any one set of ir-
radiation conditions, there exists for many samples
a condition beyond which it is impractical to at-
tempt gathering data.

(4) With the PHI Model 5600 MultiTechnique sys-
tem, an analyzer pass energy of 23 eV is normally
used for routine detail scans. Where higher energy
resolution 1s needed, lower pass energies can be
utilized. For example, the sputier-cleaned Si 2p on
p. 56, taken at 23 eV pass energy, can be compared
to the chemically etched Si 2p shown in Figure 2
(p. 11).

E. Data Interpretation

16

1. The Nature of the Spectrum

a. General Features. The spectrum is displayed as a
plot of the number of electrons versus electron binding
energy in a fixed, small energy interval. The position on
the kinetic energy scale equal to the photon excitation
energy minus the spectrometer work function cor-

responds o a binding energy of 0 eV with reference to
the Fermi level (Equation 1, p. 10). Therefore, a binding
energy scale with 0 at that point and increasing to the
left is customarily used.

The spectra in this handbook are typical for the various
elements. The well-defined peaks are due to electrons

Perkin-Elmer Corporation
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which have not suffered an inelastic energy loss emerg-
ing from the sample. Electrons that have lost energy in-
crease the level of the background at binding energies
higher than the peak energy. The background is con-
tinuous because the energy loss processes are random
and multiple. The background in the Mg Ko. induced
spectra s larger than the background in the
monochromated Al Ko induced spectra because of ex-
citation by Bremsstrahlung radiation of the non-
monochromated light.

The “noise” in the spectrum is not instrumental in origin
but is the consequence of the collection of single
electrons as counts randomly spaced in time. The stand-
ard deviation for counts collected in any channel is equal
to the square root of the counts so that the percent stand-
ard deviation is 100/(counts)"”?, The signal-to-noise ratio
is then proportional to the square root of the counting
time. The background level upon which the peak is su-
perimposed is a characteristic of the specimen, the ex-
citation source and the transmission characteristics of the
instrument.

b. Types of Lines. Several types of peaks are observed

in XPS spectra. Some are fundamental to the technique-

and are always observed. Others are dependent upon the
exact physical and chemical nature of the sample. A
third type is the result of instrumental effects. The fol-
lowing describes the various spectral features that are
likely to be encountered:

(1) Photoelectron Lines. The most intense
photoelectron lines are relatively symmetrical and
are typically the narrowest lines observed in the
spectra. Photoelectron lines of pure metals can,
however, exhibit considerable asymmetry due to
coupling with conduction electrons. Peak width is
a convolution of the natural line width (the
lifetime of the “hole” resulting from the
photoionization process), the width of the x-ray
line which created the photelectron line and the in-

Perkin-Elmer Corporation @
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strumental contribution to the observed line width.
Less intense photoelectron lines at higher binding
energies are usually wider by 1-4 ¢V than the lines
at lower binding energies. All of the photoelectron
lines of insulating solids are of the order of 0.5 eV
wider than photoelectron lines of conductors. The
approximate binding energies of all photoelectron
lines detectable by Al or Mg radiation are
cataloged in Appendices G and H.

(2) Auger Lines. These are groups of lines in
rather complex patterns. There are four main
Auger series observable in XPS. They are the
KLL, LMM, MNN and NOO series, identified by
specifying the initial and final vacancies in the
Auger transition. The KLL series, for example, in-
cludes those processes with an initial vacancy in
the K shell and final double vacancy in the L shell.
The symbol V (e.g., KVV) indicates that the final
vacancies are in valence levels. The KLL series
has, theoretically, nine lines, and others have still
more. Because Auger lines have kinetic energies
which are independent of the ionizing radiation,
they appear on a binding energy plot to be in dif-
ferent positions when ionizing photons of different
energies (i.e., different x-ray sources) are used.
Core-type Auger lines (with final vacancies deeper
than the valence levels) usually have at least one
component of intensity similar to the most intense
photoelectron line. Positions of the more
prominent Auger components are cataloged along
with the photoelectron peaks in Appendices G and
H.

(3) X-ray Satellites. The x-ray emission spectrum
from a nonmonochromatic source used for irradia-
tion exhibits not only the characteristic x-ray but
also some minor X-ray components at higher
photon energies. For each photoelectron peak that
results from the routinely used Mg and Al Ko x-
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ray photons, there is a family of minor peaks at
lower binding energies, with intensity and spacing
characteristic of the x-ray anode material. The pat-
tern of such satellites for Mg and Al is shown in
Table 2. A resultant spectrum using Mg x-rays is
shown in Figure 6.

Table 2. X-ray Satellite Energies and Intensifies

02 03 Oy (s O

Mg displacement, eV 0 84 101 176 206 487

relative height 100 80 41 06 05

0.5

Al displacement, eV 0 98 118 201 234 697

relative height 100 6.4 32 04 03

0.6

02

Binding Energy (eV)

Figure 6. Mg x-ray satellites observed in the C Is spectrum of graphite.
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(4) X-ray Ghost Lines. Occasionally, x-radiation
from an element other than the x-ray source anode
material impinges upon the sample, resulting in
small peaks corresponding to the most intense
spectral peaks but displaced by a characteristic
energy interval. These lines may result from Mg
impurity in the Al anode or vice versa, Cu from
the anode base structure, oxidation of the anode, or
generation of x-ray photons in the Al foil x-ray
window. On occasion, such lines can originate via
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generation of x-rays within the sample itself. This
last possibility is rare because the probability of
x-ray emission is low relative to Auger electron
emission. Nevertheless, such minor lines can be
puzzling. Table 3 indicates where such peaks are
most likely to occur relative to the most intense
photoelectron lines. Because such ghost lines rare-
ly appear with nonmonochromatic x-ray sources
and are not possible with monochromatic x-ray
sources, .they should not be considered in line
identification until all other possibilities are ex-
cluded.

Table 3. Displacement of X-ray Ghost Lines (V)

Contaminating Anode Material
Radiation Mg Al
0 (Ka) 7287 961.7
Cu (Lo 3239 556.9
Mg (Ka) — 233.0
Al (Kar) -233.0 -

(5) Shake-Up Lines. Not all photoelectric proces-
ses are simple ones which lead to the formation of
ions in the ground state, but there is a finite prob-
ability that the ion will be left in an excited state a
few electron volts above the ground state. In this
event, the Kkinetic energy of the emitted
photoelectron is reduced, with the difference cor-
responding to the energy difference between the
ground state and the excited state. This results in
the formation of a satellite peak a few electron
volts lower in kinetic energy (higher in binding
energy) than the main peak. For example, the char-
acteristic shake-up line for carbon in aromatic
compounds, a shake-up process involving the ener-
gy of the T — ©* transition, is shown in Figure 7.

In some cases, most often with paramagnetic com-
pounds, the intensity of the shake-up satellite may

Perkin-Elmer Corporation
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Cls

- ¥

R

300
Binding Energy (eV)

Figure 7. The 7 bond shake-up satellite for C s in polystyrene. The peak is

about 6.7 eV higher than the main photopeak.

approach that of the main line. More than one
satellite of a principal photoelectron line can also
be observed, as shown in Figure 8. The occurrence
of such lines is sometimes also apparent in Auger
spectral contours (Figure 9). The displacements
and relative intensities of shake-up satellites can
sometimes be useful in identifying the chemical
state of an element, as discussed in Section E.3.d.
(p. 24).

(6) Multiplet Splitting. Emission of an electron
from a core level of an atom that itself has a spin
(unpaired electrons in valence levels) can create a
vacancy in two or more ways. The coupling of the
new unpaired electron left after photoemission
from an stype orbital with other unpaired
electrons in the atom can create an ion with
several possible final state configurations and as
many energies. This results in a photoelectron line
which is split asymmetrically into several com-
ponents similar to the one shown in Figure 10.

Multiplet splitting also occurs in the ionization of
p levels, but the result is more complex and subtle.
In favorable cases, it results in an apparent slight

Perkin-Elmer Corporation @
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2pin

Binding Energy (eV)

Figure 8. Examples of shake-up lines (s) of the copper 2p observed in cop-

per compounds.

increase in the spin doublet separation, evidenced
in the separation of the 2pip and 2ps, lines in
first-row transition metals, and in the generation of
a less easily noticed asymmetry in the line shape
of the components. Often such effects on the p
doublet are obscured by shake-up lines.

(7) Energy Loss Lines. With some materials, there
is an enhanced probability for loss of a specific
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Ni (C2H302)2 + 4H20

Wa
NI \

W -
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Ni R e
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ke e
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850
Binding Enesgy (V)

Figure 9. Examples of the effects of chemical states on Auger line shapes in

nickel compounds.

amount of energy due to interaction between the

photoelectron and other electrons in the surface
region of the sample (Figure 11). The energy loss
phenomenon produces a distinct and rather sharp
hump 20-25 eV above the binding energy of the
parent line. Under certain conditions of spectral
display, energy loss lines can cause confusion.
Such phenomena in insulators are rarely sharper
than that shown in Figure 11 and are usually much
more muted. They are different in each solid
medium.

With metals, the effect is often much more
dramatic, as indicated by the loss lines for
aluminum shown in Figure 12. Energy loss to the
conduction electrons occurs in well-defined quanta
characteristic of each metal. These plasmons arise
from group oscillations of the conduction
electrons. The photoelectron line, or the Auger
line, is successively mirrored at intervals of higher
binding energy with reduced intensity. The energy

an

600
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Mn

MnCO3

1 L L L A1

80
Binding Energy (eV)

Figure 10. Multiplet splitting of the Mn 3s.

interval between the primary peak and the loss
peak is called the plasmon energy. The so-called
bulk plasmons are the more prominent of these
lines. A second series, the surface plasmons, exists
at energy intervals determined approximately by
dividing the bulk plasmon energy by the square
root of two. The effect is not easily observed in
nonconductors, nor is it prominent in all conduc-
tors. Plasmon lines are especially prominent in the
Groups la and Ila metal spectra in this handbook.

(8) Valence Lines and Bands. Lines of low inten-
sity occur in the low binding energy region of the

Perkin-Elmer Corporation
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580 520

Binding Energy (¢V)

Figure 11. Energy loss envelope from the O Is line in ALO; (sapphire).

Al

;

Binding Energy (eV)

Figure 12.  Surface (s) and bulk (b) plasmon lines associated with the Al 2s

at normal and grazing take-off angles.

spectrum between the Fermi level and 10-20 eV
binding energy. These lines are produced by
photoelectron emission from molecular orbitals
and from solid state energy bands. Differences be-

Perkin-Elmer Corporation
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tween insulators and conductors are especially
noted by the absence or presence of electrons from
conduction bands at the Fermi level. Valence
bands may also be used to distinguish between
materials where the core level XPS photoelectron
lines are quite similar in shape and position. Ap-
pendix D contains valence band spectra of several
materials.

2. Line Identification

In general, interpretation of the XPS spectrum is most
readily accomplished first by identifying the lines that
are almost always present (specifically those of C and
0), then by identifying major lines and associated
weaker lines, and lastly by identifying the remaining
weak lines. Most modem, commercially available
spectrometers have peak identification algorithms within
their data reduction packages. Poor signal-to-noise of the
data or database limitations may require manual iden-
tification of some peaks. The following step-by-step pro-
cedure simplifies the data interpretation task and mini-
mizes data ambiguities.

Step 1. The C 1s, O 1s, C (KLL) and O (KLL)
lines are usually prominent in any spectrum. Iden-
tify these lines first along with all derived x-ray
satellites and energy loss envelopes.

Step 2. Identify other intense lines (Appendix J)
present in the spectrum, then label any related
satellites and other less intense spectral lines as-
sociated with those elements. The energy positions
of the less intense lines are noted in the line posi-
tion table with the spectra. Keep in mind that some
lines may be interfered with by more intense,
overlapping lines from other elements. The most
serious interferences by the C and O lines, for ex-
ample, are Ru 3d by C Is, V 2p and Sb 3d by O
Is, I (MNN) and Cr (LMM) by O (KLL), and Ru
(MNN) by C (KLL). '
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Step 3. Identify any remaining minor lines. In doing
this, assume they are the most intense lines of an un-
known element. If not, they should already have been
identified in the previous steps. Again, keep in mind
possible line interferences. Small lines that seem uniden-
tifiable can be ghost lines. Use Table 3 (p. 18) to check
for the more intense parent photoelectron lines.

Step 4. Check the conclusions by noting the spin
doublets for p, d and f lines. They should have the right
separation (cf. spin orbit splitting for individual elements
and Appendices G and H) and should be in the correct
intensity ratio. The ratio for p lines should be about 1:2,
d lines 2:3 and f lines 3:4. P lines, especially 4p lines,
may be less than 1:2.

3. Chemical State Identification

The identification of chemical states primarily depends.

on the accurate determination of line energies. To deter-
mine line energies accurately, the voltage scale of the
instrument must be precisely calibrated (cf. Section D.2.,
p. 15), a line with a narrow sweep range must be
recorded with good statistics (of the order of several
thousand counts-per-channel above background), and ac-
curate correction must be made for static charge if the
sample is an insulator.

a. Determining Static Charge on Insulators. During
analysis, insulating samples tend to acquire a steady-
state charge of as much as several volts. This steady-
state charge is a balance between electron loss from the
surface by emission and electron gain by conduction or
by acquisition of slow or thermal electrons from the
vacuum. The steady-state charge, usually positive, can
be minimized with an adjacent neutralizer or flood gun.
It is often advantageous to do this to reduce differential
charging and sharpen the spectral lines.

A serious problem is exactly determining the extent
of charging. Any positive charging retards outgoing

Handbook of X-ray Photoelectron Spectroscopy

electrons and tends to make the peaks appear at higher
binding energies, whereas excessive charge compensa-
tion can make the peaks shift to lower binding energies.
The following are four methods which are usually valid
for charge correction on insulating samples:

(1) Measurement of the position of the C Is line
from adventitious hydrocarbon nearly always
present on samples introduced from the laboratory
environment or from the glove box. This line, on
unsputtered inert metals such as Au or Cu, appears
at 284.8 eV, so any shift from this value can be
taken as a measure of the static charge. At this
time, it is not known whether a reproducible line
position exists for C remaining on the surface after
ion beam etching.

(2) The use of an internal standard, such as a
hydrocarbon moiety of a polymer sample. For the
study of supported catalysts or similar materials,
one can adopt a suitable value for a constituent of
the support and use that to interrelate binding ener-
gies of different samples. One must be certain that
treatments of the various samples are not so dif-
ferent that the inherent binding energies of support
constituents are changed.

(3) The use of a normally insulating sample so
thin that it effectively does not insulate. This can
be assumed if the spectrum of the underlying con-
ductor appears in good intensity and if line posi-
tions are not affected by changes in electron flux
from the charge neutralizer.

(4) For the study of insulating polymer films,
binding energies of the C functional groups may
also be determined by applying a small amount of
poly(dimethyl siloxane) solution (10'6 M) to the
sample surface and charge reference to the Si 2p
of the silicone (at about 102.1 eV).

Perkin-Elmer Corporatic
Physical Electronics Divisic



Handbﬁok of X-ray Photoelectron Spectroscopy

Some precautions should be kept in mind. If the sample
is heterogeneous on even a micrometer scale, particles of
different materials can be charged to different extents,
and interpretation of the spectrum is complicated accord-
ingly. One cannot physically mix a conducting standard
like Au or graphite of micron dimensions with a powder
and validly use the Au or graphite line in order to cor-
rect for static charge. Differential charging can be mini-
mized to a great extent by using a flood source of low-
energy electrons.

b. Photoelectron Line Chemical Shifts and Separa-
tions. An important advantage of XPS is its ability to
obtain information on chemical states from the variations
in binding energies, or chemical shifts, of the
photoelectron lines. While many attempts have been
made to calculate chemical shifts and absolute binding
energies, the factors involved (especially in the solid
state) are imperfectly understood, and one must rely on
experimental data from standard materials. The tables
accompanying the spectra in this handbook record con-
siderable data from the literature as well as data obtained
specifically for this handbook. All literature data have
been carefully evaluated to the instrumental calibration
and static charge reference values given above and are,
therefore, directly comparable.

Because occasional line interferences do occur, it is
sometimes necessary to use a line other than the most
intense one in the spectrum. Chemical shifts of a minor
line are within 0.2 eV of the chemical shift of the
primary line. However, exceptional separations can
occur in paramagnetic materials because of multiplet
splitting. Separations of photoelectron lines can be deter-
mined approximately from the line position tables in Ap-
pendices G and H.

¢. Auger Line Chemical Shifts and the Auger
Parameter. Core-type Auger lines (transitions ending
with double vacancies below the valence levels) usually
have at least one component that is narrow and intense,
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often nearly as intense as the strongest photoelectron
line (cf. spectra for F, Na, As, In, Te and Pb). There are
four core Auger groups that can be generated by Mg or
Al x-rays: the KLL (Na, Mg); the LMM (Cu, Zn, Ga,
Ge, As, Se); the MNN (Ag, Cd, In, Sn, Sb, Te, 1, Xe, Cs,
Ba); and NOO (Th, U). The MNN lines in the rare
earths, while accessible, are very broad because of multi-
plet splitting and shake-up phenomena with most of the
compounds. Valence-type Auger lines (final states with
vacancies in valence levels) — such as those for O and
F (KLL); Mn, Fe, Co and Ni (LMM): and Ru, Rh and
Pd (MNN) — can be intense and are, therefore, also
useful. Chemical shifts occur with Auger lines as well as
with photoelectron lines. The chemical shifts are dif-
ferent from those of the photoelectron lines, but they are
often more pronounced. This can be very useful for
identifying chemical states, especially in combination

. with photoelectron chemical shift data. If data for the

various chemical states of an element are plotted with
the binding energy of the photoelectron line on the
abscissa and the kinetic energy of the Auger line on the
ordinate, a two-dimensional chemical state plot can be
obtained. Such plots are in Appendix A for F, Na, Al, Si,
S, Cu, Zn, As, Se, Ag, Cd, In, Sn and Te.

With chemical states displayed in two dimensions, the
Auger parameter method becomes more powerful as a
tool for identifying the chemical components than using
photoelectron chemical shifts alone. In the format
adopted for this handbook, the kinetic energy of the
Auger line is plotted against the binding energy of the
photoelectron line, with the latter plotted in the -x direc-
tion (kinetic energy is still, implicitly, +x). The kinetic
energy of the Auger electron, referred to the Fermi level,
is easily calculated by subtracting from the photon ener-
gy the position of the Auger line on the binding energy
scale.

With this arrangement, each diagonal line represents all
values of equal sums of Auger kinetic energy and

23



E. Data Interpretation

photoelectron binding energy. The Auger parameter, o,
is defined as,

0 = KE, - KEp = BEp - BE, (2)

or as the difference in binding energy between the
photoelectron and Auger lines. This difference can be
accurately determined because static charge corrections
cancel. With all kinetic and binding energies referenced
to the Fermi level, and recalling that:

KE = hv - BE 3)
then...
KEa + BEp=hv + o (4)

or the sum of the kinetic energy of the Auger line and

the binding energy of the photoelectric line equals the -

Auger parameter plus the photon energy. A plot showing
Auger kinetic energy versus photoelectron binding ener-
gy then becomes independent of the photon energy.,

In general, polarizable maleriﬁls, especially conductive
materials, have a high Auger parameter, while insulating
compounds have a lower Auger parameter.

d. Chemical Information from Satellite Lines and

Handbook of X-ray Photoelectron Spectroscopy

Table 4. General Guide to Paramagnetic Species

Multiplet splitting and shake-up lines are generally expected in the paramag-
netic staies below:

Alomic No.

Paramagnetic States

Diamagnetic States

gy Ti(In) Ta(lT) Ti(IV)

2 V(II), V(IIL), V(V) V(V)

24 Cr(1D), CrfIH), Cr(1V), Cr(V) Cr(VI)

25 Mn(IT), Mn(ILT), Mn(IV), Ma(V)  Mn(VII)

26 Fe(I1), Fe(IIT) KaFe(CN)g, Fe(COMBR

n Co(11), Co(Tll) CoB, Co(NO2)3NH3)3,
K3Co(CN)s, Co(NH3)6Cl:

28 Ni(IT) KaNi(CN)y,
square planar complexes

2 Cu(IN) Cu(l)

42 Mo(IV), Mo(V) Mo(VI), MoS2, KsMo(C?

44 Ru(IIl), Ru(lV), Ru(V) Ru(In)

41 Ag(ll) Ag(h)

58 Ce(II1) Ce(IV)

59-70 Pr, Nd, Sm, Eu, Gd, Tb, Dy,

Ho, Er, Tm, Yb compounds

74 W{v), W(v) W(VI), WO, WCly,
WC, KsW(CN)g

(2] Re(Il), Re(1ll), Re(IV), Re(VII), ReO3

Re(V), Re(VD)

76 . Os(111), Os(IV), Os(V) Os(II), Os(V1), Os(VILI)

77 I(1V) Ir(Il)

92 U, uav) uvn

Peak Shapes

(1) Shake-up Lines. These satellite lines have in-
tensities and separations from the parent
photoelectron line that are unique to each chemical
state (Figure 8, p. 19). Some Auger lines also ex-
hibit radical changes with chemical state thal
reflect these processes (Figure 9, p. 20). With tran-
sition elements and rare earths, the absence of
shake-up satellites is usually characteristic of the
elemental or diamagnetic states. Prominent shake-
up patterns typically occur with paramagnetic
states. Table 4 is a guide to some expected
paramagnetic states.

(2) Multiplet Splitting. On occasion, the multiplet
splitting phenomenon can also be helpful in iden-
tifying chemical states. The 3s lines in the first
series of transition metals, for example, exhibit
separations characteristic of each paramagnetic
chemical state. The 3s line, however, is weak and
therefore is not often useful analytically. The 2p
doublet separation is also affected by multiplet
splitting, and the lines are more intense. The effect
becomes very evident with Co compounds where
the separation varies up to 1 eV. When first-row
transition metal compounds are under study, it is

Perkin-Elmer Corporation
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useful to accurately record these line separations
and make comparisons with model compounds.

(3) Auger Line Shape. Valence-type Auger transi-
tions form final-state ions with vacancies in
molecular orbitals. The distribution of the group of
lines is strongly affected, therefore, by the nature
of the molecular orbitals in the different chemical
states. Although little has yet been tabulated on
this subject, the spectroscopist should bear in mind
the possible utility of Auger line shapes.

4. Quantitative Analysis

-For many XPS investigations, it is important to deter-
mine the relative concentrations of the various con-
stituents. Methods have been developed for quantifying
the XPS measurement utilizing peak area and peak
height sensitivity factors. The method which utilizes
- peak area sensitivity factors typically is the more ac-
curate and is discussed below. This approach is satisfac-
tory for quantitative work. For transition metal spectra
with prominent shake-up lines, it is best to include the
entire 2p region when measuring peak area.

For a sample that is homogeneous in the analysis
volume, the number of photoelectrons per second in a
specific spectra peak is given by:

[ = nfeOYAAT (5

where n is the number of atoms of the element per cm’
of the sample, f is the x-ray flux in photons/cm*sec, 6
is the photoelectric cross-section for the atomic orbital of
interest in cm®, @ is an angular efficiency factor for the
instrumental arrangement based on the angle between
the photon path and detected electron, y is the efficiency
in the photoelectric process for formation of
photoelectrons of the normal photoelectron energy, A is
the mean free path of the photoelectrons in the sample,
A is the area of the sample from which photoelectrons
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are detected, and T is the detection efficiency for
electrons emitted from the sample. From Equation 5:

n = IfGByAAT (6)

The denominator in Equation 6 can be defined as the
atomic sensitivity factor, S. If we consider a strong line
from each of two elements, then:

n LS,

m LS @

This expression may be used for all homogeneous
samples if the ratio Sy/S; is matrix-independent for all
materials. It is certainly true that such quantities as ¢
and A vary somewhat from material to material (espe-
cially A), but the ratio of each of the two quantities 6,/0,
and Ay/A; remains nearly constant. Thus, for any

" spectrometer, it is possible to develop a set of relative

values of S for all of the elements. Multiple sets of
values may be necessary for instruments with multiple
x-ray sources at different angles relative to the analyzer.

A general expression for determining the atom fraction
of any constituent in a sample, C,, can be written as an
extension of Equation 7:

Ty _ Iy/Sy
LD " T

Values of § based on peak area measurements are indi-
cated in Appendices E and F. The values of S in the
appendices are based on empirical data (C.D. Wagner et
al. Surf. Interface Anal. 3, 211 (1981)) which have been
corrected for the transmission function of the
spectrometer. The values in the appendix are only valid
for and should only be applied when the electron energy
analyzer used has the transmission characteristics of the
SCA supplied by Perkin-Elmer. An example of the
application of Equation 8 to analysis of a sample of
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Figure 13. Quantitative analysis of poly(tetrafluoroethylene).

-

known composition, poly(tetrafluoroethylene), is shown
in Figure 13.

The use of atomic sensitivity factors in the manner
described will normally furnish semiquantitative results
(within 10-20%), except in the following situations:

a. The technique cannot be applied rigorously to
heterogeneous samples. It can be useful with
heterogeneous samples in measuring the relative number
of aloms detected, but one must be conscious that the
microscopic character of the heterogeneous system in-
fluences the quantitative results, Moreover, an overlying
contamination layer has the effect of diminishing the in-
tensity of high binding energy peaks more than that of
Jow binding energy peaks.

0
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b. Transition metals, especially of the first series, have
widely varying and low values of y, whereas y for the
other elements is rather uniform at about 0.8 eV, Thus, a
value of S determined on one chemical state for a transi-
tion metal may not be valid for another chemical state.
This effect can be minimized by including shake-up
peaks in the area measurement.

¢. When peak interferences occur, alternative lines must
sometimes be used. The ratios of spin doublets (except
4p) are rather uniform, and the weaker of the pair can
often be substituted. The spectra of the elements should
be consulted, but caution must be exercised because the
spectra of the elements themselves can be different from
the spectra of their compounds.

d. Occasionally, an x-ray satellite from an intense
photoelectron line interferes with measurement of a
weak component. A mathematical approach can then be
used to subtract the x-ray satellite before the measure-
ment.

For quantitative work, check the spectrometer operation
frequently to ensure that analyzer response is constant
and optimum. A useful test is the recording of the three
widely spaced spectral lines from Cu. Measurement of
the peak height in counts-per-second should be made on
20-volt-wide scans of the 2ps», LMM Auger and 3p
lines. Maintenance of such records makes it easy to
notice if an instrument change occurs that would affect
quantitative analysis.

5. Determining Element Location

a. Depth. There are four methods of obtaining informa-
tion on the depth of an element in the sample. The first
two methods described below utilize the characteristics
of the spectrum itself but provide limited information.
The third provides more detailed information but is at-
tended by certain problems. The fourth utilizes measure-
ments at two or more electron escape angles.

Perkin-Elmer Corporatio
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(1) The presence or absence of an energy loss peak
or envelope indicates whether the emitting atoms
are in the bulk or at the surface. Because electrons
from surface atoms do not traverse the bulk, peaks
from the surface atoms are symmetrical above
level baselines on both sides, and the energy loss
peak is absent. For a homogeneous sample, peaks
from all elements will have similar inelastic loss
structures.

(2) Elements whose spectra exhibit photoelectron
lines widely spaced in kinetic energy can be ap-
proximately located by noting the intensity ratio of
the lines. In the energy range above approximately
100 eV, electrons moving through a solid with
lower kinetic energy are attenuated more strongly
than those with higher kinetic energy. Thus, for a
surface species, the low kinetic energy component
will be relatively stronger than the high kinetic
energy component, compared to that observed in
the pure material. The data for homogeneous bulk
solids can be compared with intensity ratios ob-
served on unknowns to determine qualitatively the
distribution of the element in the sample. Suitable
elements include Na and Mg (Is and 2s); Zn, Ga,
Ge and As (2p3z and 3d); and Cd, In, Sn, Sb, Te,
I, Cs and Ba (3ps; and 4d or 3ds, and 4d).

When the element is in a bulk homogeneous layer
beneath a thin contaminating layer, the charac-
teristic intensity ratio is modified in the opposite
direction. Thus, for a pair of lines from subsurface
species, the low kinetic energy line will be at-
tenuated more than the high kinetic energy line,
distorting the characteristic intensity ratio. By ob-
serving such intensity ratios and comparing them
with the pure bulk elements, it is possible to
deduce whether the observed lines are from
predominantly surface-, subsurface- or homo-
geneously distributed material.
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(3) Depth profiling can be accomplished using
controlled erosion of the surface by ion sputtering.
Table 5 lists some data on sputter rates as a
general guide. One can use this technique on or-
ganic materials, but few data are available for
calibration. Chemical states are often changed by
the sputter technique, but useful information on
elemental distribution can still be obtained.

Table 5. Relative Sputter Rates at 4 kV.

Target  Sputter Rate
Ta20s 1.00

Si 0.90
Si0 0.85

Pt 220

Cr 1.40

Al 0.95

Au 4.10

Another useful method of controlled erosion, espe-
cially of organic materials, is reaction with oxygen
atoms from a plasma. This technique may also
change the chemical states in the affected surface.
Further, because the elements differ in their rates
of reaction with oxygen atoms, the rate of removal
of surface materials will be sample dependent.

(4) In XPS studies, the sample-mounting angle is
not usually critical, though it does have some ef-
fect on the spectra. Very shallow electron take-off
angles accentuate the spectrum of any component
segregated on the surface, whereas a sample
mounted at an angle normal to the analyzer axis
minimizes the contribution from such a com-
ponent. This effect can be used to estimate the
depth of layers on or in the surface. This effect is
not limited to flat surfaces, because angular de-
pendence is even observed with powders, though
the effects are muted. The spectrometer used to
obtain the spectra presented in this handbook in-
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tegrates the signal over only a narrow range of
take-off angles. Si2p

plane of the sample surface and the angle of
entrance to the analyzer. At 90" with respect to the : / /\ $i
surface plane, the signal from the bulk is maxi- / \ M

mized relative to that from the surface layer. At \

small angles, the signal from the surface becomes M~ e e \_w/ l\
greatly enhanced, relative to that from the bulk. {
The location of an element can thus be deduced by \
noting how the magnitude of its spectral peaks .

changes with sample orientation in relation to
those from other elements. The analysis depth may

be estimated by d = Asin, where d is the analysis / X L

502
It is possible to change the angle between the /
I
i
|
|

depth of the overlayer, A is the inelastic mean free Normal /

o

path, and 0 is the take-off angle of the analyzed = Pl

- ‘ 110 9%
GRS, ' Binding Energy (cV)

Perkin-Elmer SCAs permit angle-dependent , Figure 14. An example of the enhanced surface sensitivity achieved by vary-
studies by simply varying the angle of the sample ing the electron take-off angle. A thin oxide on silicon is enhanced at the low
surface with respect to the input lens of the take-off angle.

analyzer. The magnification of the lens determines
the half-angle acceptance of the analyzer. An ex-
ample of the information that can be gained
through the use of this capability is shown in Fig-
ure 14. Data were obtained at normal (near 90°)
and grazing (near 15°) take-off angles from a
silicon sample with a thin silicon oxide overlayer.
The observed intensity ratio of oxidized to elemen-
tal Si is much greater at the low take-off angle.

¢. Insulating Domains on a Conductor. The occur-
rence of steady-state charging of an insulator during
analysis sometimes has useful consequences. Micro-
scopic insulating domains on a conductor reach their
own steady-state charge, while the conductor remains at
spectrometer potential. Thus, an element in the same
chemical state in both phases will exhibit two peaks. If a
change is made in the supply of low-energy electrons

b, Surface Distribution. Many carent XPS systems which stabilize the charge (as from the neutralizer fila-
have the capability to obtain data from areas as small as —— a]m k af - thls .appllxe‘d tohthe c?nductor, .
30 pm in diameter. This relatively high lateral resolution Rt p::aks ;om (:]msu at;ng P asehwlll i
allows for the acquisition of XPS maps which show both v 6 those: Trom (the: condnciing. gl Ror ‘och
clivierital and ohusical sivte b nsibon: heterogeneous systems, this can be an extremely useful

technique. It makes it possible to determine whether the
elements that contribute to the overall spectrum are in
the conducting phase, the insulating phase or both.

Perkin-Elmer Corporation
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F. How to Use this Handbook

1. Qualitative Analysis

Elemental and chemical identification of sample con-
stituents can be performed by combining the information
in the survey spectra with the binding energy tables of
Appendices G, H and J.

a. Identify all major photoelectron peaks by using the
line position tables in Appendix J.

b. Compare the elemental identifications with the
elemental survey spectra to see that line positions and
relative intensities are consistent. Also note the positions
of the Auger electron peaks.

¢. Review Section E (pp. 16-28) to account for fine
structures such as enmergy loss lines, shake-up peaks,
satellite lines, etc., not identified in the handbook spectra
or energy tables.

d. Identify any remaining peaks assuming they are in-
tense photoelectron or Auger lines using Appendices G
or H.

¢, Chemical state identification can be determined from
high resolution spectra of the strongest photoelectron

F. How to Use this Handbook

gies by comparing the binding energy to the charts
with the standard spectra and with the tabulated
data in Appendix B.

(3) As suggested above, much about the chemical
state can be learned from the magnitude and posi-
tion of shake-up lines as well as from the energy
and shape of valence Auger lines.

(4) For the elements F, Na, Al, Si, S, Cu, Zn, As,
Se, Ag, Cd, In, Sn and Te, the Auger parameter
tables in Appendix A may prove useful. The Auger
line positions may be converted to kinetic energy
by subtracting from the photon energy (Al =
1486.6 eV, Mg = 1253.6 &V). Note the location of
the points for Auger kinetic energy and
photoelectron binding energy on the respective
elemental plot. Proximity of the experimental
points to those of recorded chemical states should
be considered probable identification. Note that
experimental error is much greater along the Auger
parameter grid than normal to the grid lines.

and sharpest Auger lines.

(1) Correct binding energies for static charging of
insulators. When applicable, charge reference the
binding energy scale to the C s photoelectron
peak at 284.8 eV.

(2) Determine the chemical state from the
measured shifts in the photoelectron binding ener-

Perkin-Elmer Corporation @
Physical Electronics Division

2. Quantification

The atomic sensitivity factors presented in Appendices E
and F are applicable to the Perkin-Elmer Model 10-360
SCA and the Omni Focus III lens. A simplified expres-
sion to determine the atomic concentration of any ele-
ment is given by Equation 8 (p. 25). However, the ac-
curacy is limited by the assumptions made in Section
E4. (p. 25).
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Standard Spectra of the Elements

This section of the handbook contains survey spectra of 81 elements, high resolution spectra of the most usefiul photoelectron lines, a chart of binding
energies for each of the observed photoelectron and major Auger electron peaks, and a photoelectron chemical state binding energy chart for each of
the elements. Used in combination with the appendices, the survey spectra aid in elemental identification, while the high-resolution spectra and binding

energy data aid in the identification of chemical states.

Survey Spectra

The survey data include all of the lines which are normally useful. For
most elements, the survey data were acquired with both a
monochromatic Al x-ray source and a nonmonochromatic Mg x-ray
source. When survey spectra for two compounds are presented, the
monochromatic source is used for both. The photon source for each
survey is noted on the survey, The photoelectron and Auger lines for
the element of interest are identified. Lines which occur due to other

High-Resolution Spectra

The high-resolution spectra of the most useful photoelectron peaks are
presented. Unless otherwise noted, the high-resolution data were ac-
quired using the same photon source as the survey on the same page.
The binding energy of the main line is noted and when appropriate, the
spin orbit separation (A) is given. The lines from insulators were
charge-corrected to adventitious hydrocarbon at 284.8 ¢V,

elements are only designated by the elemental symbol, and x-ray
satellites and energy loss lines are not noted. For many elements, the
Auger peaks are presented in expanded form.

The ordinate is left undesignated, but the general contours and inten-

sity ratios of the spectra are typical of measurements made using a
Perkin-Elmer Model 10-360 SCA with an Omni Focus lens.

The spectra of the inert gas atoms implanted in graphite or silicon
deserve special mention. The high-resolution data often show an
asymmetric peak shape or a second resolvable peak when a single
symmetric peak is expected. The intensity of the second, high binding
energy peak is dependent on the implantation energy and is
diminished at lower energies. The spectra are of inert gas atoms im-
planted at 4 kV.

Photoelectron and Auger Electron Line Position Tables

The photoelectron and Auger line position tables reflect the energies
of the elemental peaks observed in this handbook. For oxidized or

reduced species, the measured values may differ by a few electron volts.

Chemical State Binding Energy Tables

The binding energy tables have been constructed to reflect the general
changes in binding energy with change in oxidation state or chemical
environment. A more extensive listing with specific binding energy
values for more than 1500 compounds is presented in Appendix B.

Perkin-Elmer Corporation

Physical Electronics Division m

Abbreviations in the chemical state database are as follows: acac =
acetyl acetonate; metallocene = metal (CsHs),; Bu = butyl; Et = ethyl;
Me = methyl; Ph = phenyl; OAc = acetate.
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Lithium Li
Atomic Number 3
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Liin LiF
Monochromated Al Ko,
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Atomic Number 3

Li in LiF
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Atomic Number 4 j
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Atomic Number 4
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Mg Ko =3
Kvv
St ‘ Ar
175 1155 135
KvV Binding Energy (eV)
1200 1000 800 600 400 200 0
Binding Energy (eV)
1s Binding Energy (eV)

CompoundType 111 112 113 114 1S 116 117 Is=1118 eV s

Be -

BeO

BEMCIOq

BChaO‘

BeF;

NaBeF; =

Nilchﬁ -

M
125 J ‘ 115 105
Binding Energy (eV)

Perkin-Elmer Corporation @
Physical Electronics Division Ly



Boron B Handbook of X-ray Photoelectron Spectroscopy

Atomic Number 5
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Boron B
Atomic Number 5
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Carbon C

Atomic Number 6

Handbook of X-ray Photoelectron Spectroscopy
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Carbon
Atomic Number

C as graphite
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Nitrogen N
Atomic Number 7
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Atomic Number 7
i
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Atomic Number 8
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Atomic Number 8
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Fluorine F
Atomic Number 9
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Atomic Number 9
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Atomic Number 10
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Atomic Number 11
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Sodium
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Atomic Number 12

Handbook of X-ray Photoelectron Spectroscopy

Is

Monochromated Al Ko

KLL

J_A/J\.AJ\AUL

KLL

390

30 Y
Binding Energy (V)

K—\_/up

1000

1400 1200 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
2p=49.8eV )

Photoelectron Lines ]
Is 2s 2p ;
1303 89 50 !J
1
;i
Auger Lines !
\__ KLiLy Kuly  Kinln
381 347 01 (A) i
| e . | 148 114 68 (Mg !
60 50 40 i
Binding Energy (eV) | i
|
Perkin-Elmer Corporation ;

5 Physical Electronics Division



Handbook of X-ray Photoelectron Spectroscopy Ma one P Mg
Atomic Number 12
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Aluminum Al Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 13
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Silicon Si Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 14
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Atomic Number 14
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Atomic Number 15
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Atomic Number 16

Handbook of X-ray Photoelectron Spectroscopy

Monochromated Al Kot salia 2
MV
25
1370 1310
Binding Energy (V)
1400 1200 1000 800 600 400 200
Binding Energy (eV)
Line Positions (eV)
2psp=164.0eV 2
A=1L18eV
Photoelectron Lines
23 2 2pn 3
228 165 164 18
Auger Lines
L23Ma3Ma3
1336 (Al
- 1103 (Mg
175 165 155
Binding Energy (V)
Perkin-Elmer Corporation
a Physical Electronics Division



fandbook of X-ray Photoelectron Spectroscopy } Sulfur S
Atomic Number 16

p
Mg Ko
LMM 28
Ilzﬂ 1110 1080
Binding Energy (eV)
Ar
Cu M
1
1200 1000 800 600 400 200 0
Binding Energy (V)
2p3p Binding Energy (eV)
2})3;2 =164.0 eV
Compound Type 160 163 166 160 172 175 178 A=1186V
S ]
Sulfide R
Sulfite |
Sulfate - 2pin
SF L7
S0, -
Thiophene [l
Mercaptan )
Cysteine [ |
e
Sulfone [EEET e P
175 165 155
Binding Energy (eV)

Perkin.Elmer Corporation @

Physical Electronics Division 61



Chlorine Cl Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 17
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Chlorine (I
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Atomic Number 18
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Atomic Number 19
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Potassium K
Atomic Number 19
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Atomic Number 20
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' Atomic Number 20

0
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Scandium  Sc Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 21
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Atomic Number 21
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Titanium Ti Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 22
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Titanium Ti
Atomic Number 22
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Vanadium V
Atomic Number 23
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Atomic Number 23

23 |
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Chromium Cr
Atomic Number 24

Haﬁdhook of X-ray Photoelectron Spectroscopy
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Chromium Cr
Atomic Number 24
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Manganese  Mn
Atomic Number 25
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Manganese  Mn
Atomic Number 25
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Iron Fe
Atomic Number 26
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20 | . R— |
Monochromated Al Ko LMM / t\ |
e ,.,—/' (’r‘ \I‘
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Iron
Atomic Number 26
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Cobalt Co
Atomic Number 27
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Cobalt

Atomic Number
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Nickel Ni
Atomic Number 28

Handbook of X-ray Photoelectron Spectroscopy
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Nickel

Ni

Atomic Number 28
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Atomic Number 29
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Copper  Cu
Atomic Number 29
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Zinc In
Atomic Number 30
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Zinc

In

Atomic Number 30
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Gallium Ga
Atomic Number 31
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Galium Ga
Atomic Number 31
Mg Ko LMM
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Germanium  Ge
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Atomic Number 32
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Germanium
Atomic Number
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Arsenic As Handbook of X-ray Photoelectron Spectroscopy

Atomic Number 33
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Arsenic As
Atomic Number 33
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Selenium Se Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 34
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Selenium

Se

Atomic Number 34
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Atomic Number 35 “
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Bromine

Br

Atomic Number 35
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Krypton  Kr
Atomic Number 36
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Krypton

Kr

Atomic Number 36
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Rubidium Rb Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 37
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Atomic Number 37

) 3p3n
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Strontium  Sr
Atomic Number 38
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Atomic Number 38
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Atomic Number 39
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Auger Lines
MysNasV
T — 135  (Al)
1123 (Mg
170 | 160 150
Binding Energy (eV)
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Yttrium

4

Atomic Number 39

3dsp
3dsp
1125
Binding Energy (eV)
Ar
4s
1200 1000 800 600 400 200
Binding Energy (eV)
3dsp Binding E eV
O R 1) 3ds = 1560 &V
Compound Type 155 156 157 T o 3dsp
Y e _—
Y205
M
170 60 150
Binding Energy (eV)
Perkin-Elmer Corporation m
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Zirconium Zr
Atomic Number 40

Handbook of X-ray Photoelectron Spectroscopy

3dsn
Monochromated Al Ko
MNN
3dsp
1350 1335 1320 3p3n
Binding Energy (eV) I
MNN
3s
i 4p
4s
1400 1200 1000 800 600 400 200° 0
Binding Energy (eV)
Line Positio
3p=1789eV s i Positions (£¥)
A=243eV
Photoelectron Lines
3pin 3pn 3dip 3dsp 4s 4p
430 343 330 181 179 51 2
Auger Lines
MysN23N23 MasNa3V MasNgsNas
1393 1368 1337 (Al
1160 1135 1104 (Mg)
19 ‘ L | 150 170

Binding Energy (eV) =
Perkin-Elmer Corporation
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Atomic Number 40

Mg Ko — 3dsp
MNN

MNN 3wy

o 1105 1090
Binding Energy (V)

dp
4s
1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp, Binding Energy (eV)
3dsp = 1789 eV
Compound Type 178 179 180 181 182 183 184 185 A o3l 3dsp
Zt | -
ZiFs [ |
KZrF
o .
KZrFs « H:O .
_._‘_-_‘-“—‘—‘-——-_._
= . i . \ //\_/\1
190 180 170
Binding Energy (eV)
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Niobium Nb : Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 41

3dsp
Monochromated Al Ko
MNV
3dap
1335 1320 1305 3pn
Binding Energy (eV)
3pin
MNN
3s
M)\“ i
4s
L 1 1 1 1 L J‘
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 202.4 eV 3dsp
A=2T2eV Photoelectron Lines
33 3dpin 3mp 3y 3dsp ds dp
467 316 361 205 202 56 3l
Auger Lines
MysNx3V MusVV
1319 1287 (Al
1086 1054  (Mg)
'_-F'_‘_'-"—‘—--—\._—___..—-—
215 205 195
Binding Energy (eV)
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Niobium Nb
Atomic Number 41

—— _ . 3d
Mg Ko 3 "
MNV
MNV
3d3p
o e o 303&
1100 1085 1070
Binding Energy (eV)
dp
dg
1200 1000 800 600 400 200
Binding Energy (eV)
3ds, Binding Energy (eV)
CompoundType 201 202 203 204 205 206 207 208 3dsp = 2024 eV 3dsp
A=2T2eV
0 BED
NbN
NbO i Sdm
NbOs 5]
LiNbO;
CaNb;0¢
CaaNby Oy [ |
Bre(NbyCli)(BuiN, | ——
ClNbCli)(PrP) I o
Cla(NbsCli2)(Me2S0)4 . 215 205 195
Binding Energy (V)
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Molybdenum Mo Handbook of X-ray Photoelectron Spectroscopy

Atomic Number 42

Monochromated Al Kot 3dsp

MNV
3dzp
1310 1295 1280 3p3n
Binding Energy (eV)
Ipin
MNV _ 35
\_/,—r\jw ¥
L—/—:i'l_/
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp =228.0 eV 3dsp
A=313eV

Photoelectron Lines

3 3pin 3pn 3p 3dsp  ds 4p
506 412 394 231 228 63 36

Auger Lines
MasNpsV MgsVV
1299 1264 (Al
1066 1031 (Mg
240 230 220
Binding Energy (eV)
Perkin-Elmer Corporation
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Molybdenum Mo

Atomic Number

42

Mg Ko

MNV

MNV

1080 .

1065
Binding Energy (eV)

1050
3psn

] L n _ L

3dsp

3dap

ds

dp

1200

1000 800 600 400
Binding Energy (eV)

Compound Type

3dsp B

226 227

200

inding Energy (eV)

N8 09 230 2l 3dsp =228.0 eV

232 233

Mo

Boride
Mo,C
MoS,
MoCls
MoCly
MoCls
M002
MoOs
(NH)4sMoOy4
(CO)Mo(PhsP)y

A=313eV

3dsp

T S~ —]

240

Perkin-Elmer Corporation
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230
Binding Energy (eV)

220
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Ruthenium Ru Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 44 '

Monochromated Al Ko
MNN 3dsp
\ 3dsp
1230 1215 1200
Binding Energy (eV)
3pan
MNN 3pin
38
L/\/\K 4S 4P
L L L L | —"——IP‘J_AA J
1400 1200 1000 800 600 400 200 0

Binding Energy (eV)

Line Positions (¢V)

3dsp = 280.1 eV 3dsp
A=417¢eVY
Photoelectron Lines

3  3pin 3pp 3dp 3dsp 4 dp
586 484 462 284 280 75 43

3d
% Auger Lines
MysNazV MysVV
1256 1212 (AD
e \ 1023 979  (Mg)
290 280 270
Binding Energy (eV)
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Atomic Number 44

Mg Ka. 3dg
3d3p
Binding Energy (eV)
4p
ds
1 i I — 1 1 J
1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Binding En eV
o o 3dsp= 2801 &V 34
Compound Type 276 277 278 279 280 281 282 283 A=417eV SR
Ru .
RuCls .
Ru0; (il
Ru03 .
RI.IOq .
Ru(NH3)sNal, 15|
Ru(NHs)sN;Br; [
Ru(NH3)sN2Cla .
Binding Energy (V)
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Rhodium Rh Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 45

Monochromated Al Kot 3dsp
MVV
3dsp
1205 -
Binding Energy (¢V)
Ipan
3pin
MNV
3s
4
4s
M
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)

Line Positions (eV)

3dsp =307.2 eV 3dsp
A=4T74eV

Photoelectron Lines

3 3pn 3pwm 3 s 4 4p
629 521 497 312 307 8l 48

Auger Lines
MasNa3V MysVV
1234 1185 (Al
1001 952 (M)
320 310 | 300
Binding Energy (cV)
Perkin-Elmer Corporation
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Handbook of X-ray Photoelectron Spectroscopy Rhodium Rh

Atomic Number 45

Mg Ko

3dsp

970

Binding Energy (eV)

1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Binding Energy (eV)

Compound Type 07 308 309 310 3l id__sfi;ig?-z eV 3dsp

Rh I

Halides |EREET |

Rha03 - 3dspy

CIR(PhsP)s ]

CliRh(PhsP)s

ClgRh(PhsP);

BreRh(Ph;P)s >

ClRha(cyclooctadienc)s ’ — ‘ -

Rha(OAc)s » 2H;0 . . S

Rh(NH:CH,COO); + H0 320 W 30
E Binding Energy (eV)
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Palladium Pd Handbook of X-ray Photoelectron Spectroscopy

Atomic Number 46

3dspp
Monochromated Al Ko
MVV
RIET)
170 1155 1140
Binding Energy (eV)
3pan
4d
4s .
: J
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
3ds Line Positions (eV)
3d5n =335.1eV
A=526eV
Photoelectron Lines
3dw
33 3pin 3pm 3bp sp 4 dp
671 560 533 340 335 88 52
Auger Lines
MysNasV MysVV
1211 1159 (AD
=" 978 926 (Mg)
50 T o )
Binding Energy (eV)
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Palladium Pd
Atomic Number 46

~ Idsp
Mg Ko MVV
3d3p
\
940 925 910
VNV Binding Energy (V)
3pan
1200 1000 800 600 400 200 0
Binding Energy (eV)
3ds;, Binding Energy (eV) : 5
dsp =335.1 eV 3dsp

Compound Type 335 336 37 338 339 340 341 A= 526 eV
Pd [ |
PdsSi = i
Pd;Si 2]
Halides -
PdO l.
Pd0O,
KsPdCly -
K;PdBry -
KsPdClg . - i
Pd(OAc) . . B T _ e |
Pd(SPh), 350 340 330

H Binding Energy (eV)
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Silver Ag

Atomic Number 47

Handbook of X-ray Photoelectron Spectroscopy

3dsp

Monochromated Al Ka.
MVV

o

3dsp -

1145

Binding Energy (eV)

1120

4d
4s 4p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 368.3 eV 3ds,
A=6.00eV
Photoelectron Lines
3dw 3 3pn I 3bp s 4 4
719 604 573 374 368 9 60
Auger Lines
MasNa3V MsVV MsVV
1191 1135 1129 (A"
958 902 896 (Mg
382 ky7) 362
Binding Energy (eV)
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Silver
Atomic Number

Mg Ka

MVV

910
Binding E

nergy (eV)

3dsp

885

1200 1000 800

600
Binding Energy (eV)

3dsp, Binding Energy (eV)

Compound Type 367 368 369

400

200

Ag
47

Ag
Alloys
AgS
Agl
AgF
Agh,
Oxides
AgCO;
Sulfate
AgOOCCF,
Ag(OAc)

IS

3dsp = 3683 eV

A=600eV

3dsp

3dsn

Perkin-Elmer Corporation
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Binding Energy (eV)
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Cadmium Cd
Atomic Number 48
Monochromated Al Kot sn
MNN
3dsn
1120 1105 ) 1090
Binding Energy (V)
3pan
b 3pin
4d
4s 4p
1400 1200 1000 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 405.1 eV 3dsp
A=674eV
Photoelectron Lines
3dyp
I dpin 3w 3w sy 4s 4p 4d
T2 652 618 412 405 110 69 11
Auger Lines
MsNysNas M4N4sNgs
1110 1103 (A
877 870 (Mg
420 395
Binding Energy (eV)
Perkin-Elmer Corporation
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Handbook of X-ray Photoelectron Spectroscopy Cadmium Cd
Atomic Number 48

Mg Ko ' 3dsp

> . 3|

890 875 860
Binding Energy (eV)

4s 4p

1200 1000 800 600 400 200 0
Binding Energy (eV)

3dsp Binding Energy (eV)

: 3dsp = 405.1 eV 3d
C dT 404 405 406 407 52 512
b g A=6T4¢eV

Cd
HgosCdo2Te [
CdTe
CdSe
CdS
i ]
Cdo
Cd(OH), - _—H‘H_
CdCOs 40 395
Binding Energy (eV)

3dy;
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ndium In Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 49

Monochromated Al Ko
3dsp
MNN
3d3n
I
1090 - 1075 1060
Binding Energy (¢V) "

dd
4s 4p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp, = 4439 eV 3d
A=T754eV H .
Photoelectron Lines
3dsp 3 3pin 3pie 3dyp 3dsp 4s 4p 4d
828 703 065 452 444 123 78 17
Auger Lines
MsNysNys M4NysNas
1084 1076 (Al)
o 851 843 (Mg)
460 435
Binding Energy (eV)
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Atomic Number 49

3dsp
MNN

3dip

340 825
Binding Energy (eV)

MNN

4d

4s 4p

1200 1000 800 600 400 200 0
Binding Energy (eV)

3ds, Binding Energy (eV)
Compound Type 443 444 445 446 447

In

InSb
=
]
]

3dsp = 4439 eV
A=154eV 3dspy

InP 3dsn

InyTes
InCls
InCl
203

In{OH)3 _ _/
Infacac); \_/\

BolBuN | e
quIn PI‘4N 460 435
Binding Energy (V)

Perkin-Elmer Corporation @ .
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Tin Sn
Atomic Number 50
Monochromated Al Ko
3dsp

MNN

4d
45 4p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dg1 =485.0eV 3d5,-2
A=84leV
Photoelectron Lines
3o 3 3pn 3pn 3 3dsp 45 4p 4d
85 757 TI5 493 485 137 89 25
Auger Lines
MsNgsNas M4NysNags
1058 1049 (Al
825 816 (Mg
500 475 :
Binding Energy (V)
Perkin-Elmer Corporation
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Tin Sn
Atomic Number 50

Mg Ka.

MNN

\

3dyp

_ 820
Binding Energy (eV)

805

3dsp

45 4p

1200

1000

800

Binding Energy (eV)

600

Compound Type

3ds, Binding Energy (eV)

484

485

436

487 488

200

Sn

SnS

Halides

SnO

S0,
NaSn03
PhsSn

PhsSn (Halide)
Me3SnF
Me;SnF;
BrsSn(EtN),

"n

3ds; = 485.0 eV
A=841eV

3(13;2

3dsn

Perkin-Elmer Corporation
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Antimony  Sb Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 51 -'

Monochromated Al Kot Msn
- ”
L
L
1040 1025 1010
Binding Energy (¢V)

4d
4s 4p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 5283 eV 3dsy
A=934eV
Photoelectron Lines
3dyy
33 3piz 3pn 3dp 3dsp  4s 4p 4d
94 813 767 537 S8 153 9 33
Auger Lines
M;sNasNas M4NysNas
1032 1022 (Al
(N S i ) | 799 789 (Mg
545 520
Binding Energy (eV) ]
Perkin-Elmer Corporation
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Atomic Number 51

3dsp

MNN

810 795 780
Binding Energy (eV)

4d
L 4s  4p
1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Binding Energy (eV)
A S 3dsp = 528.3 €V
Compound Type 58 529 530 §31 532 533 o o 3dsp
sb ]
AlSb ] 3
Sulfides [
Halides -
SbaOy ﬁ
Sba0s - ]
KSbFs ]
NaShFg ooy
CsSbFy -
PhsSh i ‘ , . ./
BusSb 545 520
F Binding Energy (eV)
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Tellurium Te Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 52

Monochromated Al Ko 3dsp
— ———— 3y
MNN
1015 1000 . 985
Binding Energy (eV) .
MNN
3pan
3P1{2 ; 4d
ds 4p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)

Line Positions (eV)

3([5;2 =313.1 eV ‘

A=1039¢V 3ds,
Photoelectron Lines

3dy 33 3pn 3pn 3 3dsp

1009 8§71 820 583 573

s dp ddyp 4dsp S8
170 111 4 41 12

Auger Lines
. MsNasNas M4NgsNas
by 1005 995 (Al
590 565 m 762 (Mg
Binding Energy (eV)
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Atomic Number 52

3dsp
Mg Ko
MNN
3d3p
_—a
MNN
780 765 750
Ipin Binding Energy (cV)
3pan
3s
4d
l\\ . ) 4  4p
1200 1000 800 600 400 200 0
Binding Energy (eV)
3ds, Binding Energy (eV)
CompowndType 572 573  SM4 S15 516 ST 578 idﬂ;;g?i-l eV 3dsp
=1uade
Te
CdTe
GeTe
HgosCdosTe
Tellurides =i
Halides
TeOz
TeOs .
Te(OH)g . w
PhyTes - B
BI}TEPh . 500 S i 565
Binding Energy (eV)
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Todine 1
Atomic Number 53
IinKI 3dsp

Monochromated Al Ko

MNN

1000

Binding Encrgy (eV)

950

3dyp

800

600

400

1400 1200 1000 200 0
Binding Energy (eV)
3dsp Line Positions (eV)
3dsp = 6193 eV
A=1150eV
3din Photoelectron Lines
33 3pin 3mpr I 3dsn
1071 930 875 630 619
4s 4p ddip  ddsp 55
187 123 51 49 18
Auger Lines
MsNysNas MyNasNas
| - 982 971 (A)
o it 749 738 (Mg)
Binding Energy (V)
Perkin-Elmer Corporation
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Todine

I

Atomic Number 53

[ in KI
Mg Ko

K 3pip

3pan

MNN

3d3p

3dsp

710

740

Binding Energy (eV)

T10

3s

1200

1000

800

Binding Energy (eV)

600

Compound Type

3dsp Binding Energy (eV)

618 619 620

621

622

623

624

200

I

Alkali iodides
Agl

Nil

Nilz « 6H,0
NalOs
NalO4
HsI06

1205

ICl

ICh

640

Perkin-Elmer Corporation
Physical Electronics Division

O

3d5a =619.3eV
A=115¢eV

3dsp

A 811 S e AT e e SLE=TE

3d5n

Binding Energy (eV)

613
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Xenon Xe
Atomic Number 54

Handbook of X-ray Photoelectron Spectroscopy

Xe implanted in graphite
Monochromated Al Ko

MNN

970 945
Binding Energy (eV)

MNN
c

I

WM )

3dsn

3dsp

4 4
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsz = 669.7 eV 3ds
. A ' i Photoelectron Lines
A=1267¢eV
3 3pin 3pn 3dip 3dsn
3d3y 1141 996 934 683 670
4s dp ddp  4dsp Ss
207 139 63 61 17
Auger Lines
Lx MsNysNags M4NysNas
955 942 (Al
il ™ 709 (Mg)
700 675 650
Binding Energy (¢V)
Perkin-Elmer Corporatiol
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Xenon

Xe

Atomic Number 54

3pan

- MNN N ]
| m_\\“

740

3d3p

3dspp

715 690

Binding Energy (eV)

4
1200 1000 800 600 400 200 0
Binding Energy (eV)
3ds;, Binding Energy (eV)
3ds;y = 669.7 eV
Compound T 668 669 670 671 672 673 674 512
e P A=1267¢eV 3dsp
Xe in Ag . 1d
Xe in Au . e
Xe in Cu [
Xe in Fe ]
Xe in graphite ] _
NELaXeOn .
“_w—/!\_
700 675 650
Binding Energy (eV)

Perkin-Elmer Corporation @
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Coinii© Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 55

3dsp - —
Monochromated Al Ko / MNN
3dsp
950 ' 920 $90
3oz 3pin MNN Binding Energy (eV)
3s
4d
4s kK
0 //,-/\/\’1//\}
L n
M : . ; i _§ L
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 7264 eV , 3dsp
A=1394eV
3y Photoelectron Lines
Plasmon 3 3pin dme 3 3dsp
Plasmon 1219 1069 1002 740 726
4s dpin 4dpn ddsp  4ddsp 5s
234 173 161 80 71 25
Auger Lines
MsNasNgs MaNasNas
(I T D ) 931 918 (Al
765 740 715 698 685  (Mg)
Binding Energy (eV)
Perkin-Elmer Corporatio!
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Cesium

Cs

Atomic Number 55

3dsp

MNN

MNN

710

Binding Energy (V)

4d

1200

1000

800

600

Binding Energy (eV)

Compound Type

3dsp Binding Energy (eV)

723

724

725

726

Cs
Halides
CsNs
Cs2804
Cs3POy
CsiP20y
CsClOy
CsCr04
Cs2Cr0y
CsOH

3dsp = 7264 eV
A=1394eV

3dsp

765

Perkin-Elmer Corporation
Physical Electronics Division
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740
Binding Energy (eV)
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Barium Ba
Atomic Number 56

Handbook of X-ray Photoelectron Spectroscopy

Monochromated Al Ko 3dsn MNN
3dyp //
e
930 . 20
3pan MNN Binding Energy (eV)
3pin ’J
3s
4d
4p
4s
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
3 Line Positions (eV)
3dsp, = 780.6 eV 51
A=1533eV
3 Pholoelectron Lines
I  3pin 3pn 3dn s
1292 1138 1064 796 781
4 4dpn dpn 4 Msp S5
34 19 19 93 % 31 IS
Auger Lines
M;sNasNas MyNasNas
. \ . . . 900 886 (A
820 795 770 667 653 (Mg
Binding Energy (eV)
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Barium Ba
Atomic Number 56

3dsp peee
Mg Ka 3{13;2 . MNN \
L o
700 630
3pwn ' Binding Energy (eV)
MNN
4
4s 8
55
1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Binding Energy (eV) .
Compound Type 778 779 780 781 id_sfi; ;fgg.ﬁ eV 3dgy
3d3p
- ]
s (5
bl B
Ba(NO3) =2
BaCOs
BaS0O4 i
BaCrOy
BaMoOy
BahaCh - - ] _L x_&
= 79 770
Binding Energy (eV)
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Lanthanum
Atomic Number

La
57

Handbook of X-ray Photoelectron Spectroscopy

3dsp
Monochromated Al Ko
3w |
MNN
3psn
3pin
3s
4d
MNN %
S i
L/J\:\\ 5p
55
1 L 1 1 i L l——'—'{
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp = 8358 eV Line Positions (eV)
A=1678eV -3dsp
3d3p
Photoelectron Lines
32 3pn 3dn Msp
1208 1128 853 836
U
ds  dpip dpyp Adap ddsp Ss Sp
215 213 197 106 103 34 17
,_/—\\__ mum
MsNasNas MaNasNys
| 867 854  (AD
870 845 820 634 621 (Mg
Binding Energy (eV)
Perkin-Elmer Corporation
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Atomic Number 57

3dsp
Mg Ka
3dan
3pn
1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Binding Energy (eV) 3dsp = 8358 eV
CompoundType 833 834 835 836 837 838 839 A=1618¢eV 3dsp
La Edl

s s -

870 845 _ 820
Binding Energy (eV)
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Ceriimm Ce Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 58

Monochromated Al Ko, 3dsp

3d3n

3pin

1 1 - i - 1 acks

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 8838 eV - _
A=18.10eV 3dsp Photoelectron Lines

3pin 3pna 3 3dsn
1272 1184 902 884
3dspy

ds  dpin dpp ddp  Adsp 5s 5p
200 223 207 112 109 36 18

e Auger Lines
MasNasNas
833 (AD
s =S - 600 (Mg
94() 900 860

Binding Energy (eV)
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Cerium Ce
Atomic Number 58
3dsp
Mg Ka 3
1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Binding Energy (eV)
Compound Type 881 8% 883 884 885 886 3dsp=883.8 eV 3dsp
A=18.10eV
3dsp
Ce
CeAl -
CePds
CeSe
CeCusSiz -
CeO, -
CeH; -
940 900 860
Binding Energy (eV)
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Praseodymium Pr
Atomic Number 59

Handbook of X-ray Photoelectron Spectroscopy

Monochromated Al Ko,

3dspy

1400 1200 1000

3(15;2 =931.8 eV '
A=204cV 3dsp

3ds /
W,/f

9%0 950
Binding Energy (eV)

144

600 400 200 0

800
Binding Energy (eV)
Line Positions (eV)
Photoelectron Lines
3oz 3pin 3bn 3dsn
1339 1242 952 932
4 dpip dpn  4d 5s Sp
35 234 218 115 38 18
Auger Lines
MisNasNas
797 (Al
910 564 (Mg)
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Jandbook of X-ray Photoelectron Spectroscopy - Pr lymium Pr
Atomic Number 59

3d
Mg Ko W
3d3p
1200 1000 800 600 400 200 0
Binding Energy (eV)
. v
3ds» Binding Energy (eV) | 3dgy = 931.8 eV
A=204 eV

Compound Type 91 932 933 934 935
Pr B8] %)
P03 Ei
PO, B /—//

4d Binding Energy (V)

Compound Type [15 116 117
Pry(s
990 950 910
Binding Energy (eV)
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Neodymium Nd
Atomic Number 00

Handbook of X-ray Photoelectron Spectroscopy

3ds
Monochromated Al Ko
Idsp
3pan f
MNN
4d
4p
4
5
35 B
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp Line Positions (eV)
3(15_:2 = 9808 eV
A=226¢V
: Photoelectron Lines
3pin 33 3dsp
3dsp 1301 1003 981
s dpip dpp 4d 58 5p
320 245 228 121 = -39 19
"’V/ Auger Lines
MysNasNss
, ) , i 758 (Al
1040 1000 960 525 (Mg)
Binding Energy (eV)
Perkin-Elmer Corporation
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Atomic Number 60

Mg Ko 3dsp

MNN
4d
ds 4
55 9P
1200 1000 800 600 400 200 0
Binding Energy (eV)
3ds, Binding Energy (eV)
: 3dsp = 9808 eV 3d
Compound T 980 981 982 5 sn
- — A=226eV
Nd [
Nd103 3dyp
4d Binding Energy (eV)
Compound Type 119 120 121
Ndz03 | 0 T BT
Binding Energy (eV)
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Samarium Sm
Atomic Number 62

Hémdbook of X-ray Photoelectron Spectroscopy

3dyp

3dsn Monochromated Al Ko

MNN
4d
dp
4s
5
58 3
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
3dsp = 1081.1 eV Line Positions (eV)
A=268¢V 3dsp
Photoelectron Lines
3dap
3dyp 3dsp  4s dpip dppp A 5s 5p
1108 1081 349 283 250 129 4] 19
Auger Lines
Ma4sNasNas
682 (Al
449 (Mg
1140 T 1060
Binding Energy (eV)
Perkin-Elmer Corporatior
148 Physical Electronics Divisior



Handbook of X-ray Photoelectron Spectroscopy

Samarium Sm
Atomic Number 62

3dsp

Mg Ka

1000

1200 800 400 200 0
Binding Energy (eV)
3dsp Binding Energy (eV)_ 3dsp = 1081.1 eV
Compound Type 1081 1082 1083 1084 A=268¢V
Sm -
Sm:03 -

Perkin-Elmer Corporation @
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1100 1060
Binding Energy (V)
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Europium Eu
Atomic Number 63
3dyp 3dsn
Monochromated Al Kot
@i%‘% MNN
A
a DE
& MENCO
Y
Monns
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
3dsp = 11256 eV
A=298eV Photoelectron Lines
3dyz 3dsp 4 dpp dpn M Ss 5p
1155 1126 363 289 255 128 39 19
Auger Lines
MaysNgsNas
637  (AD
404 (Mg

1110

il

1150

1190

150

Binding Energy (eV)
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Europium Eu
Atomic Number 63

MNN
Mg Ka
4d
5p
1200 1000 800 600 400 200 0
Binding Energy (eV)
3ds;; Binding Energy (eV) Il
Compound Type 1123 1124 1125 1126 1127 1128 1129
Eu 5]
4d Binding Energy (eV) .
Compound Type 128 129 130 131 132 133 134 135
Eu 5]
Eu03 - . 4 . <.
180 150 120
Binding Energy (eV)
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Gadolinium Gd
Atomic Number o4

Handbook of X-ray Photoelectron Spectroscopy

Monochromated Al Kot

1400 1200

1000 800

Binding Energy (eV)

4d = 1404 eV

4d

Binding Energy (eV)

182

130

Line Positions (eV)

Photoelectron Lines

dbsp  3dsn
1218 1186

4  dpip dpp 4d s 5p 4Af
318 291 2 140 43 21

(=]

Auger Lines
MasNasNas
602 (Al
369 (Mg)
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{andbook of X-ray Photoelectron Spectroscopy Gadolinium Gd

Atomic Number 64

Mg Ka.
MNN
Ad
Af
S5
1200 1000 800 600 400 200 0
Binding Energy (eV)
4d Binding Energy (eV
i )‘ 4d=1404 eV
Compound Type 140 141 142 143 144 4d
Gd
Gd:03 7]
3dsp, Binding Energy (eV)
Compound Type 1187 1188 1189 \,,\
Gd & - " A T— .L-.——J
180 130

- Binding Energy (eV)
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Terbium Th
Atomic Number 65

Handbook of X-ray Photoelectron Spectroscopy

3dap

342 Monochromated Al Kat

MNN

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
4d = 146.0 eV Line Positions (eV)
4d Photoelectron Lines
3d3n  3dsp
1276 1241
‘__'__,/"\u 4 dpp dpp 4 S5 Sp 4
s 06 3 WS 146 S5 008
Auger Lines
MasNgsNas MysNysV MsVV MVV
559 411 260 230 (Al)
42 178 (Mg)
Tw ‘ e
Binding Energy (eV)
Perkin-Elmer Corporation
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Terbium Tb

Atomic Number

1200 1000

800

65

Binding Energy (eV)

4d Binding Energy (eV)
Compound Type 45 146 147 148 149
Tb
Tb;03 = 40 = 146.0 eV
ThO;

3dsp Binding Energy (eV)
Compound Type 1240 1241 1242
T
Toy03 e =
Tb0, [ 190 140

Binding Energy (eV)
Perkin-Elmer Corporation
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Dysprosium Dy Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 66 '

\ 3dsn

Monochromated Al Kot

3dsp

MNN

i 1 'l

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)

Line Positions (eV)
4d=1524 ¢V

Photoelectron Lines

3dyp  3dsp
1333 129

4s  dpip dpn 4d 58 5p 4
417 331 297 152 48 23 8

Auger Lines

MysNysNas MysNgsV
526 368 (Al

200 170 140
Binding Energy (V)

Perkin-Elmer Corporation
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Dysprosium Dy

Atomic Number

66

4f
5p
58
1200 1000 800 600 400 200 0
Binding Energy (eV)
4d Binding Energy (eV) '
Compound Type 152 156 160 164 168 4d=1524eV j\
i
Dy »'\J’U 4d
Dyz03
3dsp Binding Energy (eV)
Compound Type 1287 1289 1291 1293 1295
Dy
Dy03 i . : ...
200 170
Binding Energy (eV)
2erkin-Elmer Corporation
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Holmium Ho

Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 67

3dap

Monochromated Al Kot

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
' Line Positions (eV)
4d=106¢eV i 4d Photoelectron Lines
dip Msp 4 dpp dpn A
1393 1352 435 353 309 160
55 Spin Smn  4f
9 30 U 9
Auger Lines
MasNysNas MysNasV MsVV
488 314 17 (Al
20 B 150
Binding Energy (V)
. Perkin-Elmer Corporation
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Holmium Ho
Atomic Number 67

4f

3p

5s

1200 1000 800

Perkin-Elmer Corporation @
Physical Electronics Division

200

400
Binding Energy (eV)
=
4d Binding Energy (eV)
Compound Type 158 159 160 4d=159.6eV
Ho i

200

Binding Energy (eV)

150
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Erbium Er
Atomic Number 68

Handbook of X-ray Photoelectron Spectroscopy

Monochromated Al Ko,

af
5p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positi \"
4d=1673 eV it & FOSEE (C1)
Photoelectron Lines
4 dpip dpn 4 5 Spin Spp A
451 368 321 167 52 31 24 9
Auger Lines
MysN4sNas MysNysV MsVV MgVV
L 440 273 98 56 (Al)
210 160
Binding Energy (¢V)
Perkin-Elmer Corporation
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Erbium

Er

Atomic Number 68

dpip 4d
Mg Ka
4s dpin
Ar
4f
5p
35
1200 1000 800 600 400 200
Binding Energy (eV)
4d Binding Energy (eV)
Compound Type 167 168 169 4d =167.3eV
Er |y
Er =]
Er05 (i
210 160
Binding Energy (eV)
Perkin-Elmer Corporation @
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Thulium Tm Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 69

Monochromated Al Kot 4p3n 4d

af]

— g

58

A 1 1 1 L

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)

Line Positions (eV)

4d=1754 ¢V A

Photoelectron Lines

4 4dpn dpn M S Spin Spw 4
470 384 33 175 53 32 25 8

Auger Lines

MysNgsNas
398 (Al

220 190 160
Binding Energy (¢V)
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Atomic Number 69

4

1200 1000 800 600 400 200 0
Binding Energy (eV)

4d Binding Energy (eV)
Compound Type 174 175 176 4d=1754¢V

T =L

220 190 160
Binding Energy (eV)
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Ytterbium Yb Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 70

Monochromated Al Ko

dp3n

dpin

p

58

' 1 1 1 . A 1

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)

Line Positions (eV)

4d = 1824 eV

Photoelectron Lines

4 4dpn 4dpn U 55 Spin Spn M
482 389 34| 182 51 30 24 3

A e e i s, T
220 170
Binding Energy (eV)
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Handbook of X-ray Photoelectron Spectroscopy Ytterbium Yb
Atomic Number 70

Mg Ko 4d
'“ 4
4p3n
” dpin
p
58
1200 1000 800 600 400 200 0
Binding Energy (eV)
4d Binding Energy (eV)
Compound Type 181 182 183 184 185 186 M=1824c¥
4d
Yb =)
Yb:05 [
W :
‘ . e
220 170
Binding Energy (eV)
Perkin-Elmer Corporation @
Physical Electronics Division 165



Lutetium Lu Handbook of X-ray Photoelectron Spectroscopy

Atomic Number 71

Monochromated Al Ko af
dd
4psn
dpin
4s
Ar
5
58
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
4ip=13 eV , 4y Line Positions (eV)
A=15¢eV
) iy
Photoelectron Lines .
4  dpp dpn ddp  ddsp
509 413 360 206 196
5s Spin Spn 4fsp dfp
57 34 il 9 Y i
[ —
0 N 15 ‘ 0
Binding Energy (eV)

Perkin-Elmer Corporation
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Lutetium Lu
Atomic Number 71

4f
4d
5p
38
1200 800 600 400 200
Binding Energy (eV)
indi V
4f;p Binding Energy (e ) Uy =73 &V
Compound Type 5 6 17 8 A=15eV 4fsp 4y
Lu &
M
20 10
Binding Energy (eV)
Perkin-Elmer Corporation
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Hafnium

Hf

Atomic Number 72

Handbook of X-ray Photoelectron Spectroscopy

4
Monochromated Al Ko
NNN
ddsp
4dyn
NNN
1340 1310 1280
Binding Energy (V) dpa
5p
5s
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV
4fm =143 eV 4fm ( )
A=L1TleV
Photoelectron Lines
4 dpip dpn 4
534 437 /0 222 211
35  Spn Spn 4sp 4fp
63 38 30 16 14
Auger Lines
NsNgiN7 NaNg7N7
1317 1306 (AD
k - 1084 1073 (Mg)
25 15 5
Binding Energy (eV)
Perkin-Elmer Corporation
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Atomic Number 72

af
\\—L
Binding Energy (cV)
5
5s
1200 1000 800 600 400 200 0
Binding Energy (eV)
4f;, Binding Energy (eV
i DG Enesgy (EV) Mp=143eV g4
Compound Type 14 15 16 A=171eV n
fsn
b e
Hi0, (=]
4ds; Binding Energy (eV)
Compound Type 212 213 214
Hi = - N
HIO, 2% 5 s
Binding Energy (eV)

Perkin-Elmer Corporation m -
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Tantalum Ta Handbook of X-ray Photoelectron Spectroscopy

Atomic Number 73

Monochromated Al Ko NNN
4f

1310
Binding Energy (eV)

1 1 1 1 1 L J
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
4 Line Positions (eV)
4f;p =219V okt T
A=191¢eV

4  dpip 4pn  4dyp ddsp
563 463 401 238 226

5s Spin Spin Msp dfip
69 43 33 24 n

Auger Lines

NsNg7N7 NaNg7N7

1318 1306 (Al
=l 1 ] 4 : 1085 1073 (Mg)
35 2 15
Binding Energy (eV)
Perkin-Elmer Corporation
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Handbook of X-ray Photoelectron Spectroscopy Tantalum Ta

Atomic Number 73

Mg Ka

4f

[ ——
————

NNN

4dspy

ddsp

Binding Energy (eV)

1200 1000 800 600 400 200 0
Binding Energy (eV)
4fy Binding Energy (eV)
CompoundType 21 22 23 24 25 26 21 28 dfip=21.9¢eV 4
A=191¢V
4fsp
Ta .
TaS .
TaS: .
Halides -
Ta:05 .
Bre(TagCly2)(BusN) '
Cly(TasCli)(ELN)z illjm /
f’ \_w_/
35__ _ iﬁ o 15
Binding Energy (eV)

Perkin-Elmer Corporation ®
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Tungsten W Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 74

Monochromated Al Ko. \‘ﬁ -
4

1340 1310 1280
Binding Energy (eV)

: ; ; ; r . L
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
4fm =314eV >
A=218eV 4fsn Photoelectron Lines
4 dpn dpn 4Adw ddsn
4fsp 594 491 424 256 243
55  Spir Smpn 4sn  dhn
15 47 37 33 31
Auger Lines
SPE’ NsNg7Ny NgNg7N7
L~ 1320 1307 (A))
. 1087 1074 (Mg)
45 35 2
Binding Energy (V)
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Tungsten

W

Atomic Number 74

Mg Ka.

NNN

NNN

1100

Binding Energy (eV)

A

2k

1200

1000

800

600

400

Binding Energy (eV)

Compound Type

3

4f3, Binding Energy (eV)

kY

33 34

35 36

37

200

38

W

WwC

WS2

Halides
WOCL
Oxides
Tungstate
RmW0s
CLW(EtsP)
ClSnW(CO)(CsHs)
PhsPW(CO)s

-

4fm 314 eV
A=218eV

4t

Spm

45

Perkin-Elmer Corporation
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35
Binding Energy (eV)
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Rhenium Re Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 75

Monochromated Al Koo 4hp

4fsp

1340 1310 . 1280
Binding Energy (eV)

ddsp

. | . . . . L

1400 1200 1000 800 600 400 200 0

Binding Energy (eV)
My =403 eV & Line Positions (eV)
A=243¢V ®
Photoelectron Lines
4f; 4s  dpin dpp ddp ddsp  Ss 4fsp dfgp
o 625 518 446 274 260 99 42 40
Auger Lines
NsNg7Ny NaNg7N7
1322 1309 (Al
1089 1076 (Mg)
___‘__________’_,/
SGﬁ" 40 30
Binding Energy (V)
Perkin-Elmer Corporation
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Atomic Number 75

Mg Kot k/ NNN 4fp
dfsp
1100 1050
NNN Binding Energy (V)
4dsp
4d3n
4pn
45
L/’Si_/\/\‘
A1 — - A1 1 K ,

1200 1000 800 600 400 200 0
Binding Energy (eV)

Chemical State Database

Compound Type 40 4l 42 43 44 45 46 47
Re B3
ReO; ]
Re0; q
K:ReClg

ChReO(PhsP);
ChReN(PhaP),

CliRe(EtsP)2

CliRe(PMezPh), |
CliRe(PMeaPh); mer .
ChRe(PMezPhs rans | I AN

CIReNa(PMezPh)gtrans 50 O 0
Binding Energy (eV)

4f‘y2 =403 eV 4f7f2
A=243eV

4fsp

Perkin-Elmer Corporation @ ‘
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Oanikiin Os Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 76

ted Al K F i 1 -
Monochroma o \j\ NNN
4fsp
L) - 1290 °
Binding Energy (eV) 4dspy
4dsp
NNN
4pan
& 4in
A
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
4f7p =50.7 eV 4
e mn
A=2T2eV Photoclectron Lines
4fsp 4 dpip 4pp 4dap  4dsp
658 548 471 293 279
5%¥ disp. 4hp  Sp
89 54 51 44
Auger Lines
NsNg7N7 NaNgN7
5p 1326 1311 (A))
_ I e T 1093 1078 (Mg)
60 50 40
Binding Energy (eV) *Estimate
Perkin-Elmer Corporation
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Osmium Qs
Atomic Number 76

Mg Ko

NNN

NNN

1110

1080
Binding Energy (eV)

4o

dfsp

N

1200 1000 800

600
Binding Energy (eV)

4f7p Binding Energy (eV)
Compound Type 50 51 52 53 54

400

200

Os [ |
050,

KaOsls

K2OsBrg
K20sClg
OsCl(EuP), -
OsCly(PhPMe2); trans
OsCl3(PhPMes); mer
OsCly(PhPMes)s trans .

Perkin-Elmer Corporation @
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4f3p = 50.7 eV
A=2T2eV

4fsp

4z

50
Binding Energy (cV)
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Iridiom Ir Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 77
Monochromated AIK0,€ [ 4
onochro o
g NNN
4fsp
WRESS——- ... |
1350 1320 1290
Binding Energy (¢V) 4dsp
Ar 5p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
A=298¢V Photoelectron Lines
4 dpin dpan 4ddp ddsp
692 578 495 312 297
55  4dfsp 4 5p
96 64 6l 48
Auger Lines
NsNg7N7 NaNg7N7
L —— 1329 1314 (A
75 65 55 ‘ 1096 1081  (Mg)
Binding Energy (V) *Estimate
Perkin-Elmer Corporation
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Iridium

Ir

Atomic Number 77

Mg Ka

NNN

1110

Binding Energy (V)

4dsp

4fp

4fsp

1200

1000

800

400

Binding Energy (eV)

Compound Type

4f7p Binding Energy (eV)

60

6l

62

63

65

Ir

IrCls

KalrBrs
KsIrBrs
KalrCls
KsIrClg
(NHy)alrCls
(NHy)irClg
KIrCIsNO
Kir(CO)Cls
Kalrz(CO)Cls

i-

Perkin-Elmer Corporation @
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4fm = 609 eV
A=298eV

4o

65
Binding Energy (eV)
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Platinum Pt Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 78 -'

4fp
Monochromated Al Ko
\ NNN 4fsp
1350 ‘ 1300
Binding Energy (eV) 4dspy
Ar 5p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV
4f7,q =T71.2eV 4{.”2 ( )
A=333eV
Photoelectron Lines
4fsp
48 dpip  dpap  4dyp  ddsp
725 609 520 332 315
5% 4fsp  4fp Sp
103 T4 71 52
Auger Lines
I:///r : NsNg7Ny NgNg7Ny
= - 1334 1317 (A
© — 68 101 1084 (Mg)
Blﬂdiﬂs Ermgy V) *Estimate
Perkin-Elmer Corporation
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Platinum

Pt

Atomic Number 78

Mg Ko L 4fyp
. ™~ NNN
dfsp
-”\\
NNN \\\\.
C 120 1090 1060
Binding Energy (eV) 4dsp
p
1200 1000 800 600 400 200 0
Binding Energy (eV)
4f7p Binding Energy (eV)
CompoundType 71 72 73 74 15 176 78 iffé ;761\;2 eV 4
M [ I
PiSi
PiSi .
PiCl, .
PIClq .
Oxides -
Py(OH), .
(V) Halds T 2
ChLPU(PhsP) cis | | e
IoPt(MesP), cis .
1:Pt(MesP); trans 85 75 65
H Binding Energy (eV)
Perkin-Elmer Corporation @
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Gold Au Handhook of X-ray Photoelectron Spectroscopy
Atomic Number 79

df3p
Monochromated Al Kot

4fsp

| W

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
4f;p = 84.0 eV . Line Positions (eV)
A=367¢eV Photoelectron Lines

4  dpin dpin ddp  4ddsp
763 643 547 353 335

5s¢  dfsp  4fip Spin Span
110 88 84 74 57

Auger Lines
N57045045 NsNgNe7 NaNgNe7 NsNe7V
1416 1342 1324 1247 (Al
i . : A . i . . 1183 1109 1091 1014 (Mg)
100 90 80
Binding Energy (eV) *Estimale
Perkin-Elmer Corporation
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Gold

Au

Atomic Number 79

Mg Ko

Afspn

4fin

1200

800

600 400

Binding Energy (eV)

‘Compound Type

4f;p Binding Energy (eV)
83 84 85

86

87

88

200

4fyp = 84.0 eV

Au

AuSn

AuSnq

YbAw
ClAuPhsP
ClAu(PhsP);
CliAuPhsP
(PhsP)AuNO;
ClAu(PhAs)
{(-AuSPEL:S-)
(-AuCH2PEt:CHa-)2

"

.II B&

'

A=367eV

e

4sp

43

Perkin-Elmer Corporation @
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Mercury Hg
Atomic Number 80

Handbook of X-ray Photoelectron Spectroscopy

412
Hg in HgS J
Monochromated Al Ko, NOO
4sp
1415 1380
Binding Energy (eV)
4dspn
S
S
o ad
5p
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
4 Line Positions (eV)
4fzp = 1010 eV Photoelectron Lines
A=4,05eV

4 dpip dpwn  4dyp  4dsp 5sF

805 682 579 381 361 125

Msp  4hp Spin Spz Sdip Sdsp

105 101 85 67 12 .10

Auger Lines
N7045045 NsN70 N4NgO
. 1412 1246 1230 (Al)
, e oy - 1179 1013 97 (Mg)
115 105 95
Binding Energy (eV) *Fslimate
Perkin-Elmer Corporation
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Mercury

Hg

Atomic Number 80

Hg in HgS
Mg Ko

NOO

1185

1165 1145
Binding Energy (eV)

4f5;2

4f1n

5p

5d

1200

1000 800

A

600 C 400
Binding Energy (eV)

Compound Type

4f7 Binding Energy (eV)

99

100 101 102

200

4f7,r1 =101.0eV
A=405¢eV

Hg

HgpsCdgaTe

HgS

Hgl

HgBr,

HeCly

HgF,

HgO
EtNCsHiHgOAc

(PhaP),Hg(SCN)4

Hg(thiodibenzoylme),

-

"

i

—

4y

e,

115

Perkin-Elmer Corporation
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Binding Energy (eV)
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Thallium  TI

Atomic Number 81

Handbook of X-ray Photoelectron Spectroscopy

4f1n
Monochromated Al Ko 00 |
|~ 4fsp
41 1400 1385
Binding Energy (eV)
5d
Spin
o
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
[ -
U= 1177 €V 4y, Line Positions (eV)
A=442eV Photoelectron Lines
4fsp 4 4dpn dpn 4 ddsp 5t
847 720 610 406 385 133
Afsp  4fp Spin Spin Sdip Sdsp
122 118 95 74 15 13
Auger Lines
N7045045 N604s045 NsN70s NaNg705
- 1401 1399 1241 122 (Al
o ' PR, L 1168 1166 1008 989 (Mg
130 120 10
Binding Energy (eV) *Estimate
Perkin-Elmer Corporation
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Atomic Number 81

[ e = 4fin
Mg Ka /\ NOO

dfsp

. i

1180 . 1165 1150
Binding Energy (V)

NNN

4dsp

5d

5p

1200 1000 800 600 400 200 0
Binding Energy (eV)

4f;, Binding Energy (eV)

df5p = 117.7eV
C T 17 118 19 n 4f
ompound Type 11 120 A AL eV m

m [ Hsn
T =

TIBr
TICI
TIF
TLS
ThSa

ThOs -

_ChT(pyridine); ) _ e )

ClgTh(PhPEt)s 130 120 110
* ' Binding Energy (eV)
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Léad Ph Handbook of X-ray Photoelectron Spectroscopy
Atomic Number 82

- 4
Monochromated Al Kot
NOO
M
dfsp
_ 1405 1390 1375
NOO ' Binding Energy (¢V)
ddsp
NNN 4o
4pn
i 4s 4pin
Spin
Spn
1400 1200 1000 800 600 400 200 0
Binding Energy (eV)
Line Positions (eV)
4f'm =1369eV 4f7!2
A=486eV Photoelectron Lines
893 762 644 434 412 150
dfsp 4z Spir Spn S Sdsp
142 137 107 84 21 18
Auger Lines
N7045045 N6045045
1394 1391 (A
_ o . 1161 1158 (Mg)
150 140 130
Binding Energy (V) ; *Estimale
Perkin-Elmer Corporation
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Lead Pb
Atomic Number 82

NOO

Mg Ko

- 1170
NNN

i 1

S

4fsp

1155 1140

Binding Energy (¢V)

4fn

1200 1000 800

600
Binding Energy (eV)

400

4f;, Binding Energy (eV)

Compound Type 136 137 138 139

4f7;2 =1369 eV

140 4:n

PbTe =
=
Halides
PbO
PbyOs
Pb0;
Pb(OH);
Pb(NO3)2
PbSO;
PbSO4

A=486eV
4fsp

R e e T

140
Binding Energy (eV)

Perkin-Elmer Corporation
Physical Electronics Division
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Atomic Number 83

- df1p

Monochromated Al Ko, NOO “
sn

1405 1390 1375
Binding Energy (eV)

1400 1200 1000 800 600 400 200 0
Binding Energy (eV)

Line Positions (eV)
4fm =157.0eV

A= \Y
2l Photoelectron Lines

4Afsp

4 dpip 4pp 4dp ddsp 55F
940 806 679 464 440 161

4fsp 4 Spp Spwe Sdn  Sdsp
162 157 119 93 27 24

Auger Lines
N7045045 Ng045045
i— : : ; 160 : . 5 1387 1383 (Al
70 ! 1154 . 1150 M
Binding Energy (eV) : *Estimate e
Perkin-Elmer Corporation
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Bismuth

Bi

Atomic Number 83

Mg Ka
NOO

o

dfn

NOO 4fsp

1170

] 1

1155
Binding Energy (eV)

1140

1200 1000 800

600

Binding Energy (eV)

4f5n Binding Energy (eV)
Compound Type 156 157 158 159 160

161 162

Bi
BixS3
Bil;

BiFs
Bin03

NaBiOs =
BizMoOg ]
BixTiOy
(Bi0)Cr0r
Bix(S04)s - H:0

BiOCI o7

Perkin-Elmer Corporation
Physical Electronics Division

4fm =157.0eV
A=33leV

4f1;3

4fsy

170 160

Binding Energy (eV)

150

101
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Thorium Th
Atomic Number 90
Monochromated Al Ko \/ ” 4fin
NOO n
Sdsp  Sdsp
\il/
5p
Ar
3s 6369
1400 1200 1000 800 600 400 200 0
¢ Binding Energy (eV)
Line Positions (eV)
4n=3332eV )
A=934eV 4fsp Photoelectron Lines
4* dpip dpp ddp 4dsp  dsp  dfp
1330 1170 965 713 676 M2 3B
5 Spin Spn Sp S 65 bpin Opn
294 234 177 93 8 42 25 17
Auger Lines
NeO23V Ng7045045 N70405 Ng70usV
1419 1404 1335 1239 (Al)
1186 1171 1102 1006  (Mg)
355 340 325
Binding Energy (¢V) *Estimate
Perkin-Elmer Corporation
Physical Electronics Division
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Thorium Th
Atomic Number 90

Mg Ko 4
g \/ - 4fsp
- v
Binding Energy (eV)
4dyp 4dsp
3dsp
Sdap /
Ar 55 Sp \ &
1200 1000 800 600 400 200
Binding Energy (eV)
dine E N 1

4f;; Binding Energy (eV) 4, =3332 eV
Compound Type 33 334 335 336 3W A=9MeV  Afy
Th
ThO, =
THF, =

4ds, Binding Energy (eV) _
Compound Type 674 675 676
Th (| el
ThO, DR | 355 340 25

Binding Energy (V)
Perkin-Elmer Corporation @
Physical Electronics Division 107




Uranium U
Atomic Number 92
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Monochromated Al Ko

NOV

1430

1200

1400
Binding Energy (eV)

1370

4f1n
4fsp

1400 1000 800 600 400 200 0
Binding Energy (eV)
df; =3713 eV 47 Line Positions (eV)
A=1089eV  4f;, Photoelectron Lines
dpin 4dp2 4 ddsp  4sp  4p
122 143 719 736 388 37
55 Spp Spn Sk Sdsp 6 6piz Opn
3 260 195 103 94 44 26 17
Auger Lines
NgO2V Ny02305 Ng045045 Ng704sV
1412 1396 1386 1204 (Al
"~ . s 1179 1163 1153 971  (Mg)
400 385 370
Binding Energy (eV)
Perkin-Elmer Corporatior
1%4

Physical Electronics Divisiol
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Uranium U
Atomic Number 92

N 4fip
Mg Ko ~ 4
~ NOO -
e
L= — ___._.\‘_\._:.::—)J
NOO 1190 ' 1140
Binding Energy (eV)
Sy dsn
3
1200 1000 800 600 400 200 0
Binding Energy (eV)
4f;, Binding Energy (eV) ’7
4fp=3713eV
CompoundType 377 378 379 380 381 382 383 2 089eY 4fn ﬂ
U & 4fsp || 1
Tellurides
Selenides
Sulfides
Halides |
Oides / |
>
Oxy Halides B _ ] \
U(SOun = —
Ulacac)s
CalOy4 e ——— . ]
KaUFé 400 38 370
Binding Energy (eV)
Perkin-Elmer Corporation

»

Physical Electronics Division
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Appendix A. Auger Parameters

The following tables plot the binding energy of the most intense photoelectron line versus the kinetic energy of the most intense Auger transition. The Auger
parameter plots are useful for further separation of the chemical states.

1344

NiF, 685.0 655.5

/

:

LiF 685.1 654.7 / /
InF3 6852 656.4 / / CF /

KoTaF; 6852 655.0 :

YF; 6853 655.8 652

NayTiFg 6853 655.1

NaSnFs 6853 6553

662 1342

Fluorine / /
Compound Fls FKLL /

Binding Energy (¢V) Kinetic Energy (cV) -
AgF 6827 659.3 o0 1340
PbF, 683.6 658.5 :
BaF, 6837 656.2
K3FeFy 684.0 656.0
NaF 6845 - 6550
CdF, 684.5 656.0 658 ' 1338
CuF, 684.5 657.0
CuF, 684.5 656.2
Cuf; 684.5 656.2 " etal Fluoyides
LaFy 684.5 658.0 ~ I
ZnFy 684.6 655.6 L ; i I
PrFs 684.6 6572 @ 656 e 1336
SmFs 684.6 657.0 & Iy .
KoZrFg 684.6 655.1 2 ‘I ' |
CaFy 684.8 655.4 5 ]
NdFs 6848 657.0
ThF, 6849 657.0
K,TiFg 6849 655.7 654
Sty " 6850 6563 /

[

HiF4 6854 655.3
K;NbF; 685.4 655.2 /
HARS g i P HH
685.3 6544
- 659 6518 690 689 688 687 686 685 684 683 682 681 680
Na;GeFg 6859 654.0 Binding Energy (V)
NaSiFg 686.0 653.0
KSbFg 686.6 656.6
NaBFy 687.0 652.8
NiOOCCF3 688.4 652.9
p-(CF=CP) 689.0 6524
Perkin-Elmer Corporation

198 Physical Electronics Division

Afrsug uoioyd + Jaswnnieg 1a8ny



Handbook of X-ray Photoelectron Spectroscopy Appendix A. Auger Parameters

1000
Sodium Fluorides
§
Compound Na Is NaKLL 998 : 2088
Binding Encrgy (¢V) Kinetic Energy (eV) /
NaySeOs 1070.8 91.0 i
NanCy0; 10708 990.5 |
NayMoOy 1070.9 91,0 996
NaAsO, 1070.9 990.7 ' s |~ e
NaF 1071.0 998.6 = 2]
NaCrOg 1071.0 912
NasPO; 10711 990.1 = | 1/
NaH,PO, 1071.1 9098 904 —" Mefals 2084
NaSnOs« 3H,0 10711 9903 N _ = [ 2]
NaOAc 10711 989.9 A e | ‘
NaF 10712 998.6 Z s
Nay SOy 1071.2 989.8 g / /
{4}
NaOOCCHSH 10712 904 S el 2082
NayS03 1071.3 990.4 é / o
Na 10714 943 ; '
Na 10714 9945 ek, | D 4
NaBr 0714 . 9906 = POy J{ i .
NaNO; 10714 989.6 990 g Y 2080
NayCrO4 10714 912 SELUNRTL i
NeCl 0715 9901 -~ | 1] //
NaCOs 10715 989.8 | il i
NaHPO, 10715 989.7 / . I i
N#$103 10716 990.1 988 i
NaNO, 10716 989.8 ] 1
Na:CrO; 10716 990.6 //
Nal 1071.7 9912 -
NaBr 10717 990.6
Na,CO3 10717 998 9864”.!/!!!!!1.4!-! AR FFETH ARTR) ST P
NaOAc 1071.7 .9 1074 1073 1072 1071 1070
Na 10718 9943 Binding Energy (cV)
NaCl 10718~ 9%0.1 .
NaCl 10725 990.0
N0 10725 989.8
Mol Sieve Y 10726 987.8
NaBF; 10727 087.1
Perkin-Elmer Corporation
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1395 1467
- L]
Aluminum //
1394 . 1466
Compound Al2p AIKLL 5 ] ot Metal
Binding Encrey (¢V) Kinetic Energy (eV) | 2=
Al 78 13933 133 1465
AlAs 736 13912 // . /V //
AlO3, gamma B 1387.8 Cad L~ Es
AbOs, alpha 739 138822 1392 1464
ALO;, gamm 740 13878 P )\/ P
Al(OH);, gibbsite 740 13874 | | ; =
AhO;, sapphire 742 13878 1391 - 1463
AIOOH, boehmite 742 13876 - = » |
Al(OH)3, bayerite 742 1387.7 3 L1 L~ 1
s L =
Al03, gamma 743 13878 B 1390 i
AN 44 1389.0 g V
ALSiOs, sillimanite ~ 74.6 13869 P L~ B //
: =d L g5
% 1389 < —+ 1461
| .~ P
// Oxides| // //
* 1388 o I
L1 L/A L~ //
1387 i A
' L1
//
1386
1385 Lt
75 74 73 72
Binding Energy (V)
Perkin-Elmer Corporation
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1618 L 1716
Silicon / i 'l"i"‘a] Silic]
Compound Si2p Si (KLL) / //
Binding Encrgy (eV) Kinetic Energy (eV) 3
1616 s i 1714
Si 9.5 16166
MoSi 9.6 16172 / /
PdSi 9.8 16174
Mol Sieve A 101.4 1610.1 '
Hydroxysodalite 101.7 1610.7 :
SisNg 101.8 16126 1614 1712
Mol Sieve X 1022 1609.4
Natrolite 1022 1609.6
Mica, muscovite 1024 1609.6 =
Wollastonii, CaSiz0p  102.4 1610.0 d i Nitfideé
p-Methylsil. (linear) 1024 1609.4 %
LiAISi;0g, spodumene 102.5 1609.6 ¥ 1710
NeAISiiOg, albite  102.6 16092 2 | ~
AISiOs, sillimanite  102.6 1609.5 g ' / / /
p-Phenylsil. (resin) * 1027 16100 X |
Mol Sieve Y 102.8 1608.7 !
Pyrophyllite 102.9 16092 1610 - I
p-Methylsil. (resin) ~ 102.9 1608.8 o
Kaolinite 103.0 1609.0 Ly 'y Oxides /
Tale, Mg:Sis0o(OH), 103.1 1608.9
$i0;, alpha cristobal  103.3 1608.8 pa
H Zeolon 103.3 1608.4 ' /
5i0, gl 1034 16083 1608 LY
Si09, Vycor 103.5 1608.5
5i0 103.6 1608.8 /
Si0y, quartz 103.7 1608.6
1606 A+
104 103 102 101 100 99 o8
Binding Energy (eV)

Perkin-Elmer Corporation m '
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2280
2118 £ p 2278
Sulfur
2116 3 ‘:° 276
Compound S$2p SKLL
Binding Energy (ev) Kinetic Energy (eV)
2114 274
WS, 162.1 21156
NiS 1622 2116.)
WS, 163.0 21156
NipSOs 1656 21085 2112 2212
NapSO3 166.6 2108.5
NipSO; 1672 21085
S0, 167.4 21062 2110
S0 168.] 21062 g
CuS 0y 169.3 21080 <
SFs 1744 21005 g _ L
SF m2 21005 g 2108 —
g Xid
G
‘ 2106 a
24 /
/ / |
2102
idlera
i
2100
2098 // H:KH:: HHHHH
180 178 176 174 172 170 168 166 164 162 160
Binding Energy (¢V)
Perkin-Elmer Corporation
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1853 1852
921 - - 1851
Copper

Cu u LMM
b G amﬁﬁgmn Kier a.%(w, 920 - - 1850
CupMo3z0y9 931.6 916.5
CupSe 931.9 9176
CuAgSe 9319 0177 919 . 1849
CuSe 932.0 918.4
CuS 9322 917.9 ; ]
CuBry 9323 9169
CipS 932.5 9174
CuCl 932.5 9150 8 ! s 1948
CuCl ' 9325 9156 |
C10 9325 9162
C10 932.5 9162 N p
Cu,0 932.5 9166 s 1847
Cu0 932.5 9172 rs :
Cu 932.6 9186 g !
Cu 9326 9187 Z Cady
CugiZas %6 9186 £ o6 ! /o
Cu 9326 9186 g
Cu 932.6 918.7
Cu 9327 918.6 4
CuCN 933.1 9145 -
CuC(CN)3 9332 9145 t
Qo 9337 918.1
CusMo0y 934.1 9166 , "
CuMoOy 934.1 916.6
CuCry04 934.6 918.0 914
CuSio; 934.9 9152
CuCO; 935.0 9163
Cu(OH), 935.1 9162
i, i M oA H
i <l 938 937 936 935 934 93 932 931 930
CuFy 936.1° 916.0 Binding Energy (cV)
CuF, 936.8 9144
CuF 937.0 9148

Perkin-Elmer Corporation m
Physical Electronics Division
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995
Zinc
994 2014
Compound n 2pip Zn LMM L
Binding Energy (¢V) Kinetic Energy (eV)
Zn(acach 10214 987.7 3 . s
CugeZnzg 1021.6 992.7
7n0 1021.75 9885 ; Mot
Zn 10218 9931 992 2012
7n 1021.89 992.1
7nCh 1021.9 989.4 /
Z045i207(OH) + 2Hp0 1021.96 987.3 2011
7nS 1022 989.7 L / /
7nF, 10222 9862
700 10225 987.7 z / / 0
Ty 10228 9867 s 9% ; 2010
Ink 1023 988.7 § / 1'0x:
ZnBry 1023.4 9873
_ E 989 // / // / / 2009
1
988 / / / 2008
1 i
987
/_ ' Halide
986 '
R85 HHHHHHHHH A
1025 1024 1023 1022 1021 1020
Binding Energy (eV)
Perkin-Elmer Corporation
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1228 1268
Arsenic
Arsenide
Compound As3d  AsIMM e | +— 1266
Binding Energy (V) Kinetic Energy (V)
NbAs 408 12260 J
GaAs 40.8 12253 1224 . 1264
As 41.6 12248
PhyAs 0.8 1221.1
AsySey 09 12223 b
Asly 43.5 12229 1222 i 1
MeAsl, 85 12223 1262
PhyAsS 4. 12200
NaAsO, 42 12195 -
PhsAsO 43 12195 % 4
Asy03 “49 1288 5z 1220 1260
AsBr3 453 12181 E :
NaHAsO4 455 1217.1 %
Asy0s 462 12175 g B Oxides
KAsFg 480 12138 . 2 1218 1
; 1
]
1216
1214 -
Fluori
212 B - e e
52 50 48 46 44 42 40
Binding Energy (¢V)

Perkin-Elmer Corporation m
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Selenium
Compound Se 3d Se LMM
Binding Energy (V) Kinetic Energy (eV)
Se 55.1 1306.7
Se 555 1307.0
PhySe 558 . 1304.0
PhySep 558 1304.3
Ph;Se0 576 1301.9
Cl;SePhy 517 1302.9
1;SePhy 58.1 1302.1
Se0; 589 1301.4
NaSeO3 59.1 1301.2
HySeO3 592 1300.8
H,SeO4 612 1297.9
mnea

Kinetic Energy (eV)

1310

1308

1306

1304

1302

1300

1298

1296

Handbook of X-ray Photoelectron Spectroscopy

//,/"/]
AT
-
A
'/./ //
v

inding Energy (eV)

Perkin-Elmer Corporation
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726
Silver //
Meal| |
Compound  Agld Ag MNN i /
g Encrgy (eV) Kinelic Encrgy (eV)
Binding Energy (eV) K 358 /I / 724
Agky 367.3 3496
AgO 367.4 3555 L 5
AgF 3677 493 25 T L
CuAgSe 367.8 513 ’ / /
AgSe 367.8 3514 356
Ag:0 3678 3566 e / 722
AgS04 367.8 3542 " : L7
Agl 368.0 350.1 S
AgO 368.0 3506 c P ' 2%
ApS 368.1 3512 a 354 / /'/
Ag 368.2 3582 & 720
Ag 368.2 3579 2 =i ]
Mga1Agn 368.3 352.] 2 / /
Ag2804 368.3 354.7 %
Ag0 368.4 3506 7] o |
ngoﬁgso 368.7 3519 352 i | /
AlgoAgeo 368.8 3517 T
MgorAgs 368.8 322 | 1 / |8
AgOOCCF; 368.8 355.1 LT = ! ]
A.IgsAgj 369.0 3515 / Alloys /
I
350~ 2
2 | ¢ Flurides
/ il l
348 e oo I 0 O T S S I AN
370 369 68 %7 366
Binding Energy (V)
Perkin-Elmer Corporation @ '
Physical Electronics Division 7
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Cadmium
Compound Cd 3ds2 Cd MNN
Binding Energy (eV) Kinelic Encrgy (eV)
CdTe 404.9 3824
Cd 405.0 3838
CdO 405.2 3822
CdSe 405.3° 3814
Cds 405.3 381.1
Cdl; 405.4 3810
CdF, 4059 3738
208

Kinetic Energy (eV)

Handbook of X-ray Photoelectron Spectroscopy

386 788
385 787
y / /
Me / / (o
383 785
l / /
382 784
1 /
381 / -
380 / /
379 / /
I Fiuefide
378 /
377
376
375 R e o R IS S
408 407 406 405 404 403 40
Binding Energy (eV)
Perkin-Elmer Corporation

Physical Electronics Division
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856
a2 - - 854
Indium
B
Metal
Compound In 3dsp In MNN : i
Binding Energy (V) Kinctic Energy (cV) 410 852

TngsSins 1436 4105 /
In 4438 4104 |
InSb 4441 401.6 o b
Iny03 4443 406.4 / i Oxides
ImTe; 4445 408.9 408 i 850
InP 444.6 408.0
InP 4446 411.0 i
InySe; 444.8 408.3 o
In,S3 444.8 4073 2 '
In(OH)s 4450 405.0 % '
(NHy)3nFg 445.6 404.1 g 406 848
Inly 446.0 405.8 2 / Halides / /
InBr; 4460 404.8 | :
InCly 446.0 4046 9, 1
InFs 4464 403.7 '
InBr3 446.6 404.8 |

404 / / / 846

i

400 A4+t
448 447 446 445 444 443 442
Binding Energy (eV)

Perkin-Elmer Corporation @ .
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440
Tin
439 923
Compound Sn 3dsp Sn MNN ;
Binding Energy (¢V) Kinetic Eneray (eV) =
438 / 922
Sn 4849 4374 Metal
Sn 485.0 4374 R
Sn 485.1 4374 '
SnS 4856 - 435 437 921
N2Sn03 4862 $17
Sn0; 486.7 4327
Nay$n0; 486.7 $B17 436
NaSn03 4872 817 _ / i Sﬂ/ o
NaSnFs 4874 4308 3 fide
5 5|l Ed — o = 919
15 L
2 434 / / 918
433 ’
i
Oxides
432
| i
431
430’41&:: HHHHHHHHHHHHH A
488 487 486 485 484
Binding Energy (eV)
Perkin-Elmer Corporation
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493 - 1065
Tellurium Metal
i

492 1064

Compound Te 3dsp Te MNN
Binding Energy (eV)  Kinetic Energy (¢V)
NigTe 5722 4855 491 1063
Te 573.0 4922
PhyTey 573.9 488.5
LTeEty 5753 487.6 490 1062
1;TePhy 5754 48738 :
ITeMe, 5756 486.6
TeO, 575.7 487.1
I;TePh 575.8 4882 489 1061
p-tolyl TeOOH 576.1 486.6 o ]
ClyTePhy 576.2 4863 °
Br,TePh, 576.2 486.6 gy 488 1060
TeOs 576.6 4855 g !
BryTePh 576.6 486.8 P
BryTeBu 576.6 4865 g 487 B 1059
TeBry 576.7 4873 g 1
TeCly 576.9 486.1 i LI
(NHg);TeClg 576.9 486.4 1
Te(OH) 577.1 485.1 486 1058
1des
i [

485 .

484

483 A

578 577 576 575 574 573 572

Binding Energy (eV)

Perkin-Elmer Corporation @
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Appendix B. Chemical States Tables

This compilation of all the elements, listed alphabetically, provides specific binding energies of various compounds and pure elements, and a reference in ab-
breviated notation. When Auger lines are listed, they are in kinetic energy. For compounds with more than one chemical state, an asterisk denotes the atom whose
binding energy is listed. The references are expanded in Appendix C. Any listing with a ® refers to the work contained in this handbook.

This appendix, most of which was compiled by Dr. Charles Wagner for Perkin-Elmer, is part of the chemical state identification algorithm of the PHI software and
is also the basis for the XPS database SRD-20 of the National Institute for Standards and Technology (NIST). Further references may also be found in the journal
Surface Science Spectra published by the American Vacuum Society.

Ag 3d
Ag 368.3
Ag 368.2
Ag 368.2
Ag 368.1
Ag 368.2
Ag 368.2
Ag 368.2
Ag 368.2
Ag 368.2
AgosSng 368.0
AlsoAga 368.8
AlgsAgs 369.0
MgnAgn 368.3
MgnAgs 368.7
MggAg; 368.8
Ag:Yb 3688
CuAgSe 367.8
AgSe 367.8
Ag:S 368.1
Agl 368.0
AgF 367.7
AgF; 367.3
Ag0 367.8
Ag0 368.4
Ag0 367.4
Ag0 368.0
Ag:CO; 367.5
Ag:SO04 367.8
Ag280, 368.3
AgOOCCF; 368.8
Ag(OAc) 368.4
Ag(3-Cl-pyridin)iNOs 368.6
Ag MNN
Ag 357.9
Ag 358.2
Ag 3519
Ag 3516
Ag 3583
ALOAgy 3517
AlgsAgs 3515
MguAgn 3521
MguAgy 3519
MgnAg: 3522
CuAgSe 3513
Perkin-Elmer Corporation
Physical Electronics Division

]

Asam76
BiSw80
BiSw80
BiSw80
JHBK73

NyMag0

HGWTS, Scho73, WRDMT9,
GaWiT7, SFST7, Waga5
RRDT78, Scho72

HSBS81

WeAn80

WeAnB0

WeAng0

WeAn80

WeAn80

WWCTR

RRD78

RRD78

RRD78

GaWiTl

GaWinl

GaWiTl

HGWT5, GaWiT77, Scho73
RRDT78

HGWT5, GaWi77, Scho73
WRDM79

HGW75

TMR80

Wagn75

Wagn75

HHDDS1

SmWaT7

WRDM79
Wagn75

RRD 78, PWA 79
GaWiT?

Scho73, FKWF77
WeAn80
WeAn80
WeAn§0
WeAns0
WeAns0

RRD78

AgaSe
AgsS
Agl
AgF
AgF
Ag0
Aga0
AgO
AgO
AgS0;
AgS0,
AgOOCCF;

Al 2p
Al
Al 03, sapphire
Al

AlB;
AlAs
AlGaAs
FesAl
LiAlH,
AIN
AkLS;
All;
.MBI;

- AlCk
AlF;
Aly(MoOy)s
Al(WOq)3
CoAkO.
MgALO.
NiALO,
AlLO;
Al:O;5
Al 0y, sapphire
AlLO;, alpha
Al;0;, gamma
ALO;, gamma
ALOy, gamma
AlO;H, boehmite
AI(OH);, bayerile
AI(OH)s, gibbsite
ALSIOs, kyanite
ALSiOs, mullite
ALSiOs, sillimanite
Albite, NaAISi;05

3514
3512
350.1
3493
3496
356.6
350.6
355.5
350.6
3542
354.7
355.1

1729
4.4
7.8

719
73.6
13.6
134
5.6
744
74.6
746
5.2
747
76.3
742
4.3
3.6
747
74.2
743
4.7
4.2
73.9
73.7
74.0
743
74.2
74.2
74.0
4.7
74.8
74.6
743

RRD78
RRDT8
GaWiT?
GaWi77
GawiT?
Scho73
RRD78, GaWiT7
WRDM79
GaWiT?
Wagn75
TMR80
Wagn75

(]

@

LMKJT75, Tayl82, WPHKS2,
WRDM79, WaTa80
MECCT73

Tayl82

Tayl82

ShTi75

MSCT3

M3CT3

MSCT3

MSCT3

MSCT3

MSCT73

MSCT3

PCLH76

NgHeT6

PCLH76

"HNUW78

LFWST79, NgHe76
Nefe82, MSCT73, NSLS77
KIHe83, NGDS75
Tayl82, WPHKS$2
WPHKS2
WPHKS2

Ban83

NgHeT6

Tayl82, WPHKS2
Tayl82, WPHKS2
WPHKS2

AnSw4

AnSw74

AnSw74, WPHKS2
WPHKS2
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Bentonite 750 Ban$3 AsSq 431 BWWI76
Kaolinite 746 Ban83, WPHKS2 As:Ss 434 BWWIT6
Mica, muscovite 743 WPHKS82 As:Ss 444 SMAVT2
Natrolite 743 WPHK82 Asly 435 BWWI76
Pyrophyllite 747 WPHKS82 AsBry 453 BWWI76
Spodumene 743 WPHKS2 A0 49 LPGC77, MINNTS,
H Zeolon 748 WPHKS2 Tayl82, WRDM79
Hydroxysodalite 750 WPHKS2 As:0s 462 Ben81, BWWITS,
Mol Sieve A 73.6 WPHKS82, Barr83 MINN78, SMAV72
Al(acac)y 729 MSC73 KHaAsO4 : 46.7 SMAVT2
NaHAsQy 455 WRDM™9
AIKLL NaAsO, 442 Tayl82, WRDMT9
Al 13933 WPHKS2, WaTa80 K;AsO, 444 SMAVT2
AlAs 1391.2 Tayl82 NaAsOq 449 SMAVT2
AIN 1389.0 TaRa81 NayAsyOy ' 454 SMAVT2
ALO;, sapphire 1387.8 Tayl82, WPHKS2 KAsF 480 SMAV72, WRDM79
ALO:, alpha 13882 WPHKS2 LiAsF 494 SMAVT2
ALO;, gamma 1387.8 WPHKS2 PhsAs 428 HVV79, SMAVT2
AIOOH 1387.6 WPHKS2, Tayl82 PisAsS 4.1 BWWI76, HVV79
Al(OH);, bayerite 1387.7 WPHKS2, Tayl82 PhisAsO 443 BWWI76, SMAV72, HVV79
Al(OH)3, gibbsite 1387.4 WPHKS2 PhaAs(OH), 44.5 SMAVT2
ALSIOs, sillimanite 1386.9 WPHKS2 MeAsl, 435 BWWIT76
Albite, NaAISi;Oy 1386.5 WPHKS2 PheAsl 446 HVVT9
Kaolinite 1386.7 WPHKS2 PhiAsBr 446 HVVT79, SMAVT2
Mica, muscovite 1387.1 WPHKS2 _
Natrolite 1386.5 WPHKS2 ' As LMM
Pyrophyllite 1386.8 WPHKS2 As 1224.8 Wagn75, BWWI76
Spodumene 1381.1 WPHKS2 NbAs 12260 BWWIT6
H Zeolon 13855 WPHKS2 GaAs 12253 Tayl82, WRDM79
Hydroxysodalite 13864 WPHKS2 : AssTes 12250 BWWI76
Mol Sieve 1386.9 WPHKS2 As,Ses 12233 BWWI76
As:Sy 1222.1 BWWIT6
Ar2p Asls 12229 BWWI76
ArinSi 241.9 @ AsBry 12181 BWWI76
ArinAg 2412 CiHa74 As:05 12188 Tayl82, WRDMT9, BWWI76
ArinAg 2419 KiWi7s ) As05 1217.5 BWWI76
Arin Au 240.3 CiHa74 NaH)AsO4 1217.1 WRDM79
ArinAu 240.7 KiWi7s NaAsO, 1219.5 Tayl82, WRDMT79
ArinCu 241.1 CiHa74 KAsFq 12138 WRDMT™9
ArinPt 2404 KiWi7s PhsAs 12211 BWWI76
Ar in graphite 241.8 KiWi7s PinAsS 12200 BWWI76
Ar in graphite 241.5 WRDM79 PhsAsO 1219.5 BWWI76
MeAsl; 12223 BWWIT76
As 3d
As 416 o Audf
As 416 Ben81, BWWIT6, MINNTS, Au 8.0 ®
SMAVT2, UeOd81 Au 8.1 Asam76
NbAs 40.8 BWWIT6 Au 84.0 BiSw80
AlAs 41.0 Tayl82 Au 84.0 BiSws0
AlGaAs 41.0 Tayls2 Au 839 BiSw80
GaAs 4038 LPMK74 Au 84.1 PEJ 82
GaAs 409 GGVL19, WRDMT9, Tayls2, Au 842 ALMP§2
A MINNTS, IMNN79 AuSn 845 FHPWT3
InAs 40.6 LPMK74 AuSiy 85.1 FHPWT3
AsaSes 429 BWWIT6, UeOd82 YbAu, 84.6 WWC 78
CIAuPh:P 854 BMCKT71, VVSWT7
Perkin-Elmer Corporation
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ClAu(PhsP); 85.4 BMCKT7 Ba 3dsp

Ba 180.6 [
ChAuPh:P 87.3 BMCK77 Ba 779.3 VaVe80
(PhP)AUNO; 854 BMCK77 BaS 179.8 SiWos0
ClAu(PhsAs) 85.2 VVSW77 Ba0O 7799 WRDM79
(-AuSPEt;S-)2 84.8 VVSW77 Ba0 T79.6 SiWo80
(-AuCH,PEtLCHa-); 84.0 VVYSW77 Ba0O 779.1 VaVed0

Ba(NOs); 780.7 CLSW83

Au MNN BaCOs 779.9 CLSW83

Au 2015.8 PEJ82 BaS0y4 780.8 Wagn77
Au 2101.6 ‘WaTa80 BaSO; 7804 CLSW83
Au 20157 WaTa80 BaS0; 779.9 SiWos0

BaCrOy 7789 ACHT73

B 1s ' BaMoO, 179.1 NES§2

B 189.4 P BaRhy 0y 719.6 NES82
B 187.3 HHIT0
B,C 186.5 HHIT0 Ba MNN
AlB, 188.5 MECCT3 Ba 602.0 VaVeR(
CoB 189.1 MECCT3 BaO 597.5 WRDM79
CoB 188.1 MECCT3 Ba0 598.4 VaVeB(
Fe,B 188.4 MECCT73 BaS0y4 596.1 Wagn77
FeB 187.9 MECCT3
HFB, 188.3 MECCT73 Be Is
MnB, 187.2 MECC73 Be 111.8 i)
Mo;Bs 187.7 BrWh7g . Be 111.7 HIGN70, SMKM77, WRDM79
MoB, 188.4 MECC73 BeO 113.8 HIGNT0, KOKS83, NFS82
TiB; 187.5 MECCT3 BeMoQy, 113.7 NFS§82
VB; 188.3 MECCT3 BeRh,0y 113.8 NFS§2
WsBs 187.9 MECC73 BeF, 115.3 NKBPT3
CrB; 188.0 MECCT73 BeF 116.1 HIGNT0
BN 190.5 HIGNT0, KOK83, WRDM79 NaBeF; 115.3 NKBPT3
NasBOg 192.0 HHIT0 NaBeF; 114.7 NKBP73
B,0;3 192.0 BrWh7s
B20; 193.3 NGDS75 Bi 4f
NaBF, 194.9 HHIT0, RNST73 . Bi 157.0 i)
NEBF; 195.2 RNST3 Bi 156.9 SES77
NaBHs 187.2 HHJ70 Bi 157.0 LKMP73
H3B0; 193.0 HHIT0 Bi 157.0 WRDM?79, MSV73
Na;B40; - 10H;0 192.6 HHIT0 BixSs 158.9 MSVT3
BioHs 187.8 HHI70 Bils 159.3 MSVT3
MesNB3Hs 187.2 HHJT0 BiFy 160.8 MSVT3
NaBPhy 187.5 HHI70 Bix0; 158.8 NGDS75
NH;BF: 194.9 BCGH73 Biy0; 159.3 MSV73
CsHsNBF; 194.3 BCGH73 Bis03 159.8 DSBGS2
EtNH;BF; 194.6 BCGHT3 BiOC] 159.9 MSVT3
Me;sNBF; 193.6 HHIT0 NaBiO; 159.] MSV73
NaBH(OMe)s 192.1 HHI70 BisMoOs 158.3 MaWo75
PhiPBF; 193.3 HHIT0 BizTihO; 159.7 MSV73
PhsPOBF; 193.8 HHJ70 (Bi0)Cra0; 159.6 MSV73
PhsPOBCly 192.6 HHIT0 Biy(SO4); - H,0 1612 MSVT3
PhsPBCly 192.7 HHI70
CH3;CNBF, 195.5 BCGHT73 Br 3d
C1CsH4B(OH), 191.7 HHIT0 KBr 68.8 @
FCgH4B(OH), 191.7 HHIT0 CsBr 6%.1 MVST3
(EP)PIB ot 188.9 Rigg72 CsBr 69.6 Shig78
(PhaP)2PB oH 188.5 Rigg‘?i

Perkin-Elmer Corporation m

Phvsical Electronics Division nie




Appendix B. Chemical States Tables Handbook of X-ray Photoelectron Spectroscopy

RbBr 684 MVST73 Cr{CO) 2879 BCGH72, BCHMT2,
KBr 68.8 MVST3, WaTa80 KTWY76, PFD73
NaBr 68.8 MVST3, Shiq78 Co(CORNO 288.2 BCGH72
LiBr 692 MVST73 Fe(CO) 2880 BCGHT72
CdBr» 69.2 SATD73 Fe(COR(NO): 2882 BCGH72
CuBr; 68.9 VWHSSI Mmy(CO)jq 2875 VWVB77
HgBry 69.0 SATD73 Ni(CO), 288.2 BCGH72
PhBr; 68.7 Nefef2 (Mn(CO);Br), 2876 VWVBTT
ZnBr2 70.0 SATDT73 BrMn(CO)s 2880 VWVBTT
Co(NH;)sSbBrs 689 Tric74 AgLCOs ' 2884 HGW 75
Ni(NH;)eBry ] 68.7 NZB 78 BaCO; 2894 CLSW33
PI(NH3)4Br, 684 SNMK78 CaCO; 289.6 CLSWS3
KoPtBry 693 SNMK78 CdCOy 2893 HGW 75
K,PBrg 69.2 SNMK78 Li:COy 2898 CSFGT9
Cs:ShoBry 708 Tric74 Na:COy ' 2894 GHHL70, HHDDS1
Rb;Sb;Bry 70.1 Tric74 NaHCO, 2900 GHHL70
Bromanil 70.1 OYK74 S1C0; 289.5 CLSW83
PhsAsBr 66.7 HVYV79 CS, 2870 GHHL70
PhsSbBr 68.0 HVV79 CO, 2919 GHHL70
(MesNpZnBry 678 EMGK74 CCL 2924 GHHL70
(ELN):MnBr; 67.9 EMGK74 COF; 2939 GHHL70
(EtsN);NiBr; 689 EMGK74 CFy 296.7 GHHL70
H3POBBr; 69.3 HVV19 Cyclohexane 2852 GHHL70
H;PBBr3 69.6 HVV19 Benzene 2847 GHHL70, LaFo76, CKAMT2
BrPt(CH;CONH), 68.7 NeSa78 _ CeHsC*H; 2847 CKMTI
CsHsCHs (C*CH;) 285.1 CEMTI
Br LMM CgHsCH; (C*-H) 285.0 CKMT1
LiBr 13892 Wagn78 Fe(CsHs) 2845 BCDH73
NaBr 13883 Wagn78 Cr{CsHe) 2844 KTWY76
KBr 1388.0 WaTas0 CH;C*H,0H 286.3 GHHL70
KBrO; 13844 Wagn78 CH;COOC*H,CH; 2869 GHHL70
ClgHa3MesNBr 1390.1 Wagn78 CsFi 289.5 CKAMT2
Inositol 286.7 GHHL70
Cls Hydroguinone 2864 OYK™4
Graphite 28455 ® . (C*HCOH); 28438 GHHL70
Graphite 2843 JHBKT3 (CHC*OH) 286.6 GHHL70
CrCy 2828 RHIF69 (CHyC*Hz),0 286.5 GHHL70, CITh78
Fe.C 2839 SHTYT5 HCHO 2877 GHHL70
HiC 2808 RHIF69 (CH;C*HO) 2876 GHHL70
Mo:C 3®27 RHIF69 CH;C*OCH; 2879 GHHL70
NbC 2819 RHJF69 CF,C*0CH; 2885 GHHL70
Ni,C 2839 SiLeT8 C*F,COCH; 292.6 GHHL70
TaC 2819 RHJF69 (CO) 2883 GHHL70
TiC 216 RHJF69, IKIM73 CH;C*OOH 2893 GHHL70
Ve 2822 RHIF60 CH;C*OONa 2882 HHDDS8I
wC 2828 RHJF69, CoRa76 CH;C*OONa 2888 GHHL70
e 281.1 RHJF69 CH;C*00Ag 2883 HHDDS8I
KCN 286.1 Vannl6 HOOCCOOH 289.9 GHHL70
NaCN 2862 Vann76 (COONa) 289.0 GHHL70
K;Co(CN)s 2859 Vann76 CF,C*00E 2904 GHHL70
K:Cr(CN)s 2839 Van76, ZeHaT | C*F,COOE 2929 GHHL70
KiFe(CN) 2839 Vann76, ZeHa7 | CLC*COONa 289.5 GHHL70
" KFe(CN), 2835 Vann76 CLCC*OONa 2883 GHHL70
K;Mn(CN) 2840 Vann76 Fs:C*COONa 2921 GHHL70
NaMn(CN)s 2840 Vann76 F;CC*00Na 2889 GHHL70
K4V(CN)g 285.5 Vann76 p-Benzoquinone 2874 OYK74
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Crfacac)s 286.0 ZeHall PVA (-CH:C*HOH-)n 286.1 PRCV77
CHyC*H,0C0C1 287.1 GHHL70 Cellulose 2862 CDWSI
EI0C*0C! 2908 GHHL70 PEO (-CH,C*H,0-)n 286.1 CDWSI
(PhORCO 2907 CITh78 poly (-CH:CH:C=0-)n 2874 CDWSI
HC*(OCHs)y 2897 GHHL70 CHy(C*O0H), 2889 CDWS1
HCOONH; 2884 GHHL70 HOOC*(CH,).C*00H 2889 CDWS1
OC*OCH:)h 2912 GHHL70 Sodium Stearate 2883 CDWS!
O(C*H:COOH), 286.7 GHHL70 Mylar Polyester C*-H 28485 JFM
O(CH;,C*00H), 2895 GHHL70 Mylar Polyester C*-0 286.3 CDWSI
CHC*HyCl 286.1 GHHL70 Mylar Polyester C*0, 2887 CDWS!
CH;Br, 27.1 GHHL70 Polycarbonate-0C*0;- 290.4 CDW8I
CHyCl, 2878 GHHL70 Teflon (-CR,CFy-)n 2922 CFK73
HCFy 294.7 GHHL70 (-C*FHCFy-)n 2893 CFKT73
HCCly 289.6 GHHL70 (-CFHC*Fy-)n 291.6 CFKT3
CeHsCl (CHCI) 27,1 CKMT1 (-CFHCFH-)n 2884 CFKT3
CoHsClC*H) 2857 CKM71 (-C*HiCFy) 2863 CFKT3
CgHlsBr 285.1 LaFo76 (-CHaC*Fy)n 290.8 CFKT3
CeHsF(C*F) 2878 CKMTI (-C*H.CFH-)n 2859 CFK73
CHsF(C*H) 2856 CKMTI (-CH,C*FH-)n 2880 CFKT3
CeHCls 286.1 CKAM7S PVC (-C*H,CHCL) 2849 PRCVT?
CHF(C*H) 2869 CKAMT2 PVC (-CH,C*HCL) 2865 PRCVT?
CHFS(C*F) 28922 CKAMT2

CeFs 2887 GHHL70 Ca2p

CLFCCFCh 911 GHHL70 Ca 63 ®
CIRC*CFCl; 2929 GHHL70 . CaC0y 3466 @
C*HyCN 2863 BCGHT3 Ca 59 VaVe$0
CH,C*N 2872 BCGHT3 Ca 346.8 SMKM77
CH;CONH; 2884 SNMK78 Cats 3467 FMUKT7
EtNH; 2856 BCGH73, GHHL70 CaSe 345.9 FMUKT7
ENNH;BF; 2868 BCGHT3 Ca$ 65 FMUK77
PhNH, 2846 LaFo76 CaCh 3483 WagnT7
C(NH),Cl 2894 LeRa77 Cak, 34738 Wagn77, NSLS77
(CHa)eNs 286.9 GHHL70 Ca0 346.1 InYa81
CsHsN 285.5 BCGHT3 Ca0 346.7 FMUK77
PhCN 2854 LaFo76 . Ca0 3473 VaVe80
C*HyCNBF, 2873 BCGHT73 CaC0; 3469 Waga77, CLSW83, WRDM79
CHsC*NBFs 289.1 BCGH73 Ca(NO3), 348.7 CLSW83
Triazole 2863 GHHL70 CaCrO, 3463 ACHTT73
NC*N=C(NH,), 2864 LeRaT7 CaMoOy 3472 NFS82
NCN=C*(NH),; 288.2 LeRa77 CaRhy0x 345.7 NFS82
HaNCH,C*0ONa 2879 GHHL70 CaSO4 348.0 CLSW83
H:NCONH; 2887 GHHL70, LeRaT7 CaWo, 3465 Nefe§2
HaNCSNH; 288.0 LeRa77, SrWa77 CasSiz0q 347.0 WPHKS2
H:NCONHCONH; 2893 YYST8

PRNO; 2853 LaFo76 Ca LMM

PhyP 2849 LMF80 Ca 2982 VaVes0
PhsPO 2846 LMF80 Ca0 225 VaVes0
PhePBr 2854 LMFS0, LaFo76 CaC0; 919 WRDM?79, Wagn77
PhsSn 846 BALS76 CaCh 2919 Wagn77
p(CH:=CHCI) 2363 PRCVT7 Cak 289.1 Wagn77
p(CH,=CHOH) 2863 PRCVT7

p(HOCOCH=CH,) 289.0 HHDDS1 Cd 3dsp

P(NaOCOCMe=CHs) 288.1 HHDDSI cd 405.1 @
MC*HOCOCH=CH) - 2864 W7 cd 405.0 GaWi77, HSBSS1, WRDM79, Wagn’5
p(CHyOC*OCH=CH,) 288.6 CITh78 CaloeSis 4049 HSBSS]
p(MeOCOCMe=CHy) 289.0 HHDDS|
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HgosCdoaTe 404.6 SBBS0 K:ReClg 1984 CoHe72
CdTe 4049 SBBS0, GaWi77 KoReClg 1993 LeBr72
CdSe 4053 GaWi77 KsSnClg 198.4 CoHeT2
Cds 4053 GaWiT7 KWCl 199.0 LeBr72
Cdly 4054 GaWi77 KalrCl 1987 NSBN77
CdBr 406.0 SATDT3 KsRhClg 1984 SNMK78
CdCh 406.1 SATD73 KMo,Cl 198.8 HUGHT9
CdF, 4059 GaWi77, SATDT3, WagnT7 - Na:PdCl 1993 SeTs76
Cdo 4052 GaWi77, NGDSTS, NFS82, SBBSO Co(NH3)SbCls 1989 Tric74
CdO, 4036 HGW7S PUNH:),Ch 19838 CMHLT7, Nefe78
CAOH), 4050 WRDM?9, HGW75 PUNH:)Ch 197.8 SNMK78
CdCO, 405.1 HGW7S PUNH;)Cly 1978 SNMK78
CdRhy0s 4047 NFS82 Rh(NH3)Cly 198.1 Nefe78
CssSbCly 1980 BCHTS, Tric74
Cd MNN CsSbCl 1992 Tric74
cd 3838 WRDM?9, Wagn7s, KIrCINO 1989 NSBNT7
GaWi?7 ICI 200.1 Sher76
CdTe 3824 GaWi77 CsCIO; 208.2 MVS73
CdSe 3814 GaWiT7 KCIOs 2065 MVS73
CdS 381.1 GaWi77 KCIO, 2088 MVST73
Cdl 3810 GaWiT7 LiCIO, 2090 MVST3
CdF, 3788 GaWi1? NaClO, 208.5 MVS73
Cdo 3822 GaWi77 Ni(NH3)e(CIO4), 2082 NZB78
NiCIO, . 6H:0 2086 NZB78
Ce3d ) RbCI0; 2084 MVST3
Ce 833.8 ® Me;NCI 196.2 EMGKT74
Ce 8839 - Sc0s82 EuNCI 196.4 EMGK74
CeAly 8835 LFBCRO0 PhiNCI 196.1 HVV79
CePds 8843 LFBCS0 NH,Cl 197.9 EMGK74
CeSe 8843 LFBCS0 Chlorobenzene 200.1 CKAMT5
CeCw:Siy 883.6 LFBCS80 Pentachlorobenzene 200.0 CKAMTS
CeO; 381.8 WRDM79 CIRh(PhsP); 1980 Nefe78, OIIT79, MMRCT2
Ce0; 882.4 NGDS?75, SaRa80 (EsPRPHCI 198.0 Rigg72
CeH; 886.0 Sc0s82 (PhaP);PtHCI, trans 197.1 CBAT3
_ (E5sPRPICL 1992 LeBr72, NefeT8, Rigg72
Cl2p (BPYPICh 198.1 Rigg72
KCl 198.5 ® (PhaPRNICly 199.0 BNSAT0, STHUT6
oal 1963 MVST3 (PhsP)NiCly 1983 NZB78
KCl 1982 MVS73, NSLS77, YYST8 PhsPBCly 1994 HVVT9
NaCl 1984 MVS73, NSLS77, SGSO70 RO, 196.9 HVVT
LiCl 198.5 MVS73, CSFGT9 (NbeCI* 2)Cle(ELN)s 199.4 BeWa79
NiClx 199.4 KiHe83, TRLKT3, YYS 78 QCly 1992 YYS78
PdCk 198.9 NKBP73 HeCl; 1987 SATDT3
RECly 199.3 o179 InCl 198.4 FHT77
RICl; - 12H;0 199.2 CMHLT7 InCly 199.0 FHT77
ShCls 1997 BCH 75 TiCly 198.2 MRVS3
ZaClhy 198.5 KIHe83 UCk 198.1 TBVLS2
KaliClg 198.6 NSBNTT, LeBr72, CoHeT2 UCL 197.7 TBVLS2
KaMoCl 198.4 CoHeT2 UCls 1977 TBVLS2
. KaOsCl 198.6 CoHeT2, LeBrT2 uoci 198.5 TBVLS2
KoPdCl, 198.8 NKBPT3 UOCl 198.3 TBVLS2
KPCL 198.8 CMHL77, SNMK78 ZnCly 199.7 SATD?3
KPICl 198.8 CoHeT2, LeBr72, SNMKT8 (NH:),PCly 1982 KaEI79
OPCly 201.7 FIWe75
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KCIO; 206.5
KClO, 208.7
HCIP(PhsP): 1979
HCIPI(EP) 198.0
CLPt(PhsP), 198.0
PhePCuCly 1989
PhyPCuCly 199.0
CgHsCl 2010
CeHsCCly 201.0
C(NH2)Cl 198.0
p(CH,=CHCI) 200.0
Co2p
Co 7183
Co0 1804
Co 7783
Co 778.1
Co:08ng 7779
Co:B 7784
CoB 778.0
CoS 7819
Coks 783.0
CoF, - 4H,0 182.6
COF3 1824
Co0 780.2
Co0 7804
Coi0y 780.2
Coy0y 1795
Coi0s 7199
CoOOH 780.0
Co(OH); 781.0
CoAl;04 7808
CoAl:04 781.9
CoCry04 7802
CoFe,04 119.1
CoMny04 780.0
CoMoOy 1809
CoMoOy 782.8
CoRhj0y 781.2
CoS0, 184.0
ZnCoy04 7804
CsyColy 780.5
Cs:CoBry 780.8
Cs2CoCls 781.0
KaCo(C:04)s 7809
KsCo(NO3) 7818
Co(CORNO 780.7
KsCo(CN)s 7812
KsCo(CN), 782.1
Co(NHy)Cl 781.4
Co(NHy)sCly 7819
Co(NH3)sClx 781.1
Co(NH3)Cly 781.8
Co(CsHs) 779.1
Co(CsHs) 781.3
Perkin-Elmer Corporation
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NZKT1
NZKT7
ALTT
ALT7
ALT?
FSIL83
FSILE3
CKMTI
CKM7I
LeRa77
PRCV77, WRDM79

d

L}
LANMSI
WRDM79
ThSh78
MECC73
MECCT73
Limo81
CSCT2
NBMOT73
cscn
WRDM79
Kim75, NGDS75,
NFS82, CBR76
NGDS75, OkHi76
GPDGT9
McCo75
McCo75
McCo75
OkHiT6
PCLHT76
OkHi76
OkHi76
OkHi76
GPDGT9
PCLH76
NFS82
Limo81
OkHiT6
NBMOT73
NBMOT73
NBMO73
Cscn
NBMO73
BCGH72
OkHiT6
Vann76
NBMO73
YNABT7
Ccscn
NBMOT73
BCDHT73
CIAd71

Br:CofEuN),
ChColthiourea);

Cr2p
Cr
CI‘103

Cr
CrN
CiN
Cng
CrsS:
Crl;
CBr;

Cn0s

Cr0,
Cr0;s
CTF]
Cr0;
Cr(OH);
CrOOH
Cr(CO)
CriCO)

NaCr0;
NazCr04
NayCry0y
NaiCrOy
NasCrQ,
NaCrO,
ZnCr04
BaCrO,
CaCrO,
(NHg):CeFg
Cr{NH3)Cl;
K3Cr(CN)s
K5CreFg
Cr{acac)
Cr{acac)
CliCr{urea)s
Cr(CsHs),
Cr(CsHs),
Cr(CsHs)(CHy)
Cr(CeHg),
Cr(CeHg)
Cr(CO)PH;
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780.1
780.6
7809

5744
576.9
5743
57143
576.1
5758
5743
5748
5761
5762
5774
5763

576.3
5783
580.3
579.8
5773
5770
5763
5717.0
579.8
5795
5764
5711
5799
5158
5798
57170
579.8
580.5
3794
578.5
5179
517.1
5172
579.1
5789
57195
5785
5763
583.0
5117
576.1
57199
5714.8
376.3
574.4
574.1
5754
5753

EMGK74
EMGK74
NBMOT3

[

i)

LANMRI
WRDM79
RoRo76

STABT6
MECC73

CSC72

csen

Ccscn

CSCn2

BDFP81, CDFMS2, CSC72,
WRDM79, NGDS75
IIKK76

ACHT73

CSC72

CDFM82
CDFM82

1IKK76
BCGH72, BCHMT72
PFD73

AT76

AT76

ACHTT3
CDFM82
NSSP80

HoTh80
ACHT73
ACHT73
ACHTT3

LaKe76

ACHT73

LaKe76

LaKe76

LaKe76, ACHT73
BDFP81

AlTu76

ACHT73

AlTu76

AlTu76

Vann76, ZeHa7l
AlTu76

AlTu76

ZeHaTl

AlTu76
BCDH73, CDH 74, GSMJ74
ClAdTI

CDH74, GSMI74
CDH74

PFD73

BCGH72
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CrCO)sNH; 5755 BCGH72, BCHM72 CuBry 9323 VWHSSI
Cr{COxCsHs 575.7 CDH74 CuCl 9325 GaWi77, Wagn75
Cr(CORCeHg 576.3 PFD73 CuCl 934.4 GaWi77
Ci{CO)s(MesP) 575.2 BCGH72, BCHM72 CuCl, 015.2 WRDM79
ChCr{CsHs) 576.1 GSMI74 CuCly 934.8 VWHSRI
ICr(CgHe) 5764 CDH74 CuCly 9356 YYS78
CuF; 936.1 GaWi77
Cr LMM CuF, . 937.0 WRDM79
Cr 5212 WRDMT79 CuF 936.8 VWHS8!1
Cu:0 4 932.5 CDEMS82, GaWi77, Wagn75,
Cs 3dsp HMUZ78, MSSSS81, Scho73b
Cs 7264 [ CuO 9337 HMUZ78, GaWiT7,
Cs 7260 KDR77 WRDMT79, MSSS81
Csl 7239 MVST3 Cu(OH) 935.1 MSSS81
CsBr 724.0 MVS73 Cu(NOs) : 935.5 NZK77
CsCl 7237 MVS73 CuCN 933.1 Wagn75
CsF 7240 MVST3 CuC(CN); 9332 NZK77
CsNs 7236 SGRST2 CuCOs 935.0 WRDMT79
CsaS04 7239 Wagn77 CuSO, 9349 Limo81
Cs3POy 7239 MVS73 CuSOx 935.5 NZK77
CsiP20y 7238 MVST3 CuSi0; 0349 WRDMT9
CsCl0s 7242 MVS73 CuMo3Oye 931.6 HMUZ78
CsoCr0y T245 ACHTT3 Cu:Mo0y 934.1 HMUZ78
Cs:Cr0y 7239 ACHTT3 CuCr,04 9346 CDFMB82
CsOH 7245 WRDMT9 CuCr0, 9323 ACHTT3
: CuFe;04 933.8 LDDB80
(Cs MNN . CuFe0; 9326 LDDB80
Cs:S0, 5684 Wagn77 CuMoO4 934.1 HMUZT8
CsOH 5867 °  WRDMM CuRh0, 9344 NFS82
Cu(OAc) 931.8 BrFi74
Cu2p Cu(OAc)h 935.0 YYS79
Cu 0327 o Cufacac), 9345 BrFi74
G phangs - Cu Salicylaldoxime 9340 BuBu74
Cu 6 LANMSI CuCu(EuN) 9325 EMGK74
Co 9326 BiSw80 ' CuCuHNCONHCONH: )y 9358 YYS78
Cu 932.6 BiSw80
Cu 932.7 BiSw80 CuLMM
Cu 9327 PEIR2 Cu 918.6 BiSw80
Cu 9326 Asam76, GaWiT7, KPMLT3, Cu 9187 BiSw80
WRDM?9, Wagn75 Cu 9186 BiSw80
CugiZns 9326 VanO77 Cu 9187 PEJ82
CligsSns 932.5 Hegds2 Cu 018.6 KPML73, WRDM?79, Wagn75,
CuyP 9322 NSDU75 Asam76, GaWi77
CusP 9322 NSDU75 CugeZng 9186 Van077
CusSe 931.9 RRD7S CuzSe 917.6 RRD78
CuSe 9310 RRD78 CuSe 9184 RRD78
CuAgSe 9319 RRD78 CuAgSe 917.7 RRD78
CulnSe; 9319 KIID81 CuzS 9174 Wagn75
Cus 9325 Wagn?s S 9179 RRD78
CuS 9322 RRD78 CuBry 9169 VWHSSI1
CuS 9332 Limo81 CuCl 915.0 Wagn75
S 9319 BSRRS1 CuCl 9156 GaWi77
Cus 935.0 NSSPS0 CuCly 915.3 WRDMT9, VWHSSI1, GaWiT7
CuBr 932.1 BrFi74 CuF, 916.0 GaWi77
CuF, 0148 WRDM79
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CuFs 914.4 VWHSS! Mgk, 685.8 Wagn80
Cu:0 9162 CDFM82, HMUZ78 MgF, 685.7 NBK74
Cu0 9162 CDFMS?2, GaWi77, Wagn5, SiFs 6850 WRDM79
HMUZ78, MSSS81, Scho73b StFs 6845 NBK74
Cu0 9166 MSSS81, Wagn75 AgF 6827 GaWiT7
Cu0 9172 GaWiTT BeFy 6858 NBK74, NKBPT3
Cu0 918.1 GaWiT7, MSSS81, SchoT3b CdF, 684.5 GaWi77, WRDMT9
Cu(OH), 9162 MSSS81 CdF, 6848 NBK74, SATDT3
Cu(NOs), 9153 NZKT7 CdF; 684.2 NSLS77
CuCN 9145 Wagn75 CuFs 6845 GaWi77, WRDMT9
CuC(CN); 9145 NZKT7 CuFy 6859 VWHSSI
CuC0; 9163 WRDM79 HgFs 686.0 SATDT3
CuSO; 9156 NZKT7 MaF; 6848 WRDMT9
CuSi0y 9152 WRDM79 Nifs 685.0 GaWi77, WRDM79
CuMo:0y0 9165 HMUZ78 NiF; - 4H:0 6847 NSLS77
CusMa0y 9166 HMUZT8 PbR 6836 WRDM79
CuCr0s 9180 CDFMS? Zaks 684.6 GaWiT7, Waga77
CuMoO; 91656 HMUZT8 Znky 685.1 NBK74
AIF; - 3H:0 686.3 NBK74, NKBP73
Dy 4d GaF; - 3H,0 6852 NBK74, NKBPT3
Dy 1524 @ GdF, 6848 McTh76
Dy.04 167.7 SaRa80 InF; 685.2 WRDM79
InF - 3H:0 6853 NBK74, NKBPT3
Dy 3dsz LaF, 6845 WRDM79
Dy 12955 ) NdF; 684.8 WRDM79
Dy:0s 12989 SaRa80 - Pifs 684.6 WRDM79
SmF; 6846 WRDM79
YF 6853 WRDMT9
Er 1694 WRDM?79 g* ::j-: s o
4 !
fdls e WHEMR. ThE; 684.9 WRDM79
- HiF, 685.4 WRDM79
Hu 3;“ —_— % ZeF, 685.1 NKBP73
’ ; NaBeF; 685.7 NKBP73
g " NasBeFy 685.2 NKBP73
NaBF, 687.0 WRDM79
Eu 128.2 NNBF63 NEBF, 694, RNST3
Eu03 1359 NNBFG68 NasAlFs 685.5 WRDM79
NazSiFy 086.0 Wagn77
Fls NasSiFs 686.4 NSLS77
LiF 684.9 @ KoSiFs 686.6 NBK74
CsF 685.9 WRDM79 K, TiFs 685.0 WRDM79
KF 683.9 NBK74, MVS73 K/TIF, 6849 b
KF 6844 PMDS77 NaTiF 6853 Wagn7
LiF 685.1 WRDM79 KReF, 640 WRDACIS
LiF 685.0 MVST3, NBK74 KNiF, 6876 TREX
NaF 684.5 WRDM79 KGeFy 685.2 NBK74
NaF 683.7 MVS73 KoZeFy 684.6 NBK?74, NKBP73
RbF 682.9 NBK74 KZiFs- 0 G4t NEBUTS
Baf . 683.7 WRDM79 KZiF, 6343 ol
BaF, 684.3 NBK74 NaSnF; 6853 WRDM79
CaFy 684.8 WRDM79 KaSnF - H:0 685.1 NBK74
CaFs 684.8 NBK74, NSLS77 CSSHE, 6836 B
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K2ShFs 683.9 Tric74 NaBF, 052.8 WRDM79
KSbFg 686.6 Wagn77 NasAlF; 654.1 WRDM79
KShyFy 684.3 Tric74 NaaSiFg 653.0 Wagn77
NaaSbFs 683.4 Tric74 K, TiF, 655.7 WRDM79
NaSbFg 685.1 BCH75 NasTiFs 655.1 Wagn77
K3RhF, 685.7 Nefe78 KsFeF; 656.0 WRDM79
KaNbF; 685.4 WRDM79 NasGeFy 654.0 WRDM79
KaNbF; 685.2 NBK74 NagZrFs 635.1 WRDM79
KiTaF; 685.2 WRDM79 NaSnF; 6553 WRDM79
KaTaFy 685.1 NBK74 KSbFg 656.6 Wagn77
NaTaFs 685.2 NKBP73 K;NbF; 655.2 WRDM79
NasTaFy 685.6 NKBP73 KoTaF; 655.0 WRDM79
NasTaFs 685.5 NKBP73 p-(CF=CFy) 6524 Wagn77
K4UFg 684.7 PMDS77 NIOOCCF; . 652.9 WRDM79
EuOF 685.3 RGBHB0
LaOF 685.2 RGBH30 Fe 2p
NdOF 685.1 RGBHS0 Fe 707.0 0]
PrOF 685.0 RGBH80 Fe,0; 7109 P
YOF 685.5 RGBHB0 Fe 706.7 LANMS1
Cs:Mo0sF; 684.7 NKBP73 Fe 706.8 Asam76
CsaWOsF, 684.7 NKBP73 Fe 707.0 WRDM79, McZe77
UOsFs 685.6 TBVLS2 FesAl 707.6 ShTr75
p-(CF2=CFy) 689.0 Wagn77 FesSi 7075 ShTv75
NiIOOCCF; 688.4 WRDM79 FesB 706.9 MECC73
CH;CNBF; 687.0 BCGHT3 _ FeB 707.1 MECCT3
NH;BF; 686.6 BCGHT3 ' FesC 708.1 ShTr75
CsHsNBF; 685.6 ~ BCGH73 FeS 7103 CsC72
EtNH,BF; 686.6 BCGHT3 FeS 7122 Bind73, Limo§1
EtsNSbFs 684.7 . BCH 75 FeS; (markasite, pyr) 706.7 Bind73
PhsPBF; 685.7 HVV79 KFeS, 708.7 Bind73
Ph;POBF; 685.8 HVYVT9 FeBr; 7103 CsCc72
FeBr; 7101 CsC72
FKLL FeCl, 710.6 Cscn2
CsF 653.8 WRDM79 FeCly 7113 CsC72
LiF 654.7 WRDM79 ) FeF, 7113 CSC72
NaF 655.0 Wagn77 FeF; 714.2 CsC72
BaF; 656.2 WRDM79 FeO 709.4 McZeT7
CaF, 655.4 WRDM79 Fe304 708.2 McZe?1
MgFs 654.4 Wagn77 Fe;0, 7104 OkHi76
SiF, 656.3 WRDM79 Fe.0s 710.8 WRDMT79, NGDS75
AgF 659.3 GaWi77 Fe 05, alpha 7109 McZeT7
CdF, 656.0 GaWi77, WRDM79 Fe,0s, gamma 710.9 McZe7
CuF, 657.0 GaWi77 FeOOH, alpha 711.8 McZeT7
CuF, 636.2 WRDM79 FeOOH, gamma 7113 KoNag0
CuF 656.2 WRDM79 CoFe,0y 710.5 McZeT7
NiF, 655.5 GaWi77, WRDM79 Fe(Cy04); - 6H,0 713.6 Kilk73
PbF: 658.5 WRDM79 FeSO4 712.1 Limo81
ZnF, 635.6 GaWi7l, WRDM79 KiFeFg 7144 CsSC72
InF; 656.4 WRDM79 NiFe204 710.5 McZeT7
LaF; 658.0 WRDM79 K3Fe(CN); 709.6 Vann76
NdF; 657.0 WRDM79 KiFe(CN); 707.1 Vann76
PiF; 657.2 WRDM79 KiFe(CN); 708.5 YNNATT
SinF; 657.0 WRDM79 NagFe(CN)(NO) 709.7 YNNAT7
YF3 655.8 WRDM79 NasFe(CN)s(N20) 707.4 YNNATT
ThFs 657.0 WRDM79 NagFe(CN)5(NOy) 706.8 YNNATT
HfF, 655.3 WRDM79 NasFe(CN)sNH; 707.6 YNNATT
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NasFe(CN)sN;H: 7077 YNNAT? G03 1438 SaRa80
Fe(CO)s 709.6 BCGHT2
Fe(CO):NO) 709.5 BCGHT2 Gd 3d
KFeq(NO)S; - 2H:0 7089 Nefe78 . Gd 1187.0 0
Fe(SMe)(CO) 708.6 BBFR77 : Gd:05 1189.0 SaRa80
Fe(CsHs)h 707.7 FWUM?79, BCDH73,
CDH74, Nefe78 Ge 2pa2
13Fe(CsHs)z 7099 CDH74 Ge 12172 McWe76
Fe(CsHyCOOH) 7084 FWUMT9 Ge 12174 TLR78, MoVa73, Wagn75
Fe(phihalocyanine) 709.1 MSV79 GeSs 12198 MoVa73
GeSs 12198 MoVa73
Fe LMM GeNs 12188 TLR78
Fe 7024 WRDMT9 Gely 12182 MoVaT3
GeFs 12207 MoVaT3
Ga 2pin GeO, 12204 MoVa73, Wagn75
Ga 11167 @ NasGeOs 12189 MoVaT3
Ga 11165 Scho73a NasGeF 12213 Wagn75
GaP 11168 NSDU75 KGeFs 12207 MoVa73
Gay0; 11169 BDFP81 PhGe 12189 MoVa73
Ga03 11178 Scho73a
Ge LMM
Ga LMM Ge 1146.2 McWe76
Ga 10682 WRDM?79, MINN78, Scho73a Ge 1145.4 SFS77
GaAs 1066.3 MINN78 Ge 1145.] Wagn75, WRDM79
GaAs 1067.1 MINN78 . GeTe 114438 SFSTI
GaP 1065.6 MINN78, MIN§| GeSe 11438 SFSTT
GaP 1066.8 MIN81 GeS 11437 SFST7
GaN 1064.5 HeMa80 Ge0: 11377 Wagn75
Ga:Se; 10652 ITIS? Na;GeFs 11357 Wagn75
GaSe; 10656 ITIS?
Ga:0s 10616 MINN78 Ge3d
Ga20, 10624 Imig2 Ge 204 @
G0 1062.9 Scho72a Ge 293 McWe76
Ge 290 SFST7
Ga3d . Ge 29,1 HKMP74, Ue0d82, WRDM79
Ga 18.6 MINN78, LBHK73, GeAs; 29.7 HKMP74
Scho73a, WRDM79 GeTesAs; 299 HKMP74
GaSh 202 LBHK73 GeS:TeAs, 302 HKMP74
GaAs 18.8 LPMK74 GeSsAs 304 HKMP74
GaAs 192 IMNN79, MINN7S, Tayl82, GeTe; 30.1 HKMP74
GaP 188 MINS1 GeTe 300 SFST1
GaP 193 NIMN78, IMNN79 GeTe 297 HKMP74
GaP 199 LBHK73, MIN8! GeSez 310 UeOds2
GaP 187 LPMK74 GeSe 309 SFSTI
GaN 195 HeMa80 GeSz 304 HKMP74
AlGaAs 190 Tayl82 GeS 305 SFSTT
Ga:Ses 197 I8 GeS 295 HKMP74
GaSes 199 IT182 GeOs 325 HKMP74
Ga:0; 196 GGVL79 PhGe 312 HWVV74
Ga03 202 LBHK73, Scho73a Ph;Gel 318 HWVV74
Ga0; 205 ITI8? PhyGeBr 318 HWVV74
GOy 210 MINN78 PhGeCl 318 HWVVH
Gd 4d Hf 4f
Gd 1404 @ Hf 143 o
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Hf 14.4 WRDM79 ENi(PhP) 6193 NZB78
HfO; 16.7 SaRa80 LPYEP), 619.2 Rigg72
Lin(PriN) 619.6 FHTT?
HF 4d LPt(Me;P), cis 621.1 CAB7I
HIO, 2132 SaRa80, NGDS75 BPU(MesP), tran 6219 CAB7I
L{Mogl*s) 620.6 BeWa79
Hg 4f F¥4(Mogls) 6193 BeWa79
HgS (cinnabar) 101.0 P
Hg 99.8 BrMc72, SATDT3, I MNN
SMBM76, WRDM79 Lil 517.0 WRDMT9
HgosCda 1 Te 100.2 SBBS0 Agl 506.8 GaWiT7
HgS 100.8 NSSP80 cdl 507.0 GaWiT7
Hgly 100.7 SATD73 Cul 507.1 GaWiT7
HgBr 101.0 SATDT3 Nil, 507.3 GaWiT7
HeCl, 1014 SATD73 Znh ' 506.0 GaWiT7
Hek 1012 SATD73
Hg0 100.8 NSSP§0 In 3dsp
EtNCHyHgOAe 1013 NSSP80 In 443.9 ¢
ChLHg(H,NCONHCONH;), 1013 YYST8 in 438 Ben81, Hegd82, WRDM?79,
Hgfthiodibenzaylme), 1013 TBHH77 PVVA79, LAK77
(PhaP)Hg(SCN) 1014 Fol.ag2 IngsSns 4436 Hegd82
InSh 444.1 IMNN79
Ho 4d InP 444.6 Bert81, CFRSR0
Ho 159.6 @ InsTes 445 WRDM79
_ InsSes 4448 WRDM79
I 3dsp InsSy 4448 Wagn77, MSC 73
KI 6193 ) Inly 4460 Wagn77, MSC 73
L 6199 Sher76 In] 4439 FHT77
Csl 6182 MVS73 InBry 4460 Wagn77
Rbl 6182 MVST3 InBrs 446.6 MSC73
Ki 618.8 MVS73 InBr 4451 FHT77
Nal 6186 MVS73, Sher76 InCly 446.0 WagnT7
Lil 6197 WRDM79 InCly 446.9 MSCT3
Lil 6189 MVS73 InCl 449 MSC73
Agl 6194 GaWiT7 : InF; 4464 Wagn75, MSC73
cdl 6192 GaWiT7 In,04 4443 Wagn77, NGDS75, Berts1
cdl 6194 SATD73 In;0y 444.6 CFRS80
Cul 619.0 GaWi77 Inz04 4449 LAK77, MSC73
Heh 6194 SATD73 In(OH); 4450 WRDM79
In 6190 FHT77 (NHq)slnFg 4456 Wagn77
Inks 619.1 FHT77 CulnSe, 4447 KJID81
Nily 619.0 GaWi77 In(acac)s 4454 MSC73
Nilz - 6H:0 619.7 NZB78 BrlnEuN 4457 FHT77
Zah 619.8 GaWiT7 ClInEtN 4452 FHT77
Zaly 6197 SATD73 BradnPrN 4459 FHT77
NalO; 623.5 Sher76 LinPrN 4454 FHT77
NalO; 624.0 Sher76 ClyinPrN 4458 FHT77
HIO; 623.1 Sher76
HslOg 6230 Sher76 In MNN
105 6233 Sher76 In 4104 WRDM79
il 621.5 Sher76 TngsSns 4105 PVVAT9, KISC80, LAK77
ICls 622.5 Sher76 InSb 401.6 IMNN79
CssSbaly 618.5 BCH75 InP 408.0 Bert8]
Rb:Shyly 620.8 Tric74 InP 411.0 KISC80
Na(NilOg) - H0 6244 NZB78 In;Te; 408.9 WRDM79
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InaSe; 4083
ISy 4073
Inly 405.8
InBry 4048
InCh 4046
InF; 403.7
In204 406.4
In{OH); 405.0
(NHg)inFy 404.1
Ir 4f
Ir 60.9
Ir 60.8
IrCly 62.7
KslrBrg 62.6
KoliClg 63.0
KalrClg 63.6
KliClg 62.5
(NHq)IrClg 637
(NHe)aliClg 63.0
I(CONCI 63.4
KIrCKNO 65.0
Klr{CO)Cl 62.7
Kalr(CO)Cls 63.0
IrCl(EteP), 63.6
IrCINA(PhaP), 60.7
Irly(H,NCH,CH;NH: )3 63.1
IrCl(H,NCH;CH,NH:): 632
IrClg(H,NCH,CH,NH, )y 63.2
K2p
K 2944
KCl 2929
K 294.6
KI 292.8
KBr 293.0
KCl 292.8
KF 2925
KF 292.8
KF 293.1
KCN 294.7
KN: 2925
KNO; 2929
KCIO; 2932
KClO 2934
KsPO, 2935
KeP:0y 2922
KGO 2926
K:Cr0 2921
K>Cr0y 2928
KaMoOQ, 2926
KRKO; 2925
KAL(AISi;010){0H); 293.0
KaliClg 2928
K;MoClg 2927
K;0sClg 293.0
Perkin-Elmer Corporation
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WRDMT79
WagnT7
Wagn77
Wagn77
WagnT7
Wagn75
Wagn77
WRDM79
WagnT7

o

WRDM?79, BHHK70, EPC75

Folk73
NefeT8KalrBrg61.8Nefe78
CoHe72, LeBi72
KSPB76, NSBN77
NSBN77

EPCT75

EPC75

KSPB76

NSBN77

KSPB76

KSPB76

LeBr72

Folk73

NeBa72

NeBa72

Nefe78

¢

L

SMKM77, PeKa77
MVS73

MVS73, WRDM79
MVS73, NSLS77
Wagn75

PMDS77

MVST3

VannT6

SGRST72

NSLST7

MVST73

MVST3

MVST3

MVS73

ACHTT3

ACHTT3

NSSP80

INFS82

NFS82

WPHKS2
NSBNT7, LeBr72, CoHeT2
CoHeT2

CoHeT2, LeBr72

KaPiCls

K3ReClg

K:ReClg

K2SnClg

K:WClg

KalrClg
KaMo:Clg
KSbFFs

KZiFFs - H:0
K;NiFﬁ

K,UFg

KaZrFg

KsZrFy
KaCo(CN)s
KaCr(CN)s
KaFe(CN)g
K3sMn(CN),
KaFe(CN)g
K4V(CN)g
KIrClsNO
K2P{CN)s - 3H:0
K2P(CN)«Ch - 3H:0
K1Co(SCH:CHNH:CO00)s

K LMM
KBr
KF
KSbFg

Kr3d
Kr in graphite

La3d
La
. la
Lal:
Lag03
]..az();

Ladd

Lay03

Lils
LiF

LiN;
LiBr
Licl
LiF
Li;0
LiOH
LisCOy
LisPO;

Appendix B. Chemical States Tables

2928
2928
2937
2928
233
2930
2932
293.7
2927
2942
293.1
2926
292.8
293.7
2922
2919
2919
2919
293.7
293.1
2933
2929
2928

250.7
250.1
2493

870

8358
835.9
§38.8
835.1
§33.7

1039
101.3
101.7

55.6
M7
352
36.8
36.0
551
55.6
49
55.2
554

CoHeT2, LeBi72
CoHeT2
LeBrT2
CoHeT2
LeBi72
NSBNT7
HUGH79
Wagn77
NKBP73
TRLK73
PMDST7
NKBP73
NKBP73
Vann76
ZeHaTl
Vann76
Vann76
Vann76
Vann76
NSBN77
CaleT3
CaleT3
SSEWT79

WRDM79
WagnT77
Wagn77

¢

ScSc8?2
ScSc82
WRDM79
SaRa80

NIS72, KEML74
SaRa80, NGDS75, HoTh80
HoTh80

KLMP73, CSFGT9
SGRST2

MVS73

CSFGT9, MVST3
MVST3, WRDM79
CSFG™9

CSFGT9

CSFGT19

MVST73

M-




Appendix B. Chemical States Tables

LisP2Oy
LiCIO;
LixCrOs
LiCrOs
LiNbO;3

Lu 4f
Lu

Ludd
Lu
Luy04

Mg 2p
Mg
Mg

MgCu

Mg;Biz

MgF,

Mg0

Mg(OH)»

MgALO,

Tale, Mg3SisO;0(0H)

Mg 1s
Mg
Mg:.Co
Mg;Bi
MgF;
Mg(OH)2
MgALO,

Mg KLL
Mg

Mg:Cu
MgsBi;

Mgk,
Take, Mg:Sis0,0(0H);

Mn 2p
Mn
MnO,
Mn
Mn
MnN
MnS
MnS, beta
MnS§, alpha
MnS
‘Mnly
MﬁBI:
MnCl;
MnF;

226

55.6
5712
571
55.6
54.8

13

196.2
196.0

498
496

49.8
50.6
510
508
4935
504
50.5

1303.1
1303.0
1304.0
1305.0
1302.7
1304.0

1185.5

1185.7
1184.6
11782
11803

639.0
642.1
638.8
639.0
6413

6408
641.9
642.1
6419
6420
6420
642.6

MVST3
MVST3
ACHTT73
ACHT73
StHo79

KEML74, LPWETS
SaRa80, NGDS75

]

HAST5, LMKJ75, HFV 77,
Fugg?7, WRDM79
FWFA75

FWFA75

Wagn80

InYa81

HNUWTSa

HNUW78b

WPHKS82

HAS75, LMKI75, Fugg?7
FWFAT5

FWFA75

Wagn80

HNUW?78a

HNUW78b

LMKIJ75, SRHH78, WRDMT9,
Fugg?7, HFV 77

FWFATS

FWFA75

Wagn80
WPHKS2

(]

0]

LANMSI
WRDMT9
CSCn2

CSC72

Aoki76

AokiT6
Limo81
Aoki76, CSCT2
Aoki76, CSCT2
Aoki76, CSCT2
Aoki76, CSCT2
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MnF;

MnO

MnO

MnO

MmOy, alpha
Mnz04

Mn; 0y, alpha
Mn; 03, gamma
Mn;04

MnO;

MnQ,, beta
MI’IO:

MnOOH
CoMn;0;
CuMn;0;
MnCry0,

MnSQO;

KMnO.
Mny(CO)yp
BrMn(CO)s
(Br-Mn{CO))»
BrMn(CO)y(PisP)
BeMn(CO)y(P(OMe)3):
Mna(CO)s(PhsP);
KsMn(CN)g
NaMn(CN)g
Mn(CsHs)
Mn(CO)s(CsHs)
Mn(CO)5(CsHs)

Mn LMM
Mn

Mo 3d
Mo
Mo
Mo

MDB;
Mo;Bs
Mo,C
MoSi;
MoSe;
MOS]
MoS;
MoCly
MoCly
MoCls
MoO;

MoO i)

MoO;
(NH)MoOs
Al(MoOq)s
Al(MoOy)s

642.6 CSC72

640.7 OHIT5

640.5 OkHi76

641.4 Aoki76, CSCT2

6412 OHI75

641.6 CsCn2

641.7 OkHi76

6415 OkHi76

6414 OHIT5

6424 WRDM79

641.1 OHI75

6423 Aoki76, CSCT2, NGDS75

641.7 OHI75

6415 OkHi76

641.0 OkHi76

640.6 OkHi76

6449 Limo8|

647.0 UmRe78

641.6 VWVB77

6419 VWVBT77

6417 VWVB77

6415 VWVB77

641.0 VWVBT77?

6407 VWVB77

639.7 Vann76

6383 Vann76

6385 BCDH73, CDH74

640.6 CDH74

641.8 CIAdTI

617.6 Vayr81

2280 P

2219 NyMas80

2280 CiDe75, WRDMT9, CGR 78,
GrMa75, KBAW74, WaTa80

2219 MECC73

2213 BrWh78

2278 BrWh78

217 WPHKS2

2283 GrMa75

229.0 PCLHT76, GrMaT75

229.6 SSOTS81, StEd75

230.0 GrMa75

2306 GrMaT5

231.0 GrMaT5, SwHe7l

2293 SaRa80, CGRTS,
CiDe75, KBAWT4

232.6 GPDG79, KBAWT4, SaRa80,
CiDe75, CGR78, GrMaT5

2326 WRDMT79

2321 SwHe7l

2325 PCLH76

2333 NFS82
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CaMo0, 232.8 NFS8§2 VN 3974 STAB76
CoMoOq 2324 GPDG79, CiDe75, AMFL74 BN 398.1 WRDM79, HIGN70
CrMoQy 2322 TVGT6 SiaNg 3974 TLR78
CuMo0y 2321 HMUZ78 SaNy 3989 SDIOT7
KaMoOy 2321 NFS82 SP(NHy); 398.8 FIWeT5
Na;MoOs 2321 CiDeT5, NFS82, SwHeTl, SaN;Cl 4004 HHJ69
NSLS77 (NPCly); 4003 HHI69
NaMoOs - 2H,0 2325 GrMaT7s Cs(N*NN¥) 397.9 SGRS72
(NHy)2Mo207 2325 AMFL74 Cs(NN*N) 402.2 SGRST2
(NH4):Mo7044 - 4Ha0 2321 GrMaT75 K(N#NN#) 3985 SGRST2
CusMo;0y0 2324 HMUZ78 K(NN*N) 402.8 SGRST72
CusMo,09 2328 HMUZ78 Li(N*NN#) 3987 SGRST72
Rh;MoOg 2318 NFS82 Li(NN*N) ' 403.1 SGRS72
ClMo(NO), 2304 NefeT8 Na(N*NN#*) 3985 SGRS72
KaMo,Cly 2292 HUGH79 Na(N*NN*) 400.] HHJ69
La(Mogls) 2288 BeWa79 Na(NN*N) 402.9 SGRST2
Bry(MogBrg) 2293 BeWa79 Na(NN#*N) 404.5 HHJI69
ClsMo(PhsP)s 2319 HuBa74 Rb(N*NN#) 398.1 SGRS72
ClsMoyEtaP)s 2287 Walt77 Rb(NN*N) 402.4 SGRS72
CliMo(PhPMez)s mer 2294 LeBi72 K3Co(CN); 399.6 Vann76
CliMoa(PhPMes)s 2287 Walt77 K3Cr(CN)g 3976 Vann76, ZeHaT 1
(CO)sMo(PhsP) 2283 HVVT9 KsFe(CN)g 398.1 Vann76
(CO)eMo(PhaP)s 278 HuBa74 KaMn(CN)s 3983 Vann76
(CO)sMo(PhsP)y 2214 HuBa74 K4Fe(CN) 398.0 Vann76
ClaMo(CO)(PhsP), 2293 Nefe78 K4Fe(CN)g 3978 YNNAT7
ClMo(CO)(PhsP) 2288 HuBa74 - K4V(CN)s 3985 Vann76
CLMo(NO),(PhsP), 2303 HuBa74 NaMn(CN)s 3976 Vann76
ClsMo(NO)y(MeCN), 2315 Nefe78 NaFe(CN)(N*0) 402.7 YNNATT
ChMofpyridyl)s 2295 CELCT6 NaFe(CN*);(NO) 3974 YNNA77
ClMos(pyridyl)s 2289 Walt77 NagFe(CN)sN*0, 4043 YNNATT
ClsMo(pyridyl), 2308 SwHeTl NasFe(CN#)sNO, 396.6 YNNAT7
Bry(MogBr)(pyridyl) 297 BeWa79 KCN 399.8 HHJ69
CliMog(pyridyl) 2296 HaWa74 KCN 398.3 YNNA74
ClaMo(bipyridyl) 2320 CELCT6 KCN 400.6 Vann76
Cl:MoO(bipyridyl) 2319 CELC76 - NaCN 4002 VannT6
Cl:MoOy(bipyridy!) 2323 CELCT6 (NH4)PtCly 400.3 KaEI79
(CO)sMo(bipyridyl) 2263 GrMa75 (NH;)2504 401.3 SwAll4
Cli2Mog(PhsP), 2296 HaWa74 N*H4NO3 401.9 SwAlT4, BCM78
Clg(MogBrs)(EuN); 2292 BeWaT9 N¥H4NO4 402.3 BTET7
Brg(MogBrs)(E4N): 2293 BeWaT9 N*H4NO4 403.1 HHJ69
(BuzsN);Mo(CO)4 2274 GrMa75 N3HgS04 403.3 HHJ69
(BusN):Moalyy 2290 BeWaT9 N2HgS04 401.7 Folk73
(BugN):Mo:Clg 229.5 Walt77 NH;OHC], ionic 402.9 HHJ69
(CsHs)Mo(CO)s 2274 GrMa75 NH30HC], ionic 401.4 Folk73
MoOs(acac), 2320 GrMa75 NH;380; 402.6 HHJ69
NaN>0; 402.1 HHI6Y
N 1s KSCN 3993 HHI69
BN 398.1 (1) KOCN 399.1 HHI69
NH; 399.6 HHJ69 KOCN 397.9 Folk73
NH; 3987 LaLu79, RNST73 NEBF, 417.1 RNST73
CiN 3974 RoRo76 NaNO, 404.9 HHI69, LiHe75
CiN . 396.7 STAB76 NaNQ; 403.9 BTE77
GaN 397.0 HeMa80 Ba(NOs), 4075 CLSW83
GeaNy 3974 TLR78 Ca(NO3), ; 408.0 CLSW83
SeN 396.2 STAB76 KNOs 407.2 NSLS§77
TiN 396.9 STAB76 NH;N*04 407.3 BTET?
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NHN#*03
NHN*03
NEINUs

NaNO;
Ni(NOsh
Ni(NOs), - 6H,0
Pb(NOs)2
St(NO3)
KaPUNO2)4
KaP((NO2)g
K3Co(NOy)
K3Rh(NO2J)s
K3Rh(NO;)s
MoCL{NO}
K40s(NO)Cls
K:Ru(NO)Is
KaRu(NO)Brs
Rhy(NOXCl
Co(CO):NO
Fe(CO)(NO);
Co(NHs)sCls
Ni(NHs)¢Brz
Ni(NH;3)¢(ClOs)
PiN*H;p(NO2h
PUNH3L(N*Og)2
PINH:)Cly
Rh(NHs)eCls
MesNBr
MeNCl
MesNCl

EuyNCI

ELNHCI
Ei;NHHSO,
BusN
BuNH:HS04
BuNHSO,
EINH;
EINH:BF;
NH.Cl

NH4Cl

NH:BE:

CsHsN

CsHsN
CsHsNHC
CsHsNBF;
Hexamethylenetetramn
PhCN
C(NH2):Cl
PhNH»

MesNO
OP(NMes);
P(NMez);
Cysteine HCI Hydrate
Cysteine
HiN(CH;);COOH ionic
HN(CHICOOH}I 1onic

298%

405.8

408.1

4074

407.0

4076

4072

408.1

4047

404.7

404.2

404.1

4073

4014

402.8

402.5

40330
401.90
402.20
401.80
400.10
399.60
39990
400.40
40440
40020
400.10
401.40
401.50
402.30
401.40
401.20
401.80
398.90
401.00
402.20
398.90
401.40
400.80
401.50
401.90
398.80
399.30
401.00
401.40
399.40
399.20
400.10
399.40
403.00
399.10
39830
401.20
400.00
400.80
400.70

HHIG9
BCM78
HHJ69, LiHe?5
BTE77
TRLK73
NZBT8
TLR78
CLSW83
SNMK78
SNMK78
NBMOT73
SNMK78
SNMK78
Nefe78
Nefe78
Nefe78
Nefe78
NefeT8
BCGH72
BCGHT2
YNABT7
NZB 78
NZB 78
Nefe78, CMHLT7
Nefe78, CMHL77
Nefe78, CMHL77
Nefe78
SGCT74
EMGK74
LiHe75
EMGK74
LiHe75
EvRe81
LiHe75
EvRe81
EvRe81
BCGHT73
BCGH73
SwAlT4
EMGK74, BTE 77
BCGHT3
LiHe75
BCGHT73
HHJ 69
BCGHT3
LiHe75
LiHe75
LeRa77
LiHe75
LiHe75
FIWeT5
GBMPT9
SSEWT9
LIMa79
YoSa74
YoSa74
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N(CHCOOH)
H;NCH,COOH
HaNCH,COO ionic
EtCHNH,COOH
HaN(CH);COOH
CH;CHNHCOOH
H,NCONH,
HaNCSNH;
H,NCSNH;
CHy;CONH,
PhCONH,

PhN=NPh

PhN=NPh
PhCH=NPh ,
1,1"-azonaphthalene
NCN=C(N*H)
AmONO
PhC=NOHC=NOHPh
MeC=NOHC=NOHMe
Ni(dimethylglyoxime),
Cu Salicylaldoxime

Cu(8-hydroxyquinol),
$-Quinolinol

Cr(CO)sNH;
N(EL0);SiCl
N(E0)sSiH
Morphine
Morphine H,S0,

Nals

Na

NaCl

Na

Na

Nal
NaBr
NaBr
NaCl
NaCl
NaCl
NaCl
NaCl
NaF
NaF
Na,CO,
Na:CO3
Na;HPO,
Nﬂ:HPOq
Na:S203
Na,SO3
NaxSOy
Na;Se05
NhTCQ{
NasPO4
NasP;0;
NaP:L0;

398.70
398.70
400.60
400.60
398.80
401.00
399.50
399.80
399.20
399.60
399.50
399.60
400.10
399.10
400.00
399.20
4045
400.6
399.8
4004
4003
3995
3989
3995
4005
399.8
3985
4012

1071.8
1072.1
1071.8
10714
10717
1071.7
10714
1071.6
10725
10715
1071.8
10723
1071.2
1071.0
10715
1071.7
1071.6
1071.5
1071.6
10713
1071.2
1070.8
10711
1071.1
1070.8
1071.6

YoSa74

YoSaT4

YoSa74

YNAB77

YoSa74
YNAB77, KNPP74
LeRa77

StWaT7, NBMO73
LeRal7
SNMK78
LBNN78, HHJ 69
BrFe76

LiHeT5

SINST?

Yosh80

LeRal7

LiHe75

Yosh78

Yosh78

NZB78

BuBu74

YoSaT4

Yosh&0

BCGHT2

GrHe77

GrHe77

SCKK75
SCKK75

@
D

BaSt75

KLMPT3
WRDM79
Wagn75

MV§73

Wagn75
SGSO70

KOK33

NSLS77
HHDDSI
Wagn75

MVS73, NSLST7
WRDM79
HHDDS8I
WRDM79
Swif82

Wagn75

Wagn75

Wagn75

Wagn75

Wagn75
MVS73, Swif82, GMD79
MVS§73

GMDT79

Perkin-Elmer Corporation
Physical Electronics Division



Handbook of X-ray Photoelectron Spectroscopy Appendix B. Chemical States Tables

NaClO: 10718 MVST3 NaCl 990.1 KOK83
NaHsPO, 1071.1 Swif§2 NaF 9986 Wagn75
NaH,PO,4 10720 Swif§2 NayCOy 989.8 WRDMT9
NaHCO» 10713 WRDMT9 Na;HPO, 9899 WRDMT9
NaN; 10708 SGRS72 Na;HPO, 989.7 Swif82
NaNO, 10716 Wagn75 Na:S:0s 990.1 Waga75
NaNO; 10714 Wagn75 Na:S0; 9904 Wagn75
NaPO;y 1071.7 Wagn75 Na:S04 989.8 Wagn75
NaPO; 1071.7 Swif82, GMD 79 Na;Se(s 9910 Wagn75
Na:Cri0y 1071.6 WRDM79 Na;TeOy 990.5 Wagn75
Na;Cr04 1071.4 Wagn75 NayPO, 990.1 Swif82
Na:Cr04 1071.0 ACHT73 NaH:PO; 989.8 Swif82
NaaliClg 10719 Wagn75 NaHaPO4 989.1 Swif§2
Na:MoOq 1070.9 Wagn75 NaHCO; , 980.8 WRDM79
NaaMoO, 10718 NSLS77 NaNO; 989.8 Wagn75
NapPdCly 1071.8 Wagn75 NaNO; 989.6 Wagn75
NaxSn0;3 - 3H:0 1071.1 WRDM79 NaPOy 989.3 Wagn75
NaaW0, 10720 Wagn75 NaPO; 989.4 Swif82
NaAsO, 10709 Wagn5 Na:Cr0; 9906 WRDMT9
NaBi0; 10713 WRDM79 Na,Cr04 9912 Wagn75
NaCr0; 10724 ACHTT3 NaglrCle 9892 Wagn75
Na;BeFy 1071.8 NKBP73 Na;MoOy 991.0 Wagn75
NasGeF 1071.7 Wagn5 Na:PdCle 9902 Wagn75
NaSiFg 10717 Wagn75 Na;Sn0; - 3H:0 9903 WRDMT9
Na:SiF, 1072.1 NSLS77 N2 WO, 989.6 Wagn75
NayTaF; 1071.9 NKBP73 NaAsO, 990.7 Waga75
NayTiFg 10716 Wagn75 NaBi0; 990.9 WRDMT9
NayZiFg 10715 Wagn75 Na:GeFs 998.1 Wagn75
Na;AlF; 1071.8 Wagn75 NaySiFg 9877 Wagn75
NagTaFs 10718 NKBP73 Na;TiFy 9885 WagaT5
NaBF, 10727 Wagn75 NayZiFg 988.7 Wagn75
NaBeFy 1071.9 NKBP73 NazAlFg 988.0 Wagn75
NaTaFg 1071.7 NKBP73 NaBF; 987.1 Wagn75
Na;0 1072.5 BaSt75 Na;0 989.8 BaSt75
NaOOCH 1071.1 WRDM79 . NaOOCH 989.8 WRDM79
Na;C204 1070.8 WRDM79 NayC;04 990.5 WRDM79
NaAlSi;Oy, albite 10722 WPHKS2 Mol Sieve A 988.8 WPHKS2
Hydroxysodalite 1070.5 WPHKS2 Mol Sieve X 9884 WPHKS§2
Natrolite 10724 WPHK82 Mol Sieve Y 987.8 WPHKS2
Mol Sieve A 1071.8 WPHKS2 NaOAc 989.9 Wagn75
Mol Sieve X 10723 WPHKS2 NaOOCCH,SH 990.4 WRDM79
Mol Sieve Y 10726 WPHKS2 NaO;SPh 989.7 WRDM79
NaOAc 10711 Wagn75
NaOAc 10717 HHDDS! Nb 3d
NaOOCCH,SH 10712 WRDM79 Nb 2024 [
NaO;SPh 10713 WRDMT79 Nb 2023 NyMa80
p-(NaOCOCMe=CH) 10722 HHDDS8I Nb 2022 MSC73, NSCP74, WRDM79

Nb 2018 Bahl75

Na KLL NbsTey 2028 Bahl75
Na 9943 BaSt75 NbTey 2038 Bahl75
Na 9943 KLMP73 NbsSes 2030 Bahl75
Na . 9945 SRHH78 NbSe; 2034 Bahl75
Nal 9912 WRDMT9 NbS, 2077 MSC73
NaBr 990.6 Wagn75 NbN 2038 Bahl75
NaCl 9903 Wagn75 NbBrs 207.1 MSC73
NaCl 990.0 SGSO70 NbCls 2080 MSC73

-~
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NbO
NbO
NbO
Nb:Os

LiNbO,

KNbOy

CaNb;0¢

CdNb;Og

CaNbOy

RhNbO4
ChLNbeCli(H;0)s - 4H;0
Cls(NbsCl2)(Et:N};
Brg(NbsCli2)(BusN)
Ch{NbCl)(PrsP)s
Cl(Nb¢Cl2)(Me2S0)s

Nd 3d
Nd
Nd:03

Nd 4d
Nd;0;

Ne ls
Ne in graphite
Nein Ag
Ne in Au
Nein Cu
NeinFe

Ne KLL
Nein Fe

Ni2p
Ni
NiO
Ni
Ni
Ni
Ni
NisYb
Ni;Si
NiSi
NiS
Ni§
NiS
Nil; - 6H:0
NiCl,
NiF; - 4H;0
NiO
"NiO

NiO
NizOs

230

2028
203.7
204.7
2075

207.1

206.8
2070
206.7
206.5

2047
2047
204.6
2046

980.8
9820

1208

863.1
8624
861.6
8622
8634

818.0

8527
853.8
8527
8527
8528
852.7
8527
853.0
8535
8528
§53.2
855.1
8553
856.7
8515
853.5
8543

854.3
8513

SPB76

Bahl75

FCFG77

SPB76, MSCT3, FCFGT1,
NFS82, NGDS75
StHo79

MSC73

Bahl75

Bahl75

Bahl75

NFS82

BeWa79
BeWa79
BeWa79
BeWa79
BeWa79

SaRa80

SaRa80

o

CiHa74
CiHa74
CiHa74
Wagn75

Wagn75

0]

]

LANMS1

ALMPS2

PEI82

WRDM79, ShRe79
WWCT78

GGMS2

GGMS2

ShRe79

DPS77

NgHe76

NZB78

TRLK73, KIHe83, YYST8
NSLS77

WRDM79

DPS77, KlHe83, LFWST9,

NFS82, NZB78, SRD79
KiWi74, McCoT5
NgHe76
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Niz03

Ni(OH);
Ni(NOsy);
Ni(NO3), . 6H;:0
NiAlL O,
NiALOy

NixSi0:

NiClO; - 6H:0
NiFe 04
NiRh204

NiSO;

NiSiO:

NiWO,

NaNilOs - H;0
KaNiFg

Ni(CO)
BraNi(NH;)s
Ni(NH;)4(ClOs)2
Ni(acac)s
Ni(OAc); - 4H,0
Ni(CsHs)
Ni(CsHs)
ChNi(PhsP),
ChLNi(PhaP),
CLNi(PhsP),
Ni(dimethylglyoxim);
ChNi(bipyridyl)
Ni(SPh);
Cl;Ni(NH:CONHCONH,);
Ni(2-aminobenzoate),
Ni(P(OEt)s)s
CLNi(E6P)
BrsNi(ELN),

Ni LMM
Ni
Ni
Ni

Ols
Ak, sapphire
A0
AgO
ALO;

AhO, sapphire
Al,Os, alpha
Al O3, gamma
As:03

As05

B:0,

BaO

BeO

BirOy

CaO

855.8 Kiwir4

855.6 DPST7, LFWS79, McCo75

857.1 TRLK73

8569 NZBT8

8558 SDR 80, LFWS79

8574 NgHe76

856.1 LFWS79

857.2 NZB78

8554 McCo75

8559 NFS82

856.8 ShRe79

856.5 SRD79

857.7 NgHe76

8564 NZB78

861.0 TRLK73

8548 BCGHT72

855.9 NZBT8

856.5 NZB7S

855.9 NZB78, TRLK73

856.5 NZB78

8542 BCDHT3

856.8 CIAGT1, TRLKT3

855.0 BNSAT70

8544 NZB78

857.0 STHU76

855.0 NZB78,YoYa81

855.7 NSWU77, NZB78

854.6 BBFR77

856.7 YYS78

855.9 YoYa81

853.8 TRLKT3

854.7 FaBa79

855.2 EMGK74

846.1 PEJS2

846.2 WRDM79

846.1 Kiwiz4, KGW76

531.0 ®

5292 Scho73

5286 Scho73, SRD80

5313 Nefe82, SDRS0,
BGDTS, ZS0S79

5310 Tayl82, WPHK82

5318 WPHKS2

5309 Barr83, WPHKS2

5317 Tayl82, MINN78

5316 WZR80

533.0 NGDS75

5283 InYa81

5317 NGDSTS, NFS75, HIGNT0

530.0 NGDS75, DSBGS2

5294 InYas1
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Ca0 5313
CdO 529.2
CdOs 530.3
Cey05 530.3
Ce0, 5292
C0303 529,9
Coy0; 530.2
Coy04 529.6
Cos04 529.7
CoO 530.1
Cr0s 5310
Cr05 531.5
Cr0y 5293
Cr0; 530.2
Cs0, 5215
CSgO4 530.5
Cu0 | 530.3
Cu0 529.6
FeaOs 530.2
Fex0; 529.6
Fe;03, alpha 529.6
Fe;03, gamma 529.8
Fe30y 5300
FeO 529.8
Ga:0; 530.8
GeDy 520.0
H,0 5332
HIO, 530.4
105 5299
II’I;O; 5298
Ii’leg 530.3
Iny0;3 530.5
Lay O3 528.6
L0 5313
Lua0s 5295
MgO 530.0
MgO 5312
MgO 532.1
MnO 529.7
Mn304 529.6
Ml‘le; 529.6
MnO; 530.0
MnQy, beta 529.6
MoO; 5311
MoO; 530.7
Mo0O, 5299
MoO; 530.9
MoQ; 5316
MoO; 530.4
Na:0 529.7
Nb:0s 520.6

Perkin-Elmer Corporation
Phvsical Electronics Division
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WZR80

NFES75, NGDST5, SBB&0
HGW75

PKHLS0

NGDS75

McCo75

NGDS75, WZR80
BGD75

CBR76, GPDG79, HSUT6
BGDT35, NFS82, NGDS75
HoTh&0, DPS76,
WZR80, BDFPSI
NGDS75

IKK76

DPST6

YaBa8(

YaBa8()

HMUZ78, MSSS81, RBO72, Scho73b
MSSS8I1, McCo75, HMUZT8,
RBO72, Scho73b
NGDS75, WZRS0,
Kilk73, Limo§1
HSU76, NSLS77
McZe77

McZe77

McZe77

McZe77

NGDS75, Scho73a,
WZR80, ZS0ST9
NGDS75, WZRS0
NGDS75, WZR80
NGDS75

Sher76

NGDS735

CFRS80

LAK77

NGDST5

CSFG79

NGDST5

NFS82, NGDS75
InYa81

WZR80

OHI75

QHI75

OHI75

NGDS75, WZRS0
QHI75

PCLH76

CGR78, KBAWT4
SaRaB0

NGDS75, NFS82
PCLH76

SaRa80, KBAWT4,
HMUZ78, CGR78
BaSt75

GBPS1

NbyOs
NbyOs
NbO,
NihO3
NizO3
NiO

P»0s (bridging O)
P;0s (bridging O)
P05 (nonbridging O)
P:0s (nonbridging Q)
PhO

PbhO

PbO, thombic
PbO, thombic
PO, tetragonal
PbO, tetragonal
PbO;,

PbO;

PdO

Pr303

Pr0,

PO,

RCO:

REO}

Rhy 03

Ru0s

Rqu

RuO;

SbyOs

Se205

Si0,

Si0,

Si0,

Si0,, gel

Si03, Vycor

Si0;, alpha cristobal
Si0;, alpha quartz
Si0;, alpha quartz
SnO

SI’IO:

S0
Thy03
ThO:
TeOz
ThOs
TiO,
uo,
U0s
V203
Va0
V205
Vo205
WO,
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530.6
5313
530.7
5306
5318
529.6

5322
5326
5336
5343
5289
5316
5294
5309
5215
5289
5214
529.0
529.3
529.3
5286
5314
530.1
531.9
5304
5294
5204
5307
5300
5300
533.0
5343
5325
5328
532.9
5325
5327
5332
530.1
530.6

530.5
528.8
5268.8
5302
530.0
529.9
530.4
529.9
530.5
530.0
529.9
530.5
5304

NGDS75, NFS82

SaRa80

SaRa80

SaRa80

KiWi74, NgHe76

DPS77, LFWST9, NFS82,
NGDS75, SRD79, WZRS0
NGDS75

GMD79

NGDS75

GMD79

NES82

WZR80

KOW73

ZiHe78

KOW73

ZiHe78

KOWT3

TLR78

KGW74

SaRa80

SaRaB0

CMHLT7

BHUS1

BHUS1

CMHL77, NFS82
MWLF78

KiWi74, McGi82, SaRa80
KiWi74

WZR80

NGDS75, WZR80
Bar§3, KMH78, NGDS75
Kilk73

NSLS77, SRD79
WPHK$2

WPHKS2

WPHK§2

WPHKS2

TLR78

ADPS77

ADPS71, LAK77, MWLF78,
NGDS75, TLR78

VaVeB0

SaRa80

SaRaB0

GBP81, SBBS0

NGDS73

MWLF78, WZRS80, NGDS75
MSSS81

MSSS81

CGR78

KKL83

BCM78, KKL83
NSLS77, NGDS75, NFS82
CoRa76

711



W03
0

0,

70,

AOHs, bayerite
Al(OH}s, gibbsite
AIOOH, boehmite
Co(OH)2
Cr{OH)s
Cu(OH)
Fe(OH)
FeO*OH
FeOO*H

In(OH);

KOH

LiOH

Mg(OH);

NaOH

Ni(OH)»

AIPOy

Cs:POs

CsiP20;

KiPOy

KsP2On

LisPOy

LisP20;

NayPO,

NasP;0; (bridging O)
NasP:0y (nonbridging O)
NaPOs (bridging 0)
NaPO; (nonbridging 0)
Ba(NOs),
Ca(NOs)

KNO;

Pb(NOs)s

BaSQ,

BaSQ.

CaS0,4

Cry{(SOg)s

FeSO;4

K280,

NiSO;

PbSO;

ZnS04

NayS0;

NaS:04

PhSOy

PbS;05

Ag,COs

BaCOx

CaCOy
CdCO,
CuCOs
LixCOs
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5306

5304

5302
5309
5314
5315
5315
5312
5312
5312
5313
530.1
5312
5318
5318
5312
5309
5328
5313
5328
5301
5302
5304
530.1
5315
5317
5304
3311
5329
5315
5334
5330
5336
5327
5317
5318
3325
5320
5321
5324
5312
5321
5315
5315
5312
5318
5308
5311
5306
5313
5314
5314
5315
5315

CoRa76, KMHTS, NFS82,
NGDS75, NSLS77

NFS82, NGDS75, NSLS77,

Scho73, WZR80, ZS0S19
NGDS75
WZRS0
WPHK$2
WPHK80
Tayl82

HSU76

DPS76

MSSS8I1

HSUT76

McZeT7
McZe77
WZRS0

Kilk73
CSFGT79, WZR80
HNUWTS
BaSt75
LFWS79
CFRS80
MVS73

MVS73

MVS73

MVS73

MVS73

MVS73
MVS73, GMD79
GMDT9
GMDT79
GMD79
GMD79
CLSW83
CLSW83
NSLS77

TLR78
CLSW83
WZRS80
CLSW83, WZRS0
DPST6

Limo81

WZR80
NSLS77, Nefe§2
ZiHe78

Nefe82

WZR80
WZR80

ZiHeT8

ZiHeTR

HGW75
CLSWS83
CLSW&3, WZRS0
HGW75
WZR80
CSFG79
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N2:CO;

PbCO;

CsCloy

KClOq

KCIO;

LiClO,

NaClOy

RbCI0;

ALSiO0s, kyanite
ALSiOs, mullite
AlLSi0s, sillimanite
ALSi0s, sillimanite
Ca(HSiO4)
CozSi0y
NuSi0*;- 5H;:0 '
Na;Si0s - SH,0*
Ni:Si0,

NiSi0,

MgSiO*; - 2H,0
MgSi0s « 2H,0*
Ab(MoO)3
AhL(WOg4)y

CaCr0,

CaMoOs

CaWo,
p-Benzoguinone
Hydroguinone
PhCOONa
p(Me:Si(0))
Methylsilicone Resin
Phenylsilicone Resin
PhCONH,

Os df
Os
Os
Os
OsCly
050
050
Os(HSO3)
K:Osly
K20sBrg
K:0sCls
Kz0sClg
K:0sClg
K:0sClg
K:0s0,(0H)
Os(NH3)sNa I
Os(NH3)sNBr:
Os(NH3){(N2}:Br
Os{NH;)N:Cl
K:0s(NO)Brs
KaOs(NO)Cls
HOs(PhsP)CI(CO)
OsCl(EuP),

5316
5312
5327
5322
5323
5314
5310
5318
5313
5316
5313
5319
531.2
5316
530.6
5325
5319
5323
5320
5328
5310
5320
5295
530.6
5299
5322
5335
5314
5315
5327
5326
5322

50.7
50.6
50.2
53.1
520
5.7
522
51.9
529
53.0
532
535
539
552
50.9
520
516
522
533
534
511
526

HHDDS1, WZR80
WZR80
MVS§73
MVS§73
MVST73
MVS73
MVST73
MVST3
AnSw74
AnSw74
AnSw74
WPHKS2
CIRi76
WZRE0
CIRi76
CIRi76
LFWS79
SRD79
CIRi76
CIRi76
PCLH76
NgHe76
ACHTT3
NFS82
NFS82
0YK74
OYK74
LBNNT78
WPHKS2
WPHKS2
WPHKS2
LBNN78

]
Folk73, BNMNT9
BHHKT0
Nefe78
SaRaB0
Folk73
Nefe78
Nefe78
Nefe78
Folk73
CoHe72
LeBr72
Nefe78
Nefe78
Folk73
Folk73
Folk73
Folk73
NefeT8
Nefe78
Nefe78
LeBr72

Perkin-Elmer Corporation
Physical Electronics Division
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0sClg(PhPMe), trans 53.0
0sCli(PhPMe3)s mer 51.7
OsCl(PhPMe:)s trans 50.5
P2p
P 129.9
P 130.0
P (red) 130.0
CusP 129.6
CuP; 1297
GaP 1288
GaP, anodically oxid. 128.5
GaP, thermally oxid. 129.7
InP 1283
InP 1294
ZnsPy 1283
ZnP; 129.8
AIPOs 1329
CssPOy 132.1
K-HPO, 132.8
KiPOs 133.2
Li;POy 133.6
Na;HPO: 133.1
NaiPO, 1324
NaH:PO, 1342
NaPO; 134.2
RbsPO, 132.5
NaH,P0, 132.6
CsaPr0y 132.6
KqP,0r 132.6
LisP,0y 134.3
NasP,0; 133.2
RbsP20y 133.1
P4Oyo 1353
OPCly 135.7
SPCls 1353
SP(NH3)s 1334
PhiP 130.9
PhiP 1309
PhiP 130.9
PhsPS 1325
PhiPSe 132.6
Ph;PO 1325
PhsPBl; 1322
PhsPBBr3 132.1
PhsPBCls 1322
PhsPBF; 132.0
PhPSH 1323
PhoPSeH 1323
(PhS)P 1343
(PhS):PS 133.1
(PhO)P 1347
Perkin-Elmer Corporation

Physical Electronics Division
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LeBr72
LeBr72
LeBr72

@
NSDU73

ScBr8l

NSDUT75

NSDUT5

WaTa80, IMNN79, NIMN78
MINSI

MINSI

CFRS80

Bert8]

NSDUT75

NSDU75

CFRS80

MVST3

Ben8l

MVST73

MVS73

Swif82, WRDM79, WaTa80
MVS73, GMD79, Swif82
Swif82

Swif§2,GMD79

MVS73

Swif82

MVST3

MVS73

MVS73

MVS73, GMD79, Bert81
MVS73

NIMNT78, NGDS75, CFRS80,
Bert81, GMDT79

FIWe75

FIWe75

FIWe75

Dale76, NSMST79,
TRLK73, GBMP79
HVV79, LMF80, SRH72
MSAVT1, GZF73
HVVT9, STAT4,
FIWe75, MSAVT1
HVV79, MSAV7I
GZFT73, STA74, FIWeT5,
MSAVT1, HVV79, BNSAT70
HVVT9

HVVT9

HVVT9

HVVT9

NSWMS0

NSWMS0

MSAVT]

MSAVT]

MSAVTI

(PhO);PS
(PhO);PSe
(PhO)PO
(PhO):PO
Ph;POBBry
PhsPOBCls
PhsPOBF;
Ph:PO(OH)
OPCI(OEt),
OPF;NPh,
OPCLOE
OP(NMes)s
PhsPl

PhsPBr

PhePCI
MePPh;Br
(PhyPy:P*Fs
(PhsP*)1PF,
Pi(PhsP)
PhsP=CHCOPh
PhaP=CHCOOMe
CLNi(PhyP)
Ni(CO}(PhyP)>

Pb 4f

Pb
Pb
Pb
Pb

Pb
PbgsSny
PbTe
PbSe
PbS

" Pbly

PbBr;
PbF,
PbO

PbO
Pba04
PbO;

Pb(OH),
Pb(NOs),
PbSO3

PbS:05

PhsPbCl

PhaPbCh
Pb(OAc)
Pb(OAc)
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1347
1343
133.6
134.8
133.7
1334
1333
1333
134.8
135.8
135.2
1334
133.0
1335
132.8
133.0
136.7
1335
131.2
1322
1325
1324
1314

136.9
136.4
136.8
136.8

136.8
136.8
1374
137.4
137.6
138.7
138.8
139.0
1389

1389
138.0
1374

138.4
1393
138.6
1394
1384
1373
1382
1389
1394
1385
1372

MSAVTI
MSAVTI
CFRS80
FIWeT75

HVVT9
HVVT9
MSAVTI
FIWe7s
FIWeT5
FIWe75
FIWe75

LMFg0, SRHT2
SRH2

LMF30
RiggT2
Dale76, STA74
STA74
BNSAT0
TRLKT3

D

LKMP73

SES77

BeFI80, KOWT73, Kiwi73,
TLR78, WRDM79, WaTa80
HSBS81, OCH79
HSBSS1

SFST7

SESTI

MoVa73, SFS77, ZiHeT8
MoVa73

NeFe82

MoVaT3

KOW7T3, ZiHe78, WRDM79,
INFS82, NSSP80, MoVa73
MoVa73, BeFI80

MoVaT73

BeFlI80, KOW73,

TLR78, MoVaT3

INSSP80

BeFI80, TLR78, NSSP80
ZiHeT8

NSSP80, ZiHe78

ZiHeT8

NFS82

MoVaT3

MoVaT3

MoVa73

BeFI80

BeFIR0
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Pd 3d
Pd
Pd
Pd
Pd
Pd
Pd
Pd

AgiOPdsO
AgiOPd:0
AgsOPd,0
AlsOPd,0
Mg:tspdn
Pd,Si

PdsSi

Pdls

PﬂBl’;

PdCL

PdO

PdO;
NasPdCly
K2PdCly
K:PdBry
K2Pd(NOz)s
K3PdClg
BroPd(PhsP)
ClPd(PhsP);
LPd(PhsP):
(CN)Pd(PsP)
Pdy(PhsP)y
ClLPd(PhsP)s
Pd(PhsP)s
Pd(OAc)
Pd(SPh),

Pd MNN
Pd
Ag:0Pd;0
AgOPG:0
AgsOPd,0
AlOP&0
MgysPdas

Pm 3d
PmCl;

Pm 4d
PmCly

Pr3d
Pr
Pra0y
Pr(y

335.1
3.1
3352
3352
3355
3352
335.3

334.6
3349
3349
3374
336.2
336.8
336.2
336.4
331.1
3378
336.3
3379
338.0
3382
33713
339.0
340.2
3378
3378
3315
3382
336.6
3429
336.0
338.6
kXN

3278
3288
3293
3297
3255
3264

1033.5
128.3

9318
9332
935.3

L]

NyMa80

BiSws0

BiSw8(

BiSw80

JHBKT3, Asam76
WRDM?79, WeAn80, BHHK70,
Scho72, GGM82, KBAMT2
WeAn80

WeAnS0

WeAn80

WeAn80

WeAn§0

GGME2

AWLS0

KBAMT2
KBAMT2
KBAM72, NKBP73
KGW74

KGW74

SeTs76

KBAM72, NKBPT3
KBAMT2
KBAMT2
KBAM72, Nefe78
KBAMT2
KBAM72, NSMST9
KBAMT2
KBAMT72
NSMS79

BNSAT0

NSMS79

NSMS79

BBFR17

WeAn80, WRDM79
WeAn80
WeAn80
WeAn80
WeAnSQ
WeAn§0

MNTB70

MNTB70

P
SaRa80
SaRa80
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Prdd

Pra0s
PrO,

PL4f

Pt
Pt
Pt
Pt

PiSi
PLSI
PICh
PCly
PO
PO
Po,
PO
POH),
KaPilg
K:P[B 7y
KzPlBl's
KzPCly
KzPICL
KaPiClg

K>PiFg
PU(NH;)¢Bny
PINH;):Cly
PUNH3),Ch,
PUNH;)eCly
PNH;)(NOy);
PYNH3}(NO3);
K:P(OH)s
KaP((NO,),
KaPiNO2)s
(NHq):PtCly
Pt(PhsP)
P{PhsP)
ChPt(PhsP), cis
CLP(PisP); cis
ClsP(ELP),
ClPYEtsP)
HCIPy(ELsP),
0:P(PhsPh
P(SPh)
PhiPP(SPPhy)
Clzpl(El,\P]z
LPIEGP)
1Pt{Me;P); cis
LPt(MesP); trans
LP{CH:CONH)
BryPt(CHsCONH),
ClLP{CH:CONHY

116.1 SaRa80

116.2 SaRa80

7.2 ]

71.0 JHBKT3

71.2 BHHK70, KWDT71, NefeT8,
Scho72, WRDM79, Wagn75

712 CMHL77, Cale73,
HaWi77, BACB75

73.0 GGM82

725 GGM8&2

73.6 EPCC75

75.5 EPCCTS

738 KWD71

742 EPCCT5

74.6 KWD71

75.0 EPCC75

726 HaWi77

73.4 SNMK78

72.6 SNMK78

74.6 SNMK78

73.0 CMHL77, EPCCT5, SNMK78

734 Wagn75

754 CoHeT72, EPCCTS5, LeBr72,
SNMK78

116 SNMK78

734 Nefe78

732 CMHLT77, Nefe78

734 SNMKT78

76.3 SNMK78

73.7 Nefe78

744 CMHL77

75.1 SNMK78

74.1 SNMK78

759 SNMK78

724 KaEI79

714 Nefe78

714 Rigg72

723 CABTI1

73.0 Rigg72

753 LeBr72

75.9 Nefe78, Rigg72

726 Rige72

73.0 Rigg72

728 BBFR77

718 NeSa78

731 Rigg72

725 Rigg72

726 CABTI

727 CAB71

74.6 NeSa78

4.9 NeSa78

74.8 NeSa78

Perkin-Elmer Corporation
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ChPUH:NCH:CHNH:: 730
ChPi(cyclooctadien) 739
KaPICl 318.1
Pt MNN
Pt 1960.7
Pt 2041.1
Rb 3d
Rb 1S
RbCI 1099
RbN3 1098
Rbl 1104
RbBr 1100
RbCl 1099
RbF 1098
Rb:PO, 1100
RbiP:0; 1100
RbCIO; 1104
Re 4f
Re 403
Re 405
Re 405
Re 410
Re0; 436
ReO3 4638
KaReClg 42
ChReO(PisP), 439
ChLReN(PiP)2 427
ClRe(E1sP; 433
CliRe(PMe:Ph), 436
ChRe(PMe;Ph)s, mer 418
Cl:Re(PMePh)s, trans 405
CIReN(PMezPh)s, trans 403
Rh3d
Rh 307.2
Rh 3072
Rh 3072
Rhly 308.6
RACls 310l
RACl; - 3H,0 3100
RACly - 12H:0 3101
Rb:0; 3088
R0 3082
BaRh,04 3084
BeRip0s 308.9
CaRh0, 30838
CoRn04 30838
PbRhy04 308.6
KRhO, 3085
LiRh0; 3089
ZnRh:04 308.7
Rh;MoOg 3092
Perkin-Elmer Corporation
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YMK78
CMHL77
EPCC75

Wagn78
Wagn78

SGRST72
MVS 73
MVS 73
MVS 73
MVS 73
MVS 73
MVS 73
MVS73

o

FHRE0
SSHU83, WRDM79
BHUSI

BHUSI

BHUS1

CoHe72, LeBi72
Folk73, Nefe8
Nefe78

LeBr72

LeBi72

LeBi72

LeBr72

LeBr72, Folk73

NyMa80

OIIT79, WRDM79, FHPW73

Nefe78

OIIT79

CWHS2
CMHL77
NFS82, CMHL77

NFS82°
NFS82
NFS§2
NFS82
NFS82
NES82
NFS§2
NFS§2
NFS§2

R, WO,

RhNbO,4

RhTa0,

RhVO;

K3RhClg

KiRhF;
K3Rh(NOy);
K3Rh(NO3)g
Rh(NH;)Cly
Rh(NO)sCly
CIRh(PhsP);
ChRh(PhyP);
ClRh(Ph;P);
BrsRh{Ph;P)s
NORA(PhsP);
ChRh{Ph:PpMeCN
H{(CO)Rh(PhsP);
ClCORRPHP)
CI(CO)Rb(PhsP),
ChRhy{cyclooctadi)s
Rhy(OAc): - 2H,0
Rh(NH,CH,COO); - Hy0

Ru 3d
Ru
Ru
Ru

RuCly

Ru0,

RuD;

RuO,

Ru(NHz)sNal;
Ru(NHs)sN:Br,
Ru(NH3)sN,Cly
C];Ru{PhPMe;); mer

S2p

L]
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3094
3092
3095
3092
3098
3122
3105
3111
3105
309.8
3074
3097
309.7
3079
"3082
309.6
3085
308.7
308.6
3087
309.0
3103

280.1
2800
280.1

2818
2807

2833

2805
2825
276.6

164.0
164.1

160.1
1617
1620
1613
1624
1620
1613
161.6
1629
162.2
161.8
161.7
162.0
162.5

NFS$2

NFS82

NFS§2

NFS82
SNMK78
Nefe78
SNMK78
SNMK78
Nefe78

Nefe78

CWHS2, Nefe78, OIIT79
CWHS2

Nefe?8

Nefe78

NefeT8

GIWa79

oI1T?9

NefeT8

CWHS2, O1T79
CMHL77, CWHS2
Nefe78

NPBS74

®
NyMa80

Folk73, BHHKT0, KiWi74,
FEMY77, WRDM79
Folk73

SaRa80, KiWi74, McGig2
KiWi74

Kiwiz4

Folk73

Folk73

Folk73

LeBi72

o

SNRS76, WRDM79,
RiVe83, LHIG70
SiWos0

BSRR81

Limo81

BSRRS!
NSSP80

Limo81, NSSP80
BSRR81

Bind73, Limo81
Bind73, Limo8]
TIWB72

SFS77

HKMP74
NSSP80

Limo81

78
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MoS; 1625 SSOTSI, StEd7S, PCLH76 Thiophene 1643 LHIG70
Na:S 160.6 SWH7I PhsPS 1624 FIWe75, MSAV7I
NS 161.8 LHIG70 PhsPS 161.8 HVV79
Ni$ 162.2 ShRe79, NgHe?6, DPST? PhiAsS 161.7 HYV79
PbS 160.8 SFS77 PhSSPh 164.4 RiVe83, LHIGT0
Sh:Ss 161.8 BCH75 PhCH.SSCH:Ph 1642 RiVe83
SnS 161.1 SFST7 (PhS);P 163.6 MSAVTI
Us 161.5 SNRS76 (PhS);PS 163.5 MSAVTI
US; 162.6 SNRS76 BuSSBu 164.1 RiVe83
WS, 162.1 NeHe76 MeSSMe 1643 RiVe83
WS, 163.0 Wagn75 NH>CSNH, 162.1 LeRa77, NBMO73, SrWa77
Zn8 164.0 Limo81 2-Mercaptobenzimidaz 1622 YYS79
GeS;TeAs; 1615 HKMP74 2-Mercaptobenzimidaz 162.8 ChHa79
GeSiAsy 161.6 HKMP74 BuNH3HSO, 167.3 EvRe8|
KFe$: 161.6 Bind73 BusNHSO, . 168.0 EvRe8!
Nao($*S04) 162.5 Wagn75 EtsNHHSO, 168.5 EvRe81
Nax$*S03) 161.7 LHIG70 PhSCMe; 1624 PiLu72
Nay(S5%05) 167.7 LHIGN0 Tetrathionaphthalene 164.4 RiVe83
K:S03 167.5 TMRS0 Cysteine 163.2 LIMa79, LHIGT0
NazSOs 165.6 SWHTI Cysteine HCI hydrate 163.1 SSEWT9
NazSO4 166.6 WaTa82, LHIG70 Cysteine HCI hydrate 163.6 LHIG70
Na;SO3 167.2 TMRS0 Methionine 162.8 BBFR77
Ag:S04 168.6 TMRS0 NH;CeH.SO:H 167.8 HaSh73
AL(SOs)s 168.8 LHIG70 (Me0S); 1645 LHIGT0
BaSO, 168.8 SiWo80, CLSW83 Me,SO 166.5 LHIGT0
CaSO04 169.0 . CLSWS3 ¢ (PhCH3):S0 165.9 LHIGT0
CoS04 169.7 Limo8| PhaSO 166.0 LHIGT0
CuS0, 169.3 WaTa80, NSSPR0, Limo8 | Me2S0: 169.0 LHIG70
FeSOy 1688 - LimoS81, LHIG70 CH;0S(0)OCH; 168.4 LHIG70
Fex(SO:)s 169.1 LHIGT0 MeSO0:Cl 1693 LHIGT0
Ka804 169.1 TMRS0 CICHCH,S0,C 168.5 LHIGT0
MnSO4 171.0 Limo8! PhSO;Na 166.3 LHIGT0
Na S04 168.8 TMRS0 p-NH:.CeHaSO.CHNHy-  167.9 LHIG70
NiSO; 169.2 Limo81, NSLS77, p-NH.C¢H.S0,NH, 168.4 LHIG70
Nefe82, ShRe79 p-CH:CeHaSOC 168.4 LHIG70
PbSO4 168.6 NSSP80 ' p-NH:CeHiSO5Na 168.1 LHIGT0
SIS0 169.1 CLSWS83 p-O:NCeHiSNa 161.0 LHIGT0
U(SO4)2 169.1 Chad73 CO,NCgH,SH 163.5 LHIGT0
ZnS04 169.5 Nefe82 0-0;NCeHaSH 163.9 LHIGT0
NO:S0: 166.8 BCM78 p-ONCH SMe 163.5 LHIG70
SN 164.6 SDIO77 0-0:NCeH,SNH; 164.1 LHIGT0
SFs 174.4 WaTa82 0-0NCHLSCI 163.9 LHIGT0
SFy 177.2 LHIGT0 p-OINCeH4SOF 169.6 LHIGT0
S0, 167.4 WaTa82 0-0:NCgHSO,F 170.0 LHIGT0
S0, 168.1 LHIGT0 PhCH,SSCH:Ph 163.6 LHIGT0
SOCh 168.1 LHIG70 PhCH>S*SOCH;Ph 163.7 LHIG70
SOF: 170.0 LHIG70 PhCH,SS*0CH:Ph 165.9 LHIGT0
SP(NH;)s 1623 FIWeT5 PhCH,S*S0,CHPh 163.9 LHIGT0
SPCl; 163.7 FIWe75 PhCH2SS*0,CH,Ph 168.0 LHIGT0
$:Cla 163.5 LHIG70 (CH3)38+- 165.8 LHIG70
5Cl 1744 LHIG70 (CH3):S+O)I- 168.2 LHIGT0
cS, 163.7 LHIGT0 (HOOCCH,),S+CH,C00- 1662 LHIGT0
(CH:COOH)S 163.7 LHIGT0
(CHaPh)sS 163.3 LHIGT0 SKLL
PhSH 163.1 LHIGT0 Nis 2116.1 WaTa80
PhsS 163.2 LHIGT0 NiW,S 21159 Wagn78
Perkin-Elmer Corporation
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WS, 2156
NazSOx 21085
Nay(85%0y) 2107.8
Nuy(§*503) 21125
CuS0y 2108.0
S0, 21062
SFq 2100.5

Sb 3dsp
Sh 5283
Sh 5282
AlSb 5286
ShesSns 5280
SbySs 5205
Sh;Ss 5292
Sbly 5304
SbCls 5309
ShF; 531.7
ShyO;y 530.0
Sh;0s 530.8
RbyShyBry 529.9
Rb3Sbalo 5299
CsaShaly 5292
Cs:SbiBry 530.0
Cs:ShiCly 5293
Cs:ShiCly 530.5

. CaSbClg 5309
Co(NH;)sSbBrg 530.1
Co{NH;)SbClg 530.8
KSbFg 5323
KShF; 5329
NaSbF, 5321
CsSbFy 530.6
KSb;F 5312
KaSbFs 5310
NasShFs 531.3
BuNH;Sbl; 529.6
BuNH;Shalg 529.9
EtNSbFg 5324
PhySb 5289
BusSbh 5281
PhsSbBr; 5298
Me:SbBrz 5303
Ph;SbS 5287
(CiaH2)3SSb 5298
PhyPSbClg 531.7

Sh MNN
Sb 464.1
ShyS3 462.1
SbySs 462.2
Shy0y 462.1
KSbF; 454.4

Perkin-Elmer Corporation

Physical Electronics D

e w

vision

»

Wagn78
WaTa82
Wagn75
Wagn75
WaTa80
WaTa82
WaTa82

¢
HSBS81,MSV 73,PVVAT9,
SFS71,WRDMT9, Wagn75
MSVT73
HSBS8|
MSV73,Wagn75
MSV73 Wagn75
MSV73

BCH75

MSV73

MSV73 Wagn75
MSV73

Tric74

Tric74

BCHT5
BCH75,Tric74
BCH75

Tric74

Tric74

Tric74

Tric74

MSV73
Wagn75

BCH75

BCHT5

Tric74

Tric74

Tric74

BCH75

BCH75

BCH75

BCH75

BCH75

BCH75

BCH75

BCHT5

MSVT3

MSV73

WRDM?79, PVVAT79, Wagn75
Wagn75
Wagn75
Wagn75
Wagn75

Se2p
Sc

Sc:05

Se

ScN

Sea0s
ClSc(CsHs)s
Se(CsHs)(CgHg)

Se 3d

Se
Se

Se
As;Se;
Ga;Ses
GeSe
GeSes
CulnSes
IMSC]
NbsSey
NbSe»
PbSe
PbSe
SnSe

HzSe0;

HiSe0y
Na;Se0;
Na;SeQy
NaxSeS404
PhaSe
(BrCsHy):Se
PhoSe;
(BrCeHa):Se,
(CieHasSe);
1,SePhs
Br:SePhz
ChSePh,
ChiSePh,
CigHz:SeCN
HSePP
SePhsP
Ph:Se0
(PhCH,):5¢0
(BrCgHa),5¢0
(C4HzCOOH)5¢0
PhSeO(OH)
ClCsHsSeO(OH)
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3986
401.8
3987
400.7
401.9
4014
400.2

55.6
555

_ ssi
55.1
546
548
545
540
548
549
537
534
54.1
537
550
546
549
589
598
592
599
612
59.1
616
569
558
564
558
56.0
56.1
581
578
517
588
517
545
543
576
582
584
585
588
593

o

o

SMKMT7

STAB76
NGDST75,WRDM?79
WeMe78

WeMeT8

o

SFST7, BWIS0, UeOd82,
WRDM?79, WSPT7, MTHBTI
BWIS0
UeOd82, WSPT77
ITI82, TIWB72
SFST7

UeOd82
KIID381

KIIDg1

Bahl75

Bahl75

SEST7

WSP7

SFST7

WSP77

BWIT9

BWI?9
BWIB1, ITI82
MTHBT71, WSP77
BWISI
MTHB7I
BWIBI

WSP77

WSP77

WSP77

BWI81
MTHB71
BWIS1

BWIS1
MTHBTI
BWIB1

BWISI

BWIBI
MTHBTI
MTHB7I
NSWMS0
HVVT9

BWIBI
MTHB71
MTHB71
MTHBTI
MTHB71
MTHB7I

77
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FCgH:SeO(OH) 593 MTHB7! Hydroxysodalite 101.7 WPHKS2
CICsHiScO(0H) 60.2 MTHB7I Kaolinite 1027 Ban83
(MeOCsH)Se0: 60.0 MTHB7] Kaolinite 103.0 WPHKS?2
(HOC:H4S)Se 56.2 WSP77 Mica, Muscovite 1024 WPHKS2
Natrolite 102.2 WPHKE2
Se LMM Pyrophyllite 102.9 WPHK82
Se 1307.0 BWIS| AlSiOs, sillimanite 102.7 WPHKS2
Se 1306.7 Wagn75 : LiAIS10g, spodumens 1025 WPHKS2
Se0, 13014 BWIS1 Tale, MgsSisO1(OH) 103.1 WPHKS&2
H:Se0s 1300.8 BWI81 Wollastonii,Ca;Si;0g 1024 WPHKS2
H:Se0, 12979 BWI8I Mol Sieve A 101.4 WPHK 82
NaSe0s 13012 Wagn75 Mol Sieve A 1013 Barr83
PhsSe 1304.0 BWIS1 Mol Sieve A, Ca form 101.8 Barr83
PhsSes 13043 BWI81 Mol Sieve X 102.2 WPHKS82
1:SePh 13021 BWIS| Mol Sieve X ' 1022 Ban83
ChSePhy 13029 BWIS1 Mol Sieve X, Ca form 102.7 Ban83
PhSe0 13019 BWIS| Mol Sieve Y 102.8 WPHKS2
Mol Sieve Y 102.8 Barr83
Si2p Mol Sieve Y, Ca form 102.8 Barr83
Si 993 o KaSiFg 104.6 MoVa73
Si02 1033 D Na:SiFg 104.3 NSLS77
Si %5 AWLS(, PADSTS, WRDM?9, p-Methylsil. (linear) 1024 WPHKS2
WPHKS?, Tayl$1, KBHN74 p-Methylsil. (resin) 1029 WPHKS2
Si, p-type 99.0 HBBKT72 p-Phenylsil. (resin) 102.7 WPHKS2
Si, n-type 100.0 HBBK72 MeSi 1005 GCHT6
Si, (100) 99.7 TLR78 ‘ PhsSi 100.7 MoVa73
FesSi 995 ShT75 PhsSi 101.2 GCH76
MoSi; 99.6 WPHKS2 Ei:SiH 100.7 GCH76
MoSi 99.1  Brwhs Et;SiOH 1011 GCH76
NisSi 98.9 GGM82 Et;SiBr 1010 GCH76
NiSi 08.8 GGM&2 ESiCl 1014 GCH76
NiSi 98.4 AWLS0 EtSiF 101.8 GCH76
PdsSi 997 GGM&?2 EtSiCla 102.1 GCHT76
Pd:Si 99,6 AWLS0 EtSiCl 1029 GCH76
PdSi 99.8 WaTa80 ' (CH=CH)sSi 100.7 GCHT6
PLSi 100.5 GGMS2 MeSiSiMes 100.5 GCH76
PiSi 100.5 GGM82 MesSiOSiMe; 100.9 GCH76
PhaSiSiPhy 100.7 GCH76
SisNy 101.8 WHMC?78, WaTa80, PhsSiOSiPhs 101.3 GCHT6
Tayl81, TLR78 ’
SiS, 1034 MoVa73 Si (KLL)
Si0y 103.6 KBHN74, NGDS75, Si 1616.6 WPHKS2, CDN 77
MoVa73, Barr§3 MoSi, 1617.2 WPHKS2
Si0,, Vycor 103.5 WPHKS82 PdSi 1617.4 WaTa80
Si0, quartz 103.7 WPHKS2, TLR 78 SisNg 1612.6 WaTag0
Si0;, alpha cristobal 1033 WPHKS2 Si0; 1608.8 KBHN74
Si0; gel 1034 WPHKS2 S$i0;, Vycor 1608.5 WPHKS2
Ni:Si04 102.9 LFWS79 Si0y, quanz 1608.6 WPHKS2
NiSiOs 103.3 SRD79 Si0;, alpha cristobal 1608.8 WPHKS$2
ALSiOs, kyanite 102.8 AnSw74 Si0; gel 1608.3 WPHKS82
AL:SiOs, mullite 103.0 AnSw74 NaAlSis0g, albite 1609.3 WPHKS82
ALSIOq, sillimanite 102.6 AnSw74 H Zeolon 1608.4 WPHKS2
NaAlSi;0s, albite 102.6 WPHKS2 Hemimorphite 1610.5 WPHKS$2
Bentonite 1029 Ban83 Hydroxysodalite 1610.7 WPHKS2
H Zeolon 103.3 WPHKS2 Kaolinite 1609.0 WPHKS$2
ZnsShO1(OH)s - 2H,0 102.0 WPHKS2 Mica, Muscovite 1609.6 WPHKS2
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Natrolite 1609.6 WPHKS?2 PhySn 487.1 HWVVT4
Pyrophyllite 1609.2 WPHKS2 ' PhsSnl 4863 WVV79
AISIOs, sillimanite 1609.5 WPHKS82 PhsSnl 4875 HWYVT4
LiAlSi;Oq, spodumene 1609.6 WPHK§2 PhsSnBr 4815 HWVVT74
Tale, MgsSisOy(OH), 1608.9 WPHKS82 PhiSnCl 486.3 WVV79
Wollastonii, CasSiaOg 1610.0 WPHKS2 PhaSnCl 487.0 MoVa73
Mol Sieve A 1610.1 WPHKS2 Ph;SnCl 487.6 HWVV74
Mol Sieve X 1609.4 WPHKS2 o Ph;SnF 486.2 WVV79
Mol Sieve Y 1608.6 WPHKS?2 PhsSnF 4813 HWVV74
p-Methylsil. (linear) 1609.4 WPHK§2 Ph:SnOH 485.6 WVVT9
p-Methylsil. (resin) 1608.8 WPHKS?2 ClySn(pyridine); 487.3 WVV79
p-Phenylsil. (resin) 1610.0 WPHKS2 CliSnEt(pyridine), 4872 WVVT9
ClSnPh(pyridine)s 487.2 WVV79
Sm 3dsp, Me;SnF 4867 WVV79
Sm 1081.1 ¢ Me,SnF, 487.1 WVV79
Sm 1081.2 DKMRB76 MezSnSOy 487.0 WVV79
Smy0s 1083.4 WRDMT9 BuSn0 485.6 WVV79
BrgSn(EtaN), 487.0 WVV79
Sn 3dsp ChSn(MesN) 486.1 GZF73
Sn 485.0 ) CliSn{Me;SO) 487.0 GZF73, WYV79
Sn 484.9 NyMag0
Sn 485.1 SESTT Sn MNN
Sn 485.0 WRDM79, PYVAT9, LAK 77, Sn 4374 PVVAT79, Wagn75, WRDM79,
Wagn75, OCH 79 LAK 77
Sn alpha 485.0 Hegd82 SnS 4357 Wagn75
Sn beta 484.6 Hegd82, HSBS8I Sn0; 4327 LAKT7
AgosSns 485.6 HSBS81, Hegd82 NaSnF; 430.8 Wagn75
AuSn 485.2 FHPWT3 Na;Sn0s4 431.7 Wagn75
AuSny 484.9 FHPW73
Cdgo + 580+ 005 4853 Hegd82 Srid
CdgsSns 485.6 Hegd82 Sr 1343 L]
IngsSns 485.2 Hegds2 Sr 1344 VaVe80
PhysSns 486.4 Hegd82 S0 1353 VaVeB0
SbsSns 4852 Hegd82 Sty 1338 WRDM79
SnTe 485.6 SEST7 © SiICOs 1332 CLSW83
SnSe 485.7 SEST7 St50y4 1343 CLSW83
SnS 485.6 SEST StNO3)2 134.7 CLSW83
SnBr 486.9 GZF73 SrMo0q 1335 NFS82
SnCly 486.7 WVvV79 SrRhz04 133.0 NFS§2
SnFa 487.0 MoVa73
SnF; 4870 MoVa73 Ta df
SnO 486.0 ADPST7 Ta 219 )
Sn0O 486.9 WVV79, MoVa73 Ta 216 VHES?2
Sn0; 486.7 LAK 77, MoVa73, WRDM79, Ta 216 MSCT3
NGDS75, WVV19 Ta 219 WRDM79, WaTag0
(NHq)25nClg 486.7 GZF73 TaS 26.6 MSC73
BaSnCly 486.8 WVV79 TaS, 267 MSCT3
Ba(SnCl3); 486.8 WVv79 TaBrs 269 MSCT3
KSnF; 486.7 GZF73 TaCls 213 MSC73
KSnFg 487.6 MoVa73 TaFs 27.8 MSCT3
NaSnF; 4874 Wagn75 Tax0s 26.7 SaRa80, MSC 73,
NaSnQ;3 . 486.2 MoVaT3 NFS82, NGDS75
NapSn0Os 486.7 Wagn75 KTaO, 259 MSCT3
NapSn0s 4872 ADPST77 RITa0, 258 NFS82
PhySn 485.1 WYV79 K TaF; 294 MSCT73
PhySn 486.3 MoVa73
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ChTaCl(HO) - 41,0 258 BeWa79 Te MNN
Brg(TagCli2)(BusN)» 263 BeWa79 Te 4922 WRDM79
Clg(TagCliz)(EuN)2 202 BeWa79 TeBry 4873 BWI78
TeCly 486.1 BWI78
Ta MNN TeO, 487.1 BWI78
Ta 1674.8 WaTa80 TeOs 485.5 BWI78
Te(OH)s 485.1 BWI78
Th 4d (NHg TeCls 486.4 BWI7S
™ 1460 o NayTeOx 4855 Wagn7s
Ths0y 148.7 SaRaB0 ClyTePha 4863 BWI78
ThO, 1492 SaRa8( B TePhy 486.6 BWI78
L TePha 487.8 BWI78
Th 3d l;TeEt 487.6 BWI7S
Tb 1242.0 @ PhyTe, . 488.5 BWIT78
Tb0s 12415 SaRa80 BryTePh 486.8 BWI78
ThO, 1241.4 SaRa80 1iTePh 488.2 BWI78
LTeMe; 486.6 BWIT78
Te 3dsn p-toly TeOOH 486.6 BWI78
Te 573.1 P BI]TCB!I 486.5 BWI78
Te 573.0 NyMas80
Te ST3.0 SES77 Th 4f772
Te 573.0 PVVAT9, WRDM?79, Th 3332 ®
BWI77, Bahl75 Th 3332 WRDM79
Te 5127 SNRS76, SWHTI ThO, 3344 VLDHT?
CdTe 5723 SBBS0 ; ThE, 336.5 WRDM79
GeTe 5727 SES77
HgosCda:Te s1.3 SBBS0 Th 4dsn
Na;Te 5122 ' SWHTI Th 675.3 FBWF74
NbsTey 5726 Bahl75 ThO, 675.5 VLDHT7
NbTe, 5728 Bahl75
PbTe 5720 SFS77 Ti 2p
SnTe 572.3 SFS71 Ti 454.1 (]
UsTey 572.9 SNRST76 TiO, 458.8 (]
UTes 573.0 SNRST76 ) Ti 453.7 ALMPS2
InTe 572.9 SWHTI Ti 4539 LANMSI
Tel, 575.8 BWI77 Ti 4539 NSCP74, WRDMT9
TeBry 576.7 BWIT7 TiB; 454.4 MECCT3
TeCls 576.9 BWIT77 TiN 455.8 STAB76
TeO; 575.1 GBPS|, SEB80 TiClg 4585 MRVE3
TeOs 576.6 SWH71 Tio 455.1 SPB76a
Te(OH)s 5711 BWI77 TiO, 458.7 NSCP74, SPB76a,
(NH4): TeClg 576.9 BWI77 WRDM79, NGDS735
(NH4). TeOy 576.5 SWH7I Ti0; (anatase, rutile) 459.2 MWI75
KiTeOs 575.5 SWH7I BaTiOs (cubic, tetra.) 458.5 MWI75
Na;TeO: 576.8 Wagn73 CaTiOs 4589 MWI75
ChTePh: 576.2 BWIT77 PbTiO; 458.6 MWI75
Br;TePhy 576.2 BWI77 SITi0; 458.8 MWI73
1;TePh; 575.4 BWIT77 ClyTi(CsHs) 4571 GSMIT4
I TeEt, 575.3 BWIT? CITi(CsHs)2 455.8 GSMJ74
PhsTex 5739 BWI77 Ti(CsHs)CiHy) 4554 GSMJ74
BryTePh 576.6 BWIT?
ETePh 575.8 BWIT7 Ti LMM
I TeMe; 575.6 BWIT7 Ti 419.1 WRDM79
p-olylTeOOH 576.1 BWITT
BriTeBu 576.6 BWI177
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Ti 4F V2p
T 1177 ¢ v 5122 ¢
T 1178 MBN8S0, WRDM79 V305 5174 ()]
T 1185 MSCT3 v 5121 LANMSI
TiBr 1192 MSCT3 v 5123 WRDM79, NSCP74
TIC! 1190 MSCT3 v 5129 KKL83
TIF 1192 MSCT73 1 5134 SMKMT7
ThS 1187 MSC73 v 5124 RoRo76, LFS 73, FrSa75
T1sSs 1187 MSC73 VB; 5132 MECCT3
Th0y 1175 MSCT3 VN 5144 RoRo76, STAB76
CliTl(pyridine), 118.5 Walt77 V304 515.7 CGR78
ClgTly(PhPEL)s 117.9 Walt77 VO, 5163 KKL83
V305 517.6 INSLS77, NSCP74, WRDM79,
Tmdd , NGDS75, NFS82
Tm 1754 [0 Vocl, 5164 LFST73
VOSO, 5159 LFST3
U dfip CssVO4 5169 NFS82
U 1773 o Rb;VO, 5169 NFS82
U 3772 VRPC74, Chad73, WRDM79 Na;VO, 3173 NFS82
UsTes 3805 SNRS76 LisVO; 5175 NFS82
UTe; 1813 SNRS76 RhyVO 5169 NFS82
USe 3803 SNRS76 K4V(CN)g 5133 Vann76
USes 379.1 SNRST6 V(acac) 5142 LEFST3
us 1801 SNRS76 VO(acac), 515.1 LFST3
Us, 3794 SNRST76 CIV(CsHsh 5138 GSMI74
UBn 3784 TBVLS? V(CsHs) 5129 GSMI74, BCDHT3
UBx 3799 TBVLS? V(CsHs)(C:H7) 5133 GSMI74
ucl 3783 TBVLS2
UCL 3802 TBVLS2 VMM
UCls 3819 TBVLS2 Yy 4720 WRDM79
UF; 380.1 TBVLS2 VO 468.6 KKL$3
UF, 3822 TBVLS2 V205 468.0 KKL83
UF, 3827 Chad73
UFs 3826 TBVLS2 Wl
uo, 3800 VRPC74, Chad73, MSSS8] W 314 ()
U504 3810 Chad73, ChGr72 W 314 VHES2
U409 3799 HoTh79 W 314 WRDM?79, CoRa76, CGR 78,
U0, 3817 MSSS81, Chad73, ChGr72 BiPo73, NSLS77
UOBr 380.1 TBVLS2 : we 315 CoRaT76
UOBr; 3804 TBVLS2 wce 322 MSCT3
uocl 380.0 TBVLS2 WS 332 Wagn75
uoch 3803 TBVLS2 WBrs 363 MSCT3
UO;Br 380.5 TBVLS2 WhBrs 359 MSC73
UOBr 811 TBVLS2 WCls 169 MSCT3
UO,Cly 3816 TBVLS2 WOCl, 372 MSCT73
UOF, 3829 TBVLS2,Chad73 W0, 328 CGR78, CoRa76, NgHe76
U(S0g) 3816 Chad73 WisOss 343 BiPo73
UOy(NOs): - 6H,0 3820 Chad73 WO, 358 SaRa80, CoRa76, CGR 78,
Ulacac) 3797 Chad73 BiPo73, KMH 78
UOyAcO); - 2H:0 3810 Chad73 W0, 358 NFS82, NGDS75
CallO, 380.7 Chad?3 AL(WO4)s 36.1 BiPo73
Li:UOs . 3814 Chad?3 CaWO, 350 Nefe82, NFS 82
KaUFg 3824 PMDS77 HaWO;q 353 CGR78
Ha WO, 36.2 BiPoT73
K,WO, 36.0 NFS§2

A
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Li;WO.

NaaWOy

NagsWO;3

Nag W03

NiWO,

RhyWOs

(NH)s W02 - 4H20
KaWCls
CLW(ELP),
ChSnW(CO)(CsHs)
PhsPW(CO)s

Xe 3dsp
Xe in graphite
Xein Ag
Xein Au
Xein Cu
XeinFe
Xe in graphite
NasXeOg

Xe MNN
XeinFe
Xe in graphite
NasXeOg

242

36.0
36.3
35.8
35.6
354
356
36.3
349
34.6
324
316

669.7
669.6
668.9
669.6
6702
669.7
674.1

5448
5452
5414

1560
1558
1568

1824
1813
1827
1854

10218
10219
10218

1021.8
1021.6
10220

NFS 82, MSCT73
Wagn75
BiPoT3
BiPo73
NgHeT6
NFS82
BiPoT3
LeBr72
LeBr72
WWVVT77
HVVT9

CiHa74
CiHa74
CiHa74
Wagn75
WRDM79
Wagn77

Wagn75

Wagn77

)
NyMa80
WRDM?79, NGDS75

HHL70, KEML74
LPWF75
HHL70

)

LANMSI, LKMP73

GaWi77, KLMP74, MaDu77,
Scho73a, KPML73, KIHe83
WRDM?79, Wagn75, SMKM77
Van077

GaWiT?

Handbook of X-ray Photoelectron Spectroscopy

ZnyP>

ZnPy

ZnI;

ZﬂBl’z

ZnCh

InCh

Inky

ZnF,

n0

In0

Znfacach
(MesN)ZnBrq
ZnSO;4
ZnSi204(0H); - 2H,0
ZnCr04 '
ZnRhy0,

Zn LMM
Zn

Zn
CugZnyg
ZnS

Znh
ZnBr2
ZI‘IClz
Znk
ZnF
Zn0
Zn0
Zn0
Zn(acac)y
ZnSi:0:(0H); - 2H,0

Zrid
Yis
7t
Zr
Zr
0,
ZiFs
KyZrFe
KqZrFy
KZrFs - H:0
BrZr{OH);CH;CHNH,C
CLZr(OH),CH:CHNH,C

10206 NSDUT75

1020.9 NSDU75

10230 GaWi77, SATD73

1023.4 Wagn75, SATD73

10219 KIHe83

1023.1 SATD73

10222 GaWiT?

1022.8 Wagn75

1021.8 Scho73a, WRDMT79

1022.5 GaWi77

1021.4 Wagn75

10209 EMGK74

1023.1 Nefe82

1022.0 WPHKS2

1022.1 BDFP31

1021.7 NFS82

992.1 GaWi77, KLMP74, MaDuT7,

Scho73a, KPMLT3, KIHe83

992.1 WRDM?79, Wagn75

9927 VanQ77

989.7 GaWiT7

988.7 GaWiT?

987.3 Wagn75

989.4 KiHe83

986.2 GaWiT7

986.7 Wagn?5

9885 SchoT3a

987.7 GaWiT7

988.2 KiHe83

987.7 Wagn75

987.3 WPHK82

178.9 P

178.8 NyMag0

1783 NSCP74

178.9 WRDM79

1822 SaRa80, NGDS75, NSCP74

1853 NKBP73

184.2 NKBP73

183.7 NKBP73

184.7 NKBP73

1829 KNPP74

183.0 KNPP74
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ACHTT3
ADPST?
ALMP82
AMFL74
AWLS0
AT76
ALT?
AnSw74
Aoki76
Asam76
BACBT75
BALS76
BBFR77
BCDHT3
BCGH72
BCGHT3
BCH75
BCHM72
BCM78
BDFP8I
BGD75
BHHK70
BHUS1
BMCKT7
BNMNTY
BNSA70
BSRR81

BTE77
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Appendix D. Valence Band Spectra

In some cases, the chemical shifis observed in core level XPS are not sufficient to identify the surface chemistry of a particular sample. In the case of XPS analysis of polymers, the
changes in carbon chemistry may be quite subtle in core level XPS or the chemical shifts may be only a secondary or tertiary effect. With the routine use of monochromators in XP§
and the high counting rates made possible by current spectrometer technologies, many analysts use valence bands for identification of materials. In many cases, the valence bands
are used as fingerprints for a sample or a surface treatment, rather than for identifying specific molecular orbitals. The fingerprints of the valence bands may then be used to aid in
both the identification of polymers and the quantification of polymer mixtures by using methods such as linear least squares fitting. The following is a small compilation of valence
band spectra of organic and inovganic materials to ilustrate the utility of valence band data.

Poly(ethylene) Poly(methyl methacrylate)

35 -5 5

Binding Energy (eV) Binding Energy (eV)
Poly(ether ether ketone) 'I Poly(isobutyl methacrylate)
/

35 ' -5 35 35

Binding Energy (eV) Binding Energy (eV)
Poly(phenylene) sulfide Poly(n-butyl methacrylate)
-5 35 -5

Binding Energy (eV) Binding Energy (eV)
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Poly(propylene) Corona-treated
Poly(propylene)
35 -5 35 3
Binding Energy (eV) Binding Energy (¢V)
CaC0O3 ﬂ NaCi

. S A~

% -3 35 -5
Binding Energy (eV) Binding Energy (eV)
Fe203 (hematite) Fe304 (magnetite)
35 -5 35 -3
Binding Energy (eV) ) Binding Energy (eV)
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Appendix E. Atomic Sensitivity Factors for X-ray Sources at 90°

This table is based upon empirical peak area values* corrected for the system’s transmission function. The values are only valid for and
should only be applied when the electron energy analyzer used has the transmission characteristics of the spherical capacitor type
analyzer equipped with an Omni Focus Il lens supplied by Perkin-Elmer. The data are calculated for x-rays at 90" relative to the
analyzer.

Element Line  ASF Element Line  ASF Element Line  ASF Element Line ASF
Ag 34 5198 Fu ad 2210 Na Is - 1685 Si » 0283
Al % 0193 F Is 1000 Nbo 3 2517 Sm 3ds 2907
Ar % 101 Fe B 2686 Nd A 4697 Sn sy 4.095
As 4 057 Ga  2pn 3341 Ne Is 1340 St 1578
Au 4 5240 Gd 4 2207 Ni B 3653 Ta 4 2589
B s 0159 Ge  2pm 3100 0 s 071l Tb 4 2201
Ba 4 262 Hf 4 22 0s 4 3747 Te A 3266
Be s 0074 He 4 5797 | P % 0412 Te sy 4925
Bi A 763 Ho 44 2189 Pb A 6968 Th 4 7498
Br A 0895 1 s 5337 Pd W 4682 Ti p» 1798
C s 02% In Msp 3771 Pm 3 374 T 4 6447
Ca » 163 Ir i 4217 Pr 3 63% Tm 4 2172
Cd Wsp 3444 K » 1300 | P A 46M U 4 846
Ce A 739 Kr 34 1.0% Rb 3 1316 v p» 1912
al » 0770 La A 7708 Re i 3327 W 4 2959
Co » 3255 Li Is 0025 Rh A 41T Xe 3sp 5702
Cr % 220l Lu 44 2156 Ru 34 36% ¥ 3 1867
Cs s 6032 Mg 2 022 S » 0570 Yo o4 216
Cu 2 4% Mo 2p 2420 S Wsp 4473 Zn P 33%
Dy 4 2198 Mo  3d 2867 Sc %» 1678 It W 2216
Er 218 N Is 047 Se 072

*C.D Wagner, et al. Surf. Interface Anal. 3, 211 (1981).
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Appendix F. Atomic Sensitivity Factors for X-ray Sources at 54.7°

This table is based upon empirical peak area values* corrected for the system’s transmission Junction. The values are only valid for and
should only be applied when the electron energy analyzer used has the transmission characteristics of the spherical capacitor type

analyzer equipped with an Omni Focus 111 lens supplied by Perkin-Elmer. The data are calculated Jfor x-rays at 54.7° relative to the
analyzer.

Element Line ASF Element Line ASF Element Line ASF Element Line ASF
Ag 3 5987 Eu 4 2488 Na Is 1685 Si » 0339
Al » 023 F Is 1.000 Nb 3d 2921 Sm 3sp 3611
Ar LI5S Fe P 2957 Nd 3d 5671 Sn 3sp, 4725
As 3d 0677 Ga Qw3720 Ne Is 1340 Sr 3 1.843
Au 4 6250 Gd 4 2484 Ni P 404 Ta 4 3082
B Is 0159 Ge Qwn 3457 0 Is 0711 Tb 4 2477
Ba 3dsp 7469 Hf 4 2639 Os 4 4461 Te 3 3776
Be Is 0074 Hg 4 6915 P B 0486 Te 3dsp 5705
Bi 4 9140 Ho  4d 2469 Pb 4 8329 Th 4 9.089
Br 3d 1053 I 3sy 6.206 Pd 3 5356 Ti p 2001
C Is 0296 In 3dsp  4.359 Pm 3d 4597 Tl 4 7691
Ca p 18} I 4 5021 Pr 76 Tm 4 2454
Cd 3dsp 3974 K B 1466 Pt 4 5575 U 4fp 10315
Ce 30 8.808 Kr 3 1287 Rb 3d 1542 v p 2116
cl p 0891 La 3d 912 Re 4 3961 W 4 353
Co P 359 Li Is 0025 Rh 3 482 Xe 3sn 664
Cr B 2477 Lu 4 2441 Ru 3d 4273 ¥ 3d 2175
Cs s, 7.041 Mg % 0252 S B 0666 Yb 4 2451
Cu » 532 Mn P 2659 Sb 3sp 5176 Zn Y 3726
Dy 4 2474 Mo 3 332 Sc » 1875 7 3 2576
Er 4 2.463 N Is 0.477 Se 3d 0.853

*C.D Wagner, et al. Surf. Interface Anal. 3, 211 (1981).
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Appendix G. Line Positions” by Element for Al Ko X-rays

Atomic Number/Element Phatoelectron Lines Auger Lines
s 2 2p 2pw 3 dpm dpe Mw Ma 4 dpe dpw KLiLy KLiLay KLakay"
3 L 56 | e
4 Be | |12 1284
5 B 189 - 1310
6 C 285 1223
1N % 107
£ 0 $1 |23 1013 999 L]
9 F 68s | 30 878 8% 832
0 Ne | [863 |41 14 725 ] 669
i N | | 1072] 64 3l 561 52 493
2 Mg | 103 89 50 381 1) 301 |
LaMaMy”  Ladadi™  LaMasMis ('P) LaMaMas ('P) LoMaMss ('F) LaMasMs”  LaMgg
B Al . |n (1419 |
14 Si 151 100 [99 _ 1394
15 P 188 131 [130 [ 14 1367
16§ 208 165|164 | 18 133 :
1 cl oo (19| 17 b 1304
18 Ar 320 M4 (242 | . 121
9 K 380 207 [294 | 35 19 129
0 Ca 440 351 (347 | 45 2 1197
2 S 49 404 |39 | 51 29 1149 1118
n T S61 460 |45 | 9 B 1058 1068
BV 62 S® |SI2 )66 3 1048 104 o
N O 6% S8 [SH | 7S 8 997 959 917
5 Ma 7% 60 (63 | 83 48 98 900 852
% F 845 70 |70 | R 53 888 £ [784] -
27 Co 95 M3 (718|100 60 838 831 m m 713 698
% Ni 1009 870 |853 | 1l 67 s m m 06 641 624
% Cu 1097 953 [93 [ 13 7T 75 719 12 648 640 628 568 548
0 1195 1045 [1022] 140 91 B9 10 660 652 582 sn 559 495 an
i Ga 1301 144 [1107] 160 107 104 19 597 589 514 S04 487 419 0
32 Ge A28 1217] 181 126 12 300 2 M 525 444 4B 4R w30
1 As 1359 [ 1324) 205 146 141 43 @ kil 360 33% 262 2%
M S m e 18 57 [36 j MyMasNas 299 287 251 181 140
35 Br 2% 189 182 70 |69 15 5 1390 -
% K W 26 A 88 (81| 2 ]
3 Rb 1 249 240 13 |m| 3 16 1385
L 30 281 20 1% [14] 9 21 - MisNoV  MeNeNes
£ 94 311 29 I8 |156) 45 24 1356
0 = 40 38 30 18 (19| 51 2 1368 1337
a) Lines enclosed in boxes are the ones which are most useful for identifying chemical states,
b) Includes KVV designation when La3 is not a core level.
¢) Designation is oversimplified.
d) Includes LVV when M levels are not in core and MVV when N levels are not in core.
¢) No simple 4py2 line exists for this group of elements.
f) The 4d doublet for these elements is complex and is variable with chemical state because of multiplet splitting and multi-electron processes.
g) The 3s is of low intensity and is ofien in the shake-up structure of the 4f lines. These values are estimates of the energy.
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Aomic Number/Element Photoclectron Lines f Auger Lines
3 3pm 3 3w M 4 G dpo dw ddn de A S Spw Spn Sdu Sk 65 Gpin Gpuf MaNmV MsNaNe! MNaNe" MeNiV MVV My

41 Nb | 461 3% 361 205 22 | 56 3 1319

42 Mo|506 412 34 21 |28 |63 36 1299

4 T |54 a5 5 25 (298 |68 k]

4 Ru |58 484 462 2 [m0 |75 o 1256

45 Rh 629 521 497 3 |37 | 81 48 1234

a6 Pd| 671 560 533 340 [335 | 88 52 1211

41 Ap |79 604 573 a7 [368 | 98 60 1ol 113

A8 cd |77 652 618 412|405 ] 110 69 1l 110

49 In [828 700 665 452 [444 | 123 8 17 1084

S0 Sa [885 751 7S 493 |48s | 137 89 2 1058

S sh |94 B3 67 SW [5® | 1S3 9 n 1032

$2 Te | 1009 8TI BN S8 (SM | 170 m 4 44 12 1005

531 |1omo9w &5 61 [619| 187 1851 49 b} o2

S4 Xe | 1141 9% 93 6% |67 | 200 19 6 61 1 955

S Cs | 12191060 1002 740 (76 234 113 161 80 77 25 931

S6 Ba | 1292 1138 1064 79 781 | 254 193 179 93 %0 3 15 900

57 la 1208 1128 853 (836 | 275 213 197 106 103 3 17 86

58 Ce 1272 1184 902 884 | 290 223 207 112 109 36 18

59 Pr 109 1242 952 [932 | 305 24 218 s’ 3 18 797

60 Nd 1301 1003 981 | 320 5 228 3 19 758

61 Pm 1060 |io34| 337 284 242 38 i) T4

6 Sm 1108 |1081) 349 23 250 4 19 %)

6 Eo 155 126 36 2 255 3 19 637

64 Gd 128 86 378 W M ] 4 2 602

65 ™ 1276 1241 396 3 2% 8 45 pr) 559 4n 200 230
66 Dy 1333 1296 417 331 297 8 48 bi] 526 368

67 Ho 1303 1352 435 353 309 9 49 30 M 438 314 u7
68 Er 451 68 321 9 2 03 440 m % 56
6 Tm 470 384 33 8 5 N B 98

N Yo 48 19 341 35t %0 N

7N L s 43 360 206 1% 9 (7] W n NNeN:  NeNeNs

n N 5% &7 330 m 2 16 |4 |6 8 N 1317 1306

nBnn 563 463 401 2 2% H 2|6 43 0B 1316 1306

"W 504 491 42 2%6 243 W 3 |B &1 W 1320 130

75 Re 625 518 446 274 260 42 (40 | W 1322 1309

76 05 658 S8 471 23 29 sS4 (51| 8! ma 1326 1311

M I 692 518 495 312 297 64 |61 | 9 4g 1329 1314 :

8 R 725 69 5200 3R 35 W (71| 0P s 134 1317 N0 NNO  NoOusOss NsOssOus
7 Au 763 643 547 353 335 g8 (84| 1oOP 57 M : 1342 3% g\l 1416
0 He 805 682 S5 381 361 105 [101) 5P 85 & 12 10 133 6 2% K2 1406
i m 847 T0 610 406 385 m |us| P 5 W 15 B 1364 133 2 m ol 1399
2 m 893 762 644 43 412 2 [13| 1507 10 8 O 18 1369 1354 % 1391
83 Bi 940 ‘806 679 464 440 162 157 161 119 93 27 % 3 NOu¥  NgOsV 1387 1383
9% Th 1330 170 965 TI3 676 341 [333| W4 W4 M 93 & 42 25 17 | 1419 1239 1335 1404
(V] 1212 1043 90 (736 388 [377) 322 260 195 103 94 44 26 17 | w12 1204 1386
9 Np 1327 1086 816 771 414 402 206 101 218

9 Pu 1121 850 802 43 427 216 105 318

95 Am 83 812 483 449 351 26 119 109 KT

% Cm 919 865 41 4M m 3 218

9 Bk 958 901 SI4 498 246 120 MO8

9% Cf 9 933 M1 5B 14 I 19
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Appendix H. Line Positions” by Element for Mg Ko. X-rays

Atomic Number/Element Photoclectron Lines Auger Lines
5 % 2o Ym B 3pm Im 3w Ma & dpn dpw KLiLy KLiLzs KLl
3 b |[ss =%
4 Be | |2 1151
5 B 189 10m
6 C 285 990
7 N 398 874
80 E 780 766 745
9 F 685 |30 645 626 599
10 Ne | [863 |41 14 49 469 436
n N | |10m2f 64 3l ;M - W 260
R Mg | 1303 8 50 148 114 68 |
LabnMz”  LaMaMy®  LaMsMis (') LoMaMas (') DMaMs('P) LoMaMs® LM
B Al s |n 1186
14 S 151 100 |99 161
15 P 188 131 [130 | 4 1134
16§ 228 165|164 | 18 1103 '
na 2w 1| n 6 1071
18 Ar 320 44 |2 | o 1039
v K 80 297 (294 | 35 19 1005
N C 440 351|347 | 45 % 964
2 S 499 40t |39 | si -] 1916 | 895
nTn S61 460|454 | 59 B 865 %
n v 621 s 512 |66 3 815 781
U O 6% 58 |57 | 75 3] 764 7%
25 Mn 79 650 |639 | 83 a8 gl 667
% fe 45 120 |07 | 92 53 655 606 :
27 Co 925 793 |778 | 101 0 605 598 L 53 465
% N 1009 870 |853 | 1l 67 545 539 an 4m 391
» Qu 97 98 |9B |13 71 75 486 4 415 407 395 35
0 In 195 1045|102 140 91 B 10 : o 419 349 340 6 29
3 G 144 T 10 107 104 [19) 364 3% 231 7 254 159
2 G IM8 1217 181 126 12 0 [F ] 301 292 211 20 19 n
B As 05 M6 M 83 |0
oS W69 163 57 56 MMy
3 Br 25 189 182 70 |69 | 1S 5 1157
% K %7 206 208 88 |87 ] 21 8
3 Rb 249 240 13 || 3 16 152
¥ 8 0 281 70 136 |1M4] 39 21 MaNnV  MasNaNas
My 4 31 X9 158 |156] 45 24 s
0 2 M 3 s |19 51 1] 1160 1104
a) Lines enclosed in boxes are the ones which are most useful for identifying chemical states.
b) Includes KVV designation when La3 is not a core level.
¢) Designation is oversimplified.
d) Includes LVV when M levels are not in core and MVY when N levels are not in core.
¢) No simple 4pip2 line exists for this group of elements.
) The 4d doublet for these elements is complex and is variable with chemical state because of multiplet sphitting and multi-electron processes.
g) The 5s is of low intensity and is often in the shake-up structure of the 4f lines. These values are estimates of the energy.
Perkin-Elmer Corporation

256 Physical Electronics Division



Atomic Number/Element Photoelectron Lines . Auger Lines
B3 dpwe ddw Mo 45 dpn dpw ddw ddw Al dfn S5 Spin Spe Sdw Sdw 65 Gpi 6pn| MaNaV MoNaNe" MNaN? MgV MYV Movy
41 Nb | 467 376 361 0 205 [2007] 6 31 1086 1054
42 Mo|s06 412 '%94 231|208 |63 36 1066 1031
43 Te |544 445 425 257 253 | 68 39 : 1047 1008
a4 Ru 586 484 462 284 [280 | 75 439 1023 979
45 Rh | 629 521 497 312 |307 | 81 48 1001 952
46 Pd | 671 S60 533 340 (335 | 88 52 978 926
47 Ag | 719 604 573 374|368 | 98 60 i 958 902 896
48 Cd | 772 652 618 412 405 | 110 69 87 870
49 In | /828 703 665 452 |4dd | 123 78 851 843
SO Sn | 885 757 7S 493 |485 | 137 89 825 816
SISh|%44 813 7 537 528 | 1S3 99 799 789
52 Te | 1009 871 820 583 |5 | 170 1 12 m 762
5301|1071 930 815 630 |619 | 187 123 18 749 8
56 Xe | 114199 934 683 [670 | 207 139 1 i) 709
S5 Cs | 1219 1069 1002 740 726 | 234 113 161 25 698 685
56 Ba 138 1064 796 (781 | 254 193 179 3l 15 667 653
57 La 1208 1128 853 [836 | 275 213 197 k] 17 . 6 621
S8 Ce 184 902 (884 | 200 23 207 36 18 1 —
59 pr 1242 952 (932 305 24 218 38 18 564
60 Nd | 1003|981 | 320 245 228 39 19 : : 525
6l Pm 1060 (1034] 337 264 242 38 n 481
62 Sm 1108 [1081] 340 283 250 41 19 449
63 Eu 1155 1126 363 289 255 39 19 404
64 Gd 1218 1186 378 W1 272 8 £ 2l 369
65 T A 1241 396 32 285 8 a5 n ' g 170
6 Dy 417 33 297 8 48 n
61 Ho 435 353 309, 9 4930 M
68 Er 451 8 321 9 Ly 3 A
6 Tm 470 3% 333 8 1R 8
0 Yo 482 39 3 3 st 30 M
U DT 509 41300360 206 196 9 [ st o : NNz NaNeNs
72 M G L3k oy 380 om 2Ll 6 14 | 6338 a0 1084 1073
B U563 463 4D1 238 060 M |22 |69 43 _ 1085 10m
"W 504 491 424 2% 243 B (3|5 47 3 1087 1075
75 Re 625 518 446 21 260 42 |40 | 99 1089 1076
% 0s 658 S48 471 293 219 54 |51 | g9 44 1093 1078
6 P e D60 S8 405 Al 207 e el | o e 1096 1081 e : .
8B S 6007500 2330 315 e | loa s S| 0L 1084 NSMO NN NiOiOs  NiOwOss
9 A A e s Tes e 1947 a5 A0S e B bR s SO e S R 00 09 1014 998 SR
80 Hg 805 682 579 381 361 107 [103| 15 85 61 12 10 119 1103 0 997 1179 1m
8Tl 847 720 610 406 385 12 [us| 13 95 M 15 13 1131 e 08 98 1168 1166
82 Pb 893 762 644 43 412 M2 (137|150 107 &4 n 18 1136 1121 1161 1158
8 Bi | | 940 806679 464 440 162 |ISTTAGIY 19 193 27 a4 T NGOGV NpOsY : s 1150¢
Q0T A B ST 965 STIBL 676 M2 9331 1904 234 hir 93 igs g as dn [ anigs 1006 i BRI
Ll (] R DO 10439790 736 0 388|370 | 322 260 195 103 9444267 [TImor 9 ] 1153
B Np 108 816 771 414 402 206 101 2 I8
o Py 120 850 802 439 427 216 105 318
95 Am ; o _ 883 832 463 449 35 26 19 109 I 18
0B St 0 T R e, (e TR 007 TR6S: BT A Ta L R R T R g S g
97 Bk | SR 958 901 sl4 498 L6 120 g
98 Cf 9% 933 S4l 5 12403519
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Appendix J. Line Positions in Numerical Order

For photoelectron lines, the spin orbit splitting is indicated in parentheses. Auger lines are in italics, and the photon source for the
Auger excitation is indicated in parentheses.

7 Ludly, (2 89 Mg s 175 Tm 4d 299 Yy - (12)
14 Hf4f, (2 9 Baddy, (3) 179 Zrdd,  (2) 301 Mg (Al)
B 02 98 Er (Al) 181 Se (Al) 307 Rh3ds,  (5)
2 Tadf ?) 9 SiZpy, (1) 182 Yb4d | 309 Hodpy, (44)
25 Sn4d 101 Hg4f,  (4) Bripy  (7) 315 Ptady,  (17)
29 Gedds, (1) 103 Ladds,  (3) 186 Ga (Mg) 320 Ar2s
30 F2s 104 Gadpy (3) 188 P2s . 321 Erdpn  (47)
31 Wi, () 109 Cedds, (3) 189 B Is 330 Zrdpn  (14)
37 V3p Ge (Mg) 196 Luddg, (10) 333 Thaf,  (9)
40 Redf, (2 112 Rb3dg, (1) 19 Cl2py, (2 Tmdpy, (1)
4 Nes Be Is 22 Nb3dy, (3) 35 Pd3dy, (5
2 Asddg () 115 Prdd 208 Krdpy, (8) Auddg,, (18)
8 Crip 117 Ho (Al) 211 Hfddgy, (1) Cu (Mg)
48 Mn3p ' 18 Tl4f,  (4) 26 Tadds, (12) 341 Ybdpy, (48)
49 14dg, (2) Al 28 S2s 342 Ge (Al)
50 Mg2p - 121 Nd4d Moldd,, (3) M7 Ca2pn (B)
51 Osdf,  (3) 122 Gedpy  (4) 240 Rb3py, (9) 360 Ludpy, (53)
53 Fedp 128 Eu4d 22 Ardpy, () 361 Hgdds, (20)
56 Lils 129 Sm4d 243 Wid, (13) Nb3py,  (15)
Sedd, (1) 131 P2y (1) 260 Redds, (14) 368 Ag3dy,  (6)
60 Co3p 134 Sr 3ds, 2) Na (Mg) 369 Gd (Mg)
61 Irdf,  (3) 137 Podfy, (5 Th (Al) 37 Udf,  (11)
Xedds, (2 140 Gd4d 262 Zn (Mg) 380 K 2
64 Na2s 141 Asdpyn (5 As (Al) 385 Tlddy,  (21)
67 Nidp 146 Thb4d 270 Sr3py, (1) 3% Modp, (17)
69 Brid, (1) 151 Si2s 271 Cl2s 398 N ls
71 Pdf,  (3) 152 Dy 4d 219 Osdds, (14) 39 Sc2pn (9)
3 Al2p 156 Y3d, (2) 280 Ruldy, (4) 404 Eu (Mg)
75 Culdpe (2 157 Bidfh, (5 285 Thdpy, (37) 405 Cd3ds, ()
77 Cs4d,  (3) 160 Ho 4d Cls 408 Ni (Mg)
84 Audf, (4) 163 Sedpy  (6) 294 K2p,  (3) 412 Phdd,, (22
§7 Krddg (1) 164 S22 (1) 297 Dydp, (40) 419 Ga (Al)
8 Zndpn () 167 Erdd Irdd,,  (15) 436 Ne (Mg) 1
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Handbook of X-ray Photoelectron Spectroscopy Appendix J. Line Positions in Numerical Order

40 Ca2s 669 Ne (Al) 874 N (Mg) 1103 Cd (Al)
449 Sm (Mg) 670 Xe3ds, (13) 884 Ce3ds, (18) 1107 N (Al)
441 Bidd, (9) 676 Thdds,, (37) 886 Ba (Al) 1117 Ga2p,  (27)
444 1In 3ds, (8) 682 Sm (Al) - 896 Ag (Mg) 1126 Eu3dy,  (30)
454 Ti2py, (6) 685 Fls 90 Mn (Al) 1129 Ag (Al)
462 Ruldpy, (22) Cs (Mg) 916 Sc (Mg) 1149 Sc (Al)
480 Co (Mg) 696 Cr2s 918 Cs (Al) 1154 Bi (Mg)
485 Sn3ds,  (8) 707 Fe2py, (13) 926 Pd (Mg) 1159 Pd (Al)
493 Na (Al) 709 Xe (Mg) 932 Pr3ds,  (20) 1161 Pb (Mg)
495 Zn (Al) 713 Co (Al) 933 Culpy, (20 1168 TI (Mg)
497 Rh3py,  (24) 715 Sndpy,  (42) 942 Xe (Al) - 1179 Hg (Mg)
499 Sc 2s 726 Cs3ds,  (14) 952 Rh (Mg) 1183 Au (Mg)
512 V2py, (8) Cr (Mg) 959 Cr (Al) 1185 Rh (Al)
525 Nd (Mg) 736 U 4ds, (42) 94 Ca (Mg) 1186 Gd 3ds,  (32)
526 Dy (Al) 738 1 (Mg) 971 U (Mg) 1197 Ca (Al)
528 Sb3ds,  (9) 745 0 (Mg) I (Al) 1204 U (Al)
531 Ols 758 Nd (Al) 978 0 (Al) 1212 Ru (Al)
533 Pd3p,  (27) 767 Sb3py,  (46) 979 Ru (Mg) 1217 Ge 2ps»,  (31)
551 Fe (Mg) 172 Te (Mg) 981 Nd3d,; (21) 1223 C (Al)
561 Tils 718 . Co2pwy (15) 990 C (Mg) 1239 Th (Al)
564 Pr (Mg) 781 Ba3dy, (15) 1005 Te (Al) K (Al)
568 Cu (Al) % (Mg) 1006 K (Mg) 1241 Tb3ds,  (35)
573 Ag3dps,  (31) 784 Fe (Al) Th (Mg) 1272 Ar (Al)
Te3ds,  (10) 797 Pr (Al) 1014 v (Al) 1296 Dy 3d;,  (37)
574 Cr2py, ) 799 Sb (Mg) 1022 Zn2py,  (23) 1299 Mo - (Al)
599 F (Mg) 816 Sn (Mg) 1032 Sb - (Al) 1303 Mg 1s
600 Ce (Mg) 820 Te3dpyn,  (51) 1039 Ar (Mg) 1304 Ci (Al)
602 Gd (Al) 832 F (Al) 1049 Sn (Al) 1310 B (Al)
619 Cd3py, (34) 833 Ce (Al) 1068 Ti (Al) 1319 Nb (Al)
I 3ds, (12) 835 T (Mg) 1071 CI (Mg) 1324 As2p;,  (35)
634 La (Mg) 836 La3ddy, (17) 1072 Na Is 1336 § (Al)
637 Eu (Al) 843 In (Mg) 1076 In (Al) 1387 Bi (Al)
639 Mn2ps,, (1) 853 Ni2py, (18) 1077 B (Mg) 1394 Pb (Al)
641 Ni (Al) 863 Nels 1081 Sm3dy, (27) 1401 T1 (Al)
653 Ba (Mg) 867 La (Al) 1086 Nb (Mg) 1412 Hg (Al)
665 In3p,  (38) 870 Cd (Mg) 1103 § (Mg) 1416 Au (Al)
667 Mn (Mg)
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Appendix K. Periodic Table

Atomic number

Element symbol

Most intense photoelectron transition
Most intense Auger transition

9 1.0

1s 685

KLL 647

Binding energy, most intense photoelectron transition
Kinetic energy, most intense Auger transition

PHI sensitivity factor® for designated photoelectron transition

He

3 oos|4 oo 5 0150|6 0206|7 o0477|8 o0711|9 10[10 1340
Li | Be B|IC|[N|[O]|F/|Ne
s Blts 112 1s  B7(ts  25|1s  42|ls  S[1s  ®5|is  BR
KL 43lml 168 KL w7kt 2|kl oML sonfKLL  eSSKLL 818
11 1885{12 0252 13 0.133| 14 0283{ 15 0412 | 16 a570| 17 0770 |18 1011
Na | Mg Al | Si|P|S|Cl|Ar
s welp 2 o W2 @ip iy wp wlp 2w
KL ®4lkL 18 LMM B |LMM oafimm 120 fumm 15t owm 1s3 |uam 218
19 130|120 1,634 |21 1678 (22 1.708 | 23 1012 |24 2201 |25 242|26 2.686 | 27 3.255| 28 3.653 |29 4.798 [ 30 3354 |31 3.341 |32 310033 0.570 | 34 0.722| 35 0.895 |36 1.096
K|Ca|Sc|Ti|V |Cr{Mn|Fe|[Co|Ni|[Cu|[Zn Ga|Ge|As|Se| Br| Kr
» Mln Mz My sm 2p w|p ew|zp W|p M Bp  Wipw 02|pw 17|z o7l e2lu sl Bl ow
b sl 2ol melum sslom o3l oafume sobuv sl e sslom oo lume  swfuwm s |tum nes o s o s iww @7
37 1315/38 1578| 39 1867 |40 2216 | 41 2517 {42 2857 | 43 3266 |44 3596 |45 4.179| 46 4643 |47 5.198 | 48 3444 |49 3777 | 50 4005|551 4.473 |52 492553 53957 |54 5702
Rb | Sr Zr INb Mo | Tc|Ru|Rh|Pd|Ag|Cd|In|Sn|Sb|Te| | |Xe
s fi|ad 1[ad  melad 19| 22lsd  melw  2s3(3d 2003 07| 5[ 36[3dw 405[cke 44 [3dse 465(3dwe 508 |%ee 573 |3 619 [3dse 670
MMN 102 MMV 131 |MNV 150 | MMV 168 {MNV 188 246 |MNN_ 275 [MNN 202 |MNN 308 |MNN 358 [MNN 384 [MNN 4t [MNN 438 [MNN 465 |MNN 4o [MIN 516 [MNN 545
55 6.032| 56 6.361| 57 7708 |72 2.221 | 73 2589 | 74 2.950| 75 3327|76 3747 |77 4217| 78 4674 |79 5240 | 80 5797 |81 6.447 | 82 6965 | 83 7.632| 84 85 86
Cs|Ba|lLa|Hf [Ta| W |Re|Os| Ir|Pt|Au|Hg| Tl |Pb| Bi | Po| At | Rn
Mz TH|ake TRifad @sla wl|e  2le  ulae  wle sje¢ ela mle wla wle mle wla
M seolunn o0 i 63 lwn e |me ei [ne teofmeer  17elmew o |mwn sssimemc molmn weslnoo  si|Noo es|woo  os|NOD 14
87 88 89
Fr | Ra | Ac
58 7.399| 59 6356 | 60 4.607 |61 3754 |62 2907 | 63 2210 | 64 2207 | 65 2.201 | 66 2.198| 67 2.189 | 68 2.184| 69 2.172| 70 2.169| 71 2.156
Ce|Pr|Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho|Er | Tm|Yb| Lu
3 |3 9|ad ®1|xd 10343k 1081[kd 128led Mol 146|6  152ldd wle e il wm|la 7
MNN 65| NN 590 | M 720 NN 773 | neen 805 [meNn sso | we ses |wnw qome (w119 [Mwy 13 lew e
90 7.4%|91 92 847593 94 95 9% 97 98 99 100 101 102|103
Th|{Pa| U |[Np|Pu|Am|Cm|Bk | Cf|Es|Fm|Md|No| Lr
2 W dhe X0
NOV 68 NV TS

*The values are for area measurements of the designated transitions and are only valid when the electron energy analyzer used has the transmission

characteristics of the spherical capacitor type analyzer equipped with an Omni Focus 111 lens supplied by Perkin-Elmer and with x-rays at 90° relative to the
analyzer. Where a spin-orbit splitting is not designated the value is for 2 measurement including both spin-orbit components.
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