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ABSTRACT

This guide briefly summarizes issues and considerations important for the use of x-ray photoelectron spectroscopy (XPS) for characterizing
nanoparticles, which are important in many areas of science and technology. Because the surfaces play a major role in determining
nanoparticle behaviors, XPS is an increasingly useful tool for understanding their properties, including addressing variations and
nonreproducibility issues associated with these materials. The unusual physical and chemical behaviors of these particles must be considered
in preparing and characterizing these materials. This guide is one of a series intended to highlight the best practices in the use of XPS.

Published under license by AVS. https://doi.org/10.1116/1.5141419

I. INTRODUCTION

Nano-objects, with size between 1 and 100 nm in at least one
dimension,1 are important in many areas of scientific research and
technology, development, and application.2,3 In a review of charac-
terization of these materials, Linkov et al.4 comment that “The
study of nanostructures and nanomaterials requires special proto-
cols that take into account the physical phenomena that only occur
in nanosized systems.” This guide focuses on the issues that need
to be considered when applying x-ray photoelectron spectroscopy
(XPS) to obtain important surface and other information about
these materials and is one of a series of XPS guides intended to
assist users by providing information about good practices in the
use of XPS.5

Although this guide focuses primarily on nanoparticles (NPs),
much of the material applies broadly to other types of nano-objects
and other types of nanomaterials.1 In addition, the importance of
XPS analysis of particles extends to sizes larger than 100 nm and
many of the topics discussed in this guide will apply to larger parti-
cles. The US Food and Drug Administration considers that parti-
cles may dimensionally determine properties (a nanoparticle type
behavior) for sizes up to at least up to 1000 nm.6

As NPs have a very high surface-to-volume ratio, their surface
properties strongly influence and in many cases control their behav-
iors.7,8 As the field develops, NPs are designed with increasingly
complex structures, involving multiple layers and designed functional-
ization for a variety of applications. However, researchers doing

surface science know that surface chemistry and composition can be
very difficult to control and NPs have a further complication of often
changing in response to their history, processing and storage, age, and
environmental conditions (chameleon effect).9,10 As a result of these
and other issues, characterization of NPs and other nano-objects is
increasingly recognized as having a variety of challenges.11–15

XPS is an important tool for understanding the nature of NP
surfaces as well as the structure and thickness of coatings on NPs.
It can be used in different ways to extract important information
including the composition of the NPs, presence of contamination,
the consistency of functionalization, the quantity of adsorbates on
surfaces, and the thicknesses of layers and coatings.2,16–19 The level
and approach to XPS data collection and analysis depend on the
specific question being asked of the measurement. As noted by
Shard,20 two of “the major problems in XPS analysis of nanoparti-
cles are the preparation of samples for analysis and the interpreta-
tion of data.”

The objective of this introductory guide is to identify issues or
topics to be considered for XPS analysis of nanoparticles. It is not
intended to provide all the relevant details but point to literature or
other references that can provide needed information. Topics briefly
discussed include (a) XPS measurement objectives, (b) awareness of
potential sample alterations including effects of handling and probe
damage (c) timing—when to make the measurement and informa-
tion to retain and report, (d) sample preparation, and (e) analysis
approaches.
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II. MEASUREMENT OBJECTIVES/DESIRED
INFORMATION

The approach needed for XPS analysis of nano-objects
depends on the needed or desired information. Possible analysis
objectives, with increasing levels of analysis complexity, include:

(i) Qualitative information—What are the particles made of and
what is on their surface? Is there unexpected contamination?
Do elements on the surface have the expected chemical state?
These questions are qualitative and sometimes depend only
on the presence or absence of detectable visible signals. As
one example, breakdown products of polytetrafluoroethylene
(PTFE) were identified on the surface of Cu-oxide nanoparti-
cles as a consequence of the nature of the synthesis process.2

It is useful to remember that the XPS information depth is
dependent on the energy of the photoelectron and material,
but nominally considered to be about 10 nm. For particles of
this size and being smaller, XPS is sensitive to the surface
and bulk composition of the particles and will generally
sense the particle surface, the presence of coatings, and
usually some portion of the particle core.

(ii) Comparative quantitative information–How much contamina-
tion is present? Are the particles made or examined today the
same as those examined yesterday, last week, last month? Is the
surface functionalization of particles consistent from batch to
batch? In many cases, these questions can often be answered
by “standard” approaches to XPS quantification. The inability
to establish consistent functionalization of particle surface is
an example of this type of use and analysis.17,21

(iii) Quantitative chemical and physical structural information—
What is the thickness of the surface layer on the particles?
Does the particle have a multiple layered structure? What is
the thickness of a contamination layer? Greater detail about
the nature of nanoparticles can be extracted by using a
variety of data analysis and modeling approaches.
Quantification of the thickness of single or multiple surface
coatings using detailed modeling approaches is an example
of this type of application.18,22

The questions to be answered and the source or nature of the parti-
cles influence the approaches needed for sample preparation and the
type and extent of data to be collected. Dry particles for which the
analysis objective is to determine what is present on the sample may
not require sample cleaning and much of the analysis might be
extracted from survey spectra. In contrast, particles suspended in a
complex solution for which the structure and thickness of surface
coatings are the analysis objective would require removing the sample
from solution, efforts to remove extraneous surface residue from the
solution preserving the particle surface composition and chemistry as
far as possible, and efforts to make sure that all important elements
expected in the coatings are included in a detailed analysis.

III. SAMPLE CHANGES AND ALTERATIONS

It is very common for nanoparticles to have differences in com-
position, size, and surface chemistry from what was intended or
expected.10,23 Among the reasons for this are small or uncontrolled

changes in the synthesis process,24 the importance and challenge of
obtaining consistent surface chemistry,7,9,21 and the ease of nano-
objects to change in response to environmental conditions, handling
or when subjected to experimental probes.14,25,26 Although not all
particles or objects change due to aging, handling, storage, or mea-
surement conditions, it is useful to establish or verify the relative
stability of any set of nano-objects being examined in relation to the
history, handling, and desired use of the particles.

IV. TIMING AND PROVENANCE INFORMATION—WHEN
TO MAKE A MEASUREMENT AND INFORMATION TO
RECORD

Because characteristics of nanoparticles are often influenced by
details of the synthesis route, sample storage, sample handling and
processing, and the nature of any dispersion media,10 the timing of
measurements is relevant to the questions to be addressed by XPS.
Typical questions and timings include (a) immediately after synthesis
to verify the nature or consistency of the synthesis process; (b) after
sample processing to verify impacts of the processing including: con-
tamination/cleanliness, consistency or nature of surface functionali-
zation; c) before any use or application to verify particle status.

Due to the potential impact of sample synthesis/storage/
processing/handling history on the nature of nanoparticles and their
surfaces, it is important to retain information about particle history,
the timing of characterizations, and characterization details and
results. This history is sometimes called provenance information and is
an important component of authenticating the nature of a collection
of nanoparticles or other nano-objects.27,28 As part of the information
record and to help with reproducibility questions, it is also important
to record details of XPS measurements including the instrumentation
used as well as data collection and analysis parameters (pass energy,
sensitivity factors, transmission function information).

V. SAMPLE PREPARATION

The overall objective of sample preparation, as suggested in
Fig. 1, is to get the initial sample, however received, into the form

FIG. 1. The objective of sample preparation is to get the as received samples
into the form needed for analysis while minimizing sample changes that would
hide the desired information. Adapted with permission from D. R. Baer and
V. Shutthanandan, Comprehensive Biomaterials II. Copyright 2017 by Elsevier.1
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needed for analysis without destroying or changing the information
that is desired from the measurement. In some circumstances, it is
necessary to handle samples in controlled environments to stop or
minimize sample changes that may occur due to environmental
exposure.

An important issue in preparing solution-dispersed particles for
analysis arises because most particles in solution are surrounded by a
complex mixture of solution species, including ions and organic
molecules. The challenge is to remove particles from the surrounding
solution while minimizing contamination from the solution and
retaining any coating attached to the particles. A variety of processes
have been successfully used with differing degrees of effectiveness.
Many of these have been summarized as part of ISO standard
20519-4.27,29 A book chapter on the preparation of nanoparticles for
surface analysis includes summaries of several examples protocols
for preparing NPs by other relevant sample preparation processes.30

As shown in Fig. 1, particles may be received in solution or as
a powder. Depending on the analysis need, they may need to be
cleaned/washed, suspended in solution, or deposited on a substrate.
Fortunately, for many types of XPS analysis, a random pile of parti-
cles, as shown in Fig. 1(b), is satisfactory for detailed XPS charac-
terization using what is called the single-sphere-model.31 For
analysis objective (i), (ii), and some approaches to (iii), it is usually
important for the collection of particles to fully cover the substrate
so that only signals from the NPs are detected. Limitations to the
single-sphere-model and an example of a need for sample prepara-
tion type [Fig. 1(a)] are discussed in Sec. VI. Often it is desirable to
run multiple types of analysis on a batch of NPs and identical or
similar processing may be needed for multiple types of sample
geometries as suggested in Fig. 1.

A. Washing and separation from solution

Washing and separation of NPs from solutions are frequently
accomplished by (i) dialysis, (ii) centrifugation, (iii) diafiltration or a
combination of them as schematically shown in Fig. 2. A “flash dry”
filtering and washing process has been successfully used for particles
to be extracted from a reactive environment. The specific process to

be used depends on the experience and capabilities of the relevant
laboratories and the nature of the samples. Centrifugation, for
example, of low density or 5–10 nm particles can be time consuming
and inefficient. The longer times required for dialysis may be incom-
patible with unstable particles or unstable coatings on particles.

Dialysis and diafiltration are sometimes used in parts of nano-
particle synthesis protocols. Techane et al. used dialysis for remov-
ing excess thiol and ions from AuNPs in solutions that had been
coated with a self-assembled monolayer (SAM),32,33 finding that
the particles were more effectively purified by dialysis than the
more common centrifugation method, described below.

The centrifugation method involves concentrating particles in
part of the solution, poring off the supernatant that does not contain
the particles, and resuspending the particles in clean solution. This
may be done multiple times to accomplish the desired cleaning by
removal of soluble impurities.34 Diafiltration is a continuous flow
filtration system that Sweeney et al.35 found to be faster and to
produce nanoparticles of higher purity than often possible by dialysis
or a combination of solvent washes and centrifugation.

It is natural and appropriate to ask how much cleaning is
needed and which process is the most effective. La Spina et al.36

directly addressed both of these questions for citrate stabilized
AuNPs. They found both centrifugation and dialysis to be effective
in cleaning particles, with two centrifugation cycles equivalent to
12 four-hour dialysis cycles. In their studies, the particles prepared
with centrifugation were more effectively functionalized with
1H,1H,2H,2H-perfluorodecanethiol hydrophobic thiols than either
unwashed or those processed by three dialysis cycles. It is also rele-
vant to know that several researchers have found that after three
centrifugation/wash cycles, particles aggregate more easily and may
not be readily dispersed.36,37 We have found it informative to
examine particles at various stages of whatever cleaning process is
used to understand the extent of cleaning that is useful or effective.

The flash drying filtering process described by Nurmi et al.38

was designed to examine particles that are reactive in solution and
to stop such processes for analysis. In the flash-drying method, par-
ticles were removed from the solution in a controlled atmosphere
glove box using a standard vacuum filtration apparatus. After the

FIG. 2. Methods used to separate and clean nanoparti-
cles supplied in a solution include (a) dialysis, (b) concen-
tration by centrifugation, (c) diafiltration, and (d) filtering/
flash drying. Reprinted with permission from D. R. Baer
and V. Shutthanandan, Comprehensive Biomaterials II.
Copyright 2017 by Elsevier.1
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particles were poured into the filter to remove the original solvent,
they were rinsed with a hygroscopic solvent such as acetone. We
have also found that filtering can be used to isolate particles that
are changing chemical state as a function of time.26

Some carbon residue usually remains on NP surfaces after the
cleaning processes. With care, the amount of this contamination
can be minimized, and it is useful to monitor and compare the
extent of contamination to see if processes remain effective or can
be improved. In the studies by Wang et al.37 on Ag NPs, the con-
tamination layers had an effective thickness of 0.05 nm or less.

B. Deposition approaches

Many types of surface and other analysis methods require NPs
to be supported on a substrate. Issues associated with particle depo-
sition include the nature of the substrate in the context of the anal-
ysis questions, the analysis requirements, and the deposition
process to be used.

1. Substrates

The specific substrate to be used depends on the nature of the
sample and the analysis questions. A variety of substrates have been
used for XPS analysis. Often the substrate is selected based on the
experience and expertise of the analyst involved. Clean versions of
gold, carbon, silicon, indium, polycarbonate filters, and PTFE are
among substrates in common use. Issues of importance are the
cleanliness of the substrate and potential for XPS peaks from the
substrate to interfere with those from the sample.

Silicon wafers are often used because they are durable, easily
cleaned, and usually quite flat. If there are sufficient particles to
totally cover the substrate, cleanliness may not be critical, but there
are established methods for thorough cleaning of silicon wafers.39

One potential issue for a cleaned silicon wafer is the creation of a
hydrophilic surface that may complicate getting good surface cover-
age, leading to the formation of what are often called coffee rings
when depositing solutions on the surface by drop coating.

PTFE can be a good substrate choice because it exhibits low
hydrocarbon contamination with a carbon peak from CF2 signifi-
cantly far from the C 1s peaks present in many NPs.19 The non-
conducting nature of PTFE is one disadvantage.

2. Solution deposition

Common methods for depositing NPs from solution on the
selected substrate include drop coating, spin coating and sample
dipping, with drop coating of particle suspension being the most
common.34,40

Drop coating is achieved by placing small drops of liquid con-
taining the NPs on the substrate and letting the solution dry.
Multiple deposits can be used to produce a layer that fully covers
the substrate for XPS analysis without signal interference from the
substrate. Sometimes small clean O-rings are used to surround and
contain the drop-casting deposits.41 Belsey et al.41 conducted an
interlaboratory comparison study involving measurement of
peptide coatings on Au NPs and found that the sample deposition
and preparation processes were a challenge to many research
teams. This highlights the need for care and consistency during

this process and the need to verify that the processes used are pro-
ducing useful deposits. In their work,42 a vacuum desiccator was
used to speed the drying process. Vacuum assisted drying also
helps minimize carbonaceous contamination by speeding the
drying process and minimizing the amount of impurities taken up
by the liquid that end up on the particle surfaces.

Spin coating has been used successfully to produce useful coat-
ings when there is difficulty with the drop-casting process.42,43 One
advantage of spin coating is the ability to control film thickness,
but the process requires a significant amount of the sample, and
experimentation is required to establish the spin-speed curves to
achieve the desired deposits.

Solution dipping and drying can be used to deposit low densi-
ties of particles on a substrate and thus less useful for many XPS
measurements with low lateral resolution. However, it can be used
for measurements of individual NPs, such as possible by photo-
emission electron microscopy, some high resolution synchrotron
based photoemission measurements, and those performed by trans-
mission electron microscopy (TEM), scanning electron microscopy
studies, and in some circumstances time-of-flight secondary ion
mass spectrometry.44

3. Dry particle deposition

The methods most often used for deposition of dry NPs are
those historically used for powder analysis.45–47 The approaches
often involve (a) the use of double-sticky tape, (b) placing particle
in some type of holder or containment device, or (c) compressing
the particles onto a substrate (adhesive tape or soft foil such as
indium) or forming a free-standing pellet.

The use of double-sticky (adhesive) tape is very common. The
Lochner46 description of powder mounting describes the process of
using double-stick carbon tape as often used for XPS analysis.
Conducting carbon and copper tapes are often used with the
advantage of being conductive. However, standard double sticky
(such as 3M 665 for mounting photographs) is often used at Pacific
Northwest National Laboratory by covering the tape fully with the
NPs or other powders. Although this tape is nonconducting, excel-
lent data have been collected involving the use of the neutralization
system in a Phi Quantera instrument.

A specialized container/holder has been developed for mount-
ing powders for XPS by Hellgardt and Chadwick.45 Their holder
constrains the particle to a small cup with a cover (containing a
pump-out hole) to minimize particle loss during sample movement.

Appropriate care and following the local safety regulations are
particularly relevant in the handling of dry NPs to avoid health
risks that may be associated with particle inhalation.

VI. ANALYSIS NEEDS AND APPROACHES

As would be expected, the measurement objectives determine
the type of data that needs to be collected and the analysis needed.
If the desired information is primarily the identification of contam-
inants on NP surfaces (and the sample has been appropriately pre-
pared), the elements or chemical states present in the survey or
high-energy resolution XPS spectra can be determined using stan-
dard methods of peak and chemical state identification. Similarly,
the determination of consistency in synthesizing or functionalizing
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a set of NPs of the same size might be validated by a consistent
determination of the relative intensities of photoelectron peaks or
application of standard XPS quantification procedures without
detailed consideration of the geometry of the particles.

However, since the nanostructure of the sample influences
photoelectron peak intensities and relative peak intensities, peak
energies, and background signals,16 it is possible to invert the
process and use XPS spectra to learn a good deal about the nature
of NPs. With some work, proper data collection, and modeling, it
is possible to learn information about particles sizes,48,49 single and
multiple coating and shell thicknesses,18,50–52 and the extent or
nature of surface functionalization.40,53

The major difference between analyzing flat and NP surfaces
is shown schematically in Fig. 3. Because electrons from the “core”
of an NP need to travel a variety of different distances to reach
the analyzer, the ratio of coating to substrate photoelectron signals
will vary with particle size. For particles smaller than ≈10 nm,
XPS senses both the top and some of the bottom of a particle.
As the particle size increases, the “visible” top of the particle will
be sensed by XPS and the relative signal strengths,16,54 and the
nature of the inelastic background55 will increasingly look the
normal emission analysis condition shown as the first component
of Fig. 3.

One of the important needs for quantitative XPS analysis of
nanoparticles is the determination of the thickness of layers on
nanoparticles. The thicknesses of layers can be determined using
modeling approaches (see Ref. 56 for a summary of some relevant

XPS modeling programs and Ref. 57 for examples) with some
assumptions and knowledge of particle size.

In both Figs. 3 and 4, XPS signals from NPs are depicted as
arising from a single particle. In studies by Werner, Powell, and
coworkers, it has been shown that the single-sphere-model for peak
intensities applies for NPs samples with random distribution.31,58

Two limitations of this sample preparation [Fig. 1(b)] and the
single-sphere-model should be noted. First, the single-sphere-model
applies until the electron inelastic mean free pathlength exceeds the
particle size.31 For smaller NP sizes, more detailed analysis is
needed.58 Second, the single-sphere-model, which enables the
sample prepared as shown in Fig. 1(b) to work, only applies to peak
intensities and not the inelastic signals around the photoelectron
peaks. It has been demonstrated that the inelastic background
around photoelectron peaks generated only by the nanoparticles can
be used to quantitatively determine the thickness of NP coatings.55

In this circumstance, XPS measurements must be from disperse NPs
as indicated in Fig. 1(a).

The most common approach for determining thicknesses of
NP coatings or layers uses the relative intensity of peaks from the
different layers and the core, as represented by the ratio A of photo-
electron intensities from the shell and core of a core-shell NP, as
shown in Fig. 4.

Shard and co-workers20,22,59 developed a simple method for
extracting shell thicknesses from core-shell nanoparticles of known
core radius. The method assumes that the NPs are spherical and of
identical size, i.e., with the same core radii and the same layer
thicknesses. Shard et al. found that the effects of elastic scattering
of the photoelectrons could be represented by effective attenuation
lengths used to determine thicknesses of overlayer films on planar
substrates. This relatively simple method was initially used to deter-
mine the shell thickness for core-shell particles20,59 but was
extended recently to core-shell-shell particles.22

FIG. 3. Schematic drawing showing a thin coating on a flat surface and an NP.
Note that there are different distances that electrons from the substrate need to
travel to be detected by an analyzer. Because of the impact of the direction of
electron emission from the coating on the film or particle, the ratio of signals
from the coating and substrate from the film or particle will generally differ.
These effects can be modeled and used to learn about the particles. Reprinted
with permission from D. R. Baer and M. H. Engelhard, J. Electron Spectrosc.
178–179, 415 (2010). Copyright 2010, Elsevier.16

FIG. 4. Normalized intensity ratio A of photoelectron signals from the nanoparti-
cle core and shell is the experimental data that is combined with sensitivity
factors and data for effective attenuations lengths in the simple model developed
by Shard to obtain the shell thickness. Adapted with permission from A. G.
Shard, J. Phys. Chem. C. 116, 16806 (2012). Copyright 2012, American
Chemical Society.20
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The Shard model uses an analytical formula that combines
normalized signal intensities from the core and relevant layers with
information about the relevant effective attenuation lengths to
provide the layer thicknesses. Accuracy and limitations inherent in
this model related to shell and coating combinations have been
explored in some detail.18,58,60 The model was found to work well
for determining shell thicknesses of organic materials but to overes-
timate shell thicknesses for core-shell particles with strongly
scattering shells.58 Follow-up studies based on simulations of pho-
toelectron peak intensities for Au-core/C-shell, C-core/Au-shell,
Cu-core/Al-shell, and Al-core/Cu-shell NPs with a wide range of
core diameters and shell thicknesses showed that values of shell
thickness from the Shard equation typically agreed with actual shell
thicknesses to better than 10%.18

The computer program and database Simulation of Electron
Spectron for Surface analysis (SESSA)61,62 contains needed data to
simulate XPS spectra. Initially, the database could be used to model
layered structures, but a newer version added capability for model-
ing nanoparticles.31,58 Some research has been focused on under-
standing how best to apply SESSA to nanoparticles while others
have applied SESSA to specific nanoparticle systems.

Werner et al.31 used SESSA to examine the impact of different
nanoparticle configurations on XPS photopeak intensities and
showed that a single-particle approximation is valid for collections
of NPs when the measurements with the spatial coordinates
are uncorrelated. This result confirmed earlier indications52 that a
single-particle model of relative intensities appropriately applies to
measurements of a random collection (pile) of nanoparticles.
Although the single-sphere approximation breaks down when the
electron inelastic mean free paths exceed the particle radius,
Werner et al.31 demonstrated that complex particle configurations
of many types and particle sizes can be satisfactorily modeled with
SESSA.

Many authors have developed models of photoelectron
transport in core-shell nanoparticles in which the effects of elastic
scattering were neglected. Using SESSA, Powell and co-workers18,60

explored core-shell NPs with different material combinations to
determine whether or not the neglect of elastic scattering was
important. Their work showed that for organic coatings, the
neglect of elastic scattering was justified.

As an example of the use of SESSA, the thickness of a
16-mercaptohexadecanoic acid (C16H32 COOH) SAM on Au NPs
was examined by Techane et al.32 This modeling effort showed that
the SAM on Au NPs was very similar, but not identical, to the
SAM on planar Au. In addition, using SESSA to model the experi-
mental data required the presence of an adventitious carbon
contamination layer, information not readily from the simple
form of the Shard approach. Layer thickness determinations (with
assumptions noted in the paper) were made for SAM films on
Au and on Au NPs. The layer thicknesses on 14 nm Au NPs deter-
mined by SESSA were: contamination = 0.15 nm, termination
functional group COOH= 0.26 nm, and 16 chain carbon units
CH2 = 16 × 0.09 = 1.44 nm.

The Shard approach and the many applications of SESSA
involve the assumption that the NPs are uniform in size and ideally
spherical in shape. Wang et al.,37 Sahoo et al.,63 and Müller et al.55

have explored the impacts of irregular or imperfect NPs [Ag/Au-shell/

core, Au-TiO2 particle/catalyst and PTFE-poly(methyl methacrylate)
(PMMA), respectively] on XPS signals. They have found that with
additional shape information from other sources such as TEM, SESSA
can appropriately model the XPS data. The experimental data
modeled by Yang with SESSA are available in the digital form from
and published in Surface Science Spectra.64 The PTFE-PMMA parti-
cles were modeled based on peak intensities using SESSA with data
from sample configuration Fig. 1(b) and the Quantitative Analysis of
Surfaces by Electron Spectroscopy (QUASES) program developed by
Tougaard65 using data from sample configuration Fig. 1(a). They
found that the inelastic background modeled using QUASES was
useful to “independently differentiate” the nonideal nature of their NP
structure.55

VII. SUMMARY

XPS is a highly useful tool for understanding the nature and
consistency of NP surfaces, and with appropriate sample cleaning,
mounting, data collection, and analysis can provide important
quantitative information about coatings, shells, and contamination
of NPs. The full potential of XPS analysis of NPs appears to be
underused.

Unfortunately, the needs for careful sample preparation and
good practices for data collection and interpretation, including
obtaining information from peak fitting and appropriately report-
ing of provenance information needed to verify particle characteris-
tics, are too frequently ignored. Consequently, some of the XPS
data from NPs reported in the literature are misleading or
incorrect.

The practices highlighted in this short guide, along with good
practices covered in other guides for instrument calibration, dealing
with sample charging, and the recording and reporting of informa-
tion can contribute important quality data and understanding of
NPs properties and behaviors.
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