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ABSTRACT

Chitosan, a polysaccharide containing −OH and −NH2 functional groups, is gaining attention from researchers due to its potential as a
sorbent for metal ions. Preliminary results from a national priority project confirmed that chitosan can effectively remove toxic elements
from polluted water and recover metals of high economic value, such as rare earth elements. This paper presents the photoelectron core
level spectra and valence band spectra obtained from a commercial chitosan powder and a film made up with the same powder. In addition,
x-ray induced Auger electron spectra of oxygen, O KLL, are included.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution-NonCommercial 4.0
International (CC BY-NC) license (https://creativecommons.org/licenses/by-nc/4.0/). https://doi.org/10.1116/6.0004760

Accession#: 02034, 02035
Technique: XPS, XAES
Specimen: Chitosan powder, Chitosan film
Instrument: Thermo Scientific Theta Probe

Major Elements in Spectra: C, O, N
Minor Elements in Spectra: None
Published Spectra: 12
Spectral Category: Comparison

INTRODUCTION

Chitosan is an abundant natural biopolymer obtained by
deacetylation of chitin (Ref. 1). It is a cationic polysaccharide char-
acterized by biodegradability, nontoxicity, and biocompatibility
(Ref. 2). Due to the presence of −OH and −NH2 functional
groups, chitosan and chitosan-based (nano)materials are exploited
as sorbents for toxic elements from polluted waters (Ref. 3) since
amine groups can chelate metal cations in chitosan at near-neutral
pH values. The presence of protonated amine groups at acidic pH
also allows the chitosan to remove anions (Ref. 3). Since the capa-
bility of chitosan to remove water pollutants depends on the frac-
tion of amine groups, the deacetylation degree of chitosan is a key
parameter for removing contaminants. In the framework of a
project aiming to exploit chitosan-based materials for recovering
rare earth elements (REEs) from water, XPS is used for characteriz-
ing chitosan sorbents after contact with solutions containing neo-
dymium, gadolinium, samarium, and praseodymium to better
understand the mechanism underlying the REEs recovery. In this

work, the spectra of a commercial chitosan sample are presented
together with the spectra recorded on a chitosan film obtained
from that sample. The degree of deacetylation (DD %) was deter-
mined by potentiometric and conductometric titrations, and it was
found to be 93 (1) %.

SPECIMEN DESCRIPTION (ACCESSION # 02034)

Specimen: Chitosan powder
CAS Registry #: 9012-76-4
Specimen Characteristics: Homogeneous; solid; partially crystal-

line; biopolymer; organic compound; powder
Chemical Name: Poly[(1→ 4)-β-D-glucosamine]
Source: MP Biomedicals LLP, USA
Composition: C6H11NO4

Form: Microfine dust
Structure: N/A
History and Significance: Commercial sample of chitosan,

which is used for the removal of toxic elements and rare
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earth ions from water due to the presence of −OH and −NH2

functional groups.
As Received Condition: The commercial chitosan sample was

received as a fine white powder. The powder was in a glass con-
tainer and stored in atmospheric conditions at room temperature.

Analyzed Region: 400 μm spot size was used and the correspond-
ing analyzed area is estimated to be 0.5 mm2. Center of the alu-
minum cuvette.

Ex Situ Preparation/Mounting: The chitosan was stored in an
oven for 24 h at 110 °C and then allowed to cool in a desiccator
in the presence of alumina before XPS analysis. Pre-drying was
necessary to preserve the ultrahigh vacuum in the analysis
chamber. Thermogravimetric analysis showed that at 110 °C,
only water was lost without inducing sample decomposition.
The chitosan powder was pressed onto in-house made cuvettes
of aluminum.

No sample degradation was visually detectable.
In Situ Preparation: None
Charge Control: A flood gun, 822-06 from Thermo Scientific

Instruments Division Electron Corporation, was used for charge
neutralization. The residual pressure during analyses was
2.5 × 10−5 Pa due to the utilization of low-energy argon ions for
controlling the specimen surface potential.

Temp. During Analysis: 298 K
Pressure During Analysis: 2 × 10−5 Pa
Pre-analysis Beam Exposure: 0 s

SPECIMEN DESCRIPTION (ACCESSION # 02035)

Specimen: Chitosan film
CAS Registry #: 9012-76-4
Specimen Characteristics: Homogeneous; solid; partially crystal-

line; biopolymer; organic compound
Chemical Name: Poly[(1→ 4)-β-D-glucosamine]
Source: MP Biomedicals LLP, USA
Composition: C6H11NO4

Form: Film
Structure: N/A
History and Significance: Film obtained from a commercial sample

of chitosan, which is used for the removal of toxic elements and
rare earth ions from water due to the presence of −OH and
−NH2 functional groups.

As Received Condition: The commercial chitosan sample was
received as a fine white powder. The powder was stored in a glass
container under atmospheric conditions at room temperature.

Analyzed Region: A nominal spot size of 400 μm was used, and
the corresponding analyzed area is estimated to be 0.5 mm2.
Center of the polymeric film.

Ex Situ Preparation/Mounting: Chitosan films were obtained by
dissolving 2% w/v chitosan, an off-white powder, in a 1% v/v
acetic acid aqueous solution, stirring, and then diluting with dis-
tilled water. The solution was heated to 60 °C, and the chitosan
was dissolved entirely; then, it was cooled to room temperature.
4 cm3 of the chitosan solution were placed into a Petri dish and
incubated for 48 h at 45 °C to obtain a polymeric film (Ref. 4).

No sample degradation was visually detectable.
In Situ Preparation: None

Charge Control: A flood gun, 822-06 from Thermo Scientific
Instruments Division Electron Corporation, was used for charge
neutralization. The residual pressure during analysis was
2.5 × 10−5 Pa due to the use of low-energy argon ions to control
the specimen surface potential.

Temp. During Analysis: 298 K
Pressure During Analysis: 2 × 10−5 Pa
Pre-analysis Beam Exposure: 0 s

INSTRUMENT DESCRIPTION

Manufacturer and Model: Thermo Scientific Theta Probe
Analyzer Type: Spherical sector
Detector: Multichannel plate
Number of Detector Elements: 128

INSTRUMENT PARAMETERS COMMON TO ALL
SPECTRA

Spectrometer

Analyzer Mode: Constant pass energy
Throughput (T = EN): The energy dependence is determined by

the equation

Area
PE

¼ a2

a2� KE
PEð Þ2

� �b

,

where a and b are constants, PE is the pass energy, Area is the
peak area, KE is the photoelectron kinetic energy, and KE/PE is
the retard ratio. Three spectral regions [Cu 2p (925–940 eV), Cu
3p (68–82 eV), and Cu L3M4,5M4,5 (561–577 eV)] are recorded
on a sputter cleaned copper sample at different pass energies
(10, 20, 50, 100, 125, 150, 200, 300, and 400 eV). The values of
a and b are then determined; they were found to be equal to
17.39 and 0.533, respectively, by a least square fit of the data,
applying the equation described above.

Source 1 of 1

Excitation Source Window: None
Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 100W
Source Beam Size: 355.8 × 219.2 μm2

Signal Mode: Single channel direct

Geometry

Incident Angle: 30°
Source-to-Analyzer Angle: 67.38°
Emission Angle: 53°
Specimen Azimuthal Angle: 60°
Acceptance Angle from Analyzer Axis: 70°
Analyzer Angular Acceptance Width: 30° × 30°

Ion Gun

Manufacturer and Model: Thermo Scientific EX05
Energy: 3000 eV
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Current: 0.002 mA
Current Measurement Method: Biased stage
Sputtering Species and Charge: Ar+

Spot Size (unrastered): 200 μm
Raster Size: 3000 × 3000 μm2

Incident Angle: 45°
Polar Angle: 58.43°
Azimuthal Angle: 100°
Comment: Ion gun was used to sputter clean the Au, Cu, and Ag

specimens during the binding energy scale linearity check.

DATA ANALYSIS METHOD

Energy Scale Correction: Binding energy scale is referred to C 1s
of adventitious carbon at 285.0 eV. The linearity of the binding
energy scale is periodically checked in agreement with ISO
15472:2010; the spectra of pure gold, silver, and copper samples
were acquired after Ar+ sputtering and the work function was
set so that the binding energy values of the peaks: Au 4f7/2,
Ag 3d5/2, and Cu 2p3/2, were in agreement with those reported
in the mentioned ISO standard (see analyzer calibration table).

Recommended Energy Scale Shift: The energy scale shift for the
chitosan sample is +2.0 eV for 02034 and + 2.1 eV for 02035.

Peak Shape and Background Method: The spectra were processed
using CASAXPS (v. 3.0PR1.0) (Ref. 5). The curve fitting of the
high-resolution spectra was performed by adapting synthetic
lines described by mixed Gaussian–Lorentzian product func-
tions to the experimental data after a three-parameters universal
Tougaard-background (U3 Tougaard in CASAXPS) (Ref. 6) sub-
traction in agreement with previous works on XPS characteriza-
tion of polymers and organic polymeric layers on gold substrate
(Refs. 7 and 8).

Quantitation Method: Surface quantitative composition is calcu-
lated considering C, N, and O, belonging to chitosan. The per-
centage of each element has been calculated correcting the
experimental areas for the relative sensitivity factors, which
include corrections for the photoionization cross section
(Ref. 9), the asymmetry parameter (Ref. 10), the inelastic mean
free path (Ref. 11), the emission angle (53°), and the analyzed
transmission function (see section Throughput). The experimental
intensities were corrected following (Ref. 12) for the attenuation of
the detected signals due to the contamination layer.
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SPECTRAL FEATURES TABLE

Spectrum
ID #

Element/
Transition

Peak
Energy
(eV)

Peak Width
FWHM (eV)

Peak Area
(eV counts)

Sensitivity
Factor

Concentration
(at. %) Peak Assignment

02034-02 C 1s I 285.0 1.4 6411 1.88 … C—H; C—C from adv. contamination
layer

02034-02 C 1s II 286.4 1.4 12 335 1.88 44 C—OH from chitosan and from adv.
contamination layer

02034-02 C 1s III 288.0 1.4 3076 1.88 11 O—C—O from chitosan and/or
CvO from acetylated fraction of the

chitosan
02034-02 C 1s IV 289.4 1.4 112 1.88 0.4 OvC—O from possible partial

acetylation on the C—OH groups
02034-03a N 1s I 399.5 1.5 3984 3.33 9 NH2 from the chitosan
02034-03 N 1s II 401.2 1.5 262 3.33 … NH3

+ from partial protonation of
chitosan and/or residues of acetyl

amine
02034-04 O 1s I 532.8 1.6 25 804 5.26 34 Oxygen of the C—OH groups from

chitosan
02034-04 O 1s II 531.2 1.6 1965 5.26 3 Oxygen of the OvC—O groups

from acetylation of C—OH groups of
the chitosan

02034-05b O KL2,3L2,3 509.4 … … … … …
02034-05b O KL1L2,3 486.5 … … … … …
02034-06 VB I 6.5 … … … … …
02034-06 VB II 14.5 … … … … …
02034-06 VB II 18.5 … … … … …
02034-06 VB IV 26.0 … … … … …
02035-02 C 1s I 285.0 1.3 11 689 1.88 … C—H; C—C from adv. contamination

layer
02035-02 C 1s II 286.5 1.3 10 742 1.88 42 C—OH from chitosan and from adv.

contamination layer
02035-02 C 1s III 288.1 1.3 3019 1.88 12 O—C—O from chitosan and/or

CvO from acetylated fraction of the
chitosan

02035-02 C 1s IV 289.4 1.3 435 1.88 2 OvC—O from possible partial
acetylation on the C—OH groups

02035-03a N 1s I 399.5 1.5 2914 3.33 8 NH2 from the chitosan
02035-03 N 1s II 401.5 1.5 469 3.33 … NH3

+ from partial protonation of
chitosan and/or residues of acetyl

amine
02035-04 O 1s I 532.9 1.6 22 307 5.26 33 Oxygen of the C—OH groups from

chitosan
02035-04 O 1s II 531.3 1.6 2767 5.26 4 Oxygen of the OvC—O groups

from acetylation of C—OH groups of
the chitosan

02035-05b O KL2,3L2,3 509.9 … … … … …
02035-05b O KL1L2,3 487.5 … … … … …
02035-06 VB I 6.8 … … … … …
02035-06 VB II 14.6 … … … … …
02035-06 VB II 18.4 … … … … …
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(Continued.)

Spectrum
ID #

Element/
Transition

Peak
Energy
(eV)

Peak Width
FWHM (eV)

Peak Area
(eV counts)

Sensitivity
Factor

Concentration
(at. %) Peak Assignment

02035-06 VB IV 26.0 … … … … …

Comment to Spectral Features Table:
aN at. % is calculated considering the sum of N 1s I and N 1s II areas.
bPeak energies of O KL23L23 and O KL1L23 peaks are given as kinetic energy.
Footnote to C 1s spectra: C 1s is composed of four components. The peak at the lowest energy values (C 1s I: 285.0 eV) is ascribed to the organic adventitious carbon
layer, due to the exposure of the specimen to the environment. The intense component C 1s II at 286.4 eV is ascribed to the presence of the C—OH groups of chitosan and
to the contribution of the organic adventitious carbon layer. The third component located at 288.0 eV is due to the presence of O—C—O of the chitosan, and the fourth
component found at 289.4 eV might be ascribed to OvC—O due to the possible acetylation reaction of the alcoholic groups of the chitosan in agreement with the results
reported in Refs. 12 and 13. The C 1s II, III and IV components’ FWHM was constrained to be the same of C 1s I, and no area constraints were applied. These four
components are found in both powder chitosan and chitosan film and other chitosan samples reported in the literature (Refs. 12–16). The main difference between C 1s of
the chitosan powder and film involves the intensity of the component ascribed to the adventitious contamination layer that is more intense for the film than for the powder,
probably as an effect of the film synthesis that was conducted at the open air. The quantitative analysis reported in the table is in good agreement with the stoichiometry
calculated for a chitosan with a deacetylation degree of 93%.
Footnote to N 1s spectra: N 1s signals show the presence of two components: the N 1s I at 399.5 eV ascribed to the NH2 of the amino groups of the chitosan and the N 1s
II at 401.2 eV assigned to both protonated amino groups of chitosan (Ref. 12) and to the residual of acetyl amine groups (Ref. 14) The same components are also found in
the chitosan film; however, the N 1s II component was shifted of +0.3 eV. The peak energy values of these components agree with the values reported in the literature for
the protonated amino groups in chitosan that, based on what is presented in previous works (Refs. 12, 14, and 15), range from 401.1 and 401.7 eV. The intensity of the N 1s
II component is more intense in the film than in the powder representing the 14% of the total area of N 1s peak compared to the 6% in the case of chitosan powder.
Footnote to O 1s spectra: O 1s signal recorded on chitosan sample shows the presence of two components: the most intense one at an energy value equal to 532.8 eV is
ascribed to oxygen in the C—OH groups of chitosan, while the second component at 531.2 was assigned to the presence of OvC—O groups, that is in agreement with the
results reported in the literature (Refs. 12 and 13). These two components are found in both samples, in addition to these two components.
Footnote to O KLL spectra: O KLL spectra show the presence of a complex set of components originating O KL2,3L2,3 peak, located at 509.4 eV for the powder and 509.9 eV
for the film and a less intense O KL1L2,3 peak located at 486.5 and 487.5 eV for the powder and the film, respectively. The energy difference between KL2,3L2,3 and KL1L2,3
is found to be equal to 22.9 eV for the chitosan powder and 22.4 eV for the film, thus indicating a possible variation in the chemical state of oxygen upon film formation.
According to Moretti (Ref. 16) and Wagner et al. (Ref. 17), the energy difference between KL2,3L2,3 and KL1L2,3 is related to differences in the ionicity of the oxygen-involving
bonds: the higher the difference between the kinetic energy of the two Auger components, the lower the ionicity of the bond. The energy difference between KL2,3L2,3 and
KL1L2, in this work is close to the values reported by Ref. 17 for polyalcohols such as mannitol as far as the powder; for the film the energy difference decreases, and this
decrease might thus be interpreted in terms of higher ionicity of the bonds to oxygen, probably due to the role of water molecules that might be trapped into the film, that can
interact with the oxygen and with nitrogen from chitosan via H-bonding, or to the higher order of chitosan chains in the film compared to the powder (Ref. 18).
Footnote to VB spectra: Several features are detected in the valence band regions of both samples. The band located at about 6.5 eV (VB I), for chitosan powder, is mainly
due to the N lone pair. The energy of this component shifts to 6.8 eV in the case of chitosan film. Peaks VB II and VB III at 14.5 and 18.5 eV, respectively, are due to the
mix of carbon and oxygen 2p and 2s states in the —C—O— and C—C groups of chitosan; peak VB IV, located at about 26.0 eV is due to carbon 2s, nitrogen 2s, and
oxygen 2s states of the —C—O— and —C—N— groups (Ref. 19).

ANALYZER CALIBRATION TABLE

Spectrum
ID #

Element/
Transition

Peak Energy
(eV)

Peak Width
FWHM (eV)

Peak Area
(eV counts)

Sensitivity
Factor

Concentration
(at. %)

Peak
Assignment

… Au 4f7/2 83.95 1.04 1 91 600 … … Gold metal
… Ag 3d5/2 368.26 0.96 1 97 000 … … Silver metal
… Cu 2p3/2 932.61 1.24 1 43 000 … … Copper metal

Comment to Analyzer Calibration Table: The spectra were acquired after Ar+ etching. Calibration of the binding energy scale was performed following the ISO 15472:2010.
Small drifts of the binding energy scale were corrected, and the accuracy of ±0.05 eV was determined.
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GUIDE TO FIGURES

Spectrum ID # Element/Transition Voltage Shifta Multiplier Baseline Comment #

02034-01 Survey −2.0 … … …
02034-02 C 1s −2.0 1 0 …
02034-03 N 1s −2.0 1 0 …
02034-04 O 1s −2.0 1 0 …
02034-05 O KLL +2.0 1 0 …
02034-06 Valence band −2.0 1 0 …
02035-01 Survey −2.1 … … …
02035-02 C 1s −2.1 1 0 …
02035-02 N 1s −2.1 1 0 …
02035-04 O 1s −2.1 1 0 …
02035-05 O KLL +2.1 1 0 …
02035-06 Valence band −2.1 1 0 …

aVoltage shift of the archived (as-measured) spectrum relative to the printed figure. The figure reflects the recommended energy scale correction due to a calibration
correction, sample charging, flood gun, or other phenomenon.
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Accession #: 02034-01

■ Specimen: Chitosan powder
■ Technique: XPS

■ Spectral Region: Survey
Instrument: Thermo Scientific Theta Probe

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV

Source Strength: 100W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector analyzer
Incident Angle: 30°
Emission Angle: 53°

Analyzer Pass Energy: 200 eV
Instrument Resolution: 1.5 eV

Total Signal Accumulation Time: 613 s
Total Elapsed Time: 1006 s
Number of Scans: 9

Comments: In the survey spectrum, the signals from C, O, and N are detected.
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■ Accession #: 02034-02
■ Specimen: Chitosan powder
■ Technique: XPS
■ Spectral Region: C 1s

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 171 s
Total Elapsed Time: 387 s
Number of Scans: 9
Comments: See Footnote C 1 s

■ Accession #: 02034-03
■ Specimen: Chitosan powder
■ Technique: XPS
■ Spectral Region: N 1s

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 162 s
Total Elapsed Time: 370 s
Number of Scans: 9
Comments: See Footnote N1s
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■ Accession #: 02034-04
■ Specimen: Chitosan powder
■ Technique: XPS
■ Spectral Region: O 1s

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 180 s
Total Elapsed Time: 455 s
Number of Scans: 9
Comments: See Footnote O 1s

■ Accession #: 02034-05
■ Specimen: Chitosan powder
■ Technique: XAES
■ Spectral Region: O KLL

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 798 s
Total Elapsed Time: 1359 s
Number of Scans: 9
Comments: See Footnote O KLL
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■ Accession #: 02034-06
■ Specimen: Chitosan powder
■ Technique: XPS
■ Spectral Region: Valence band

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 608 s
Total Elapsed Time: 1088 s
Number of Scans: 27
Comments: See Footnote VB
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Accession #: 02035-01

■ Specimen: Chitosan film
■ Technique: XPS

■ Spectral Region: Survey
Instrument: Thermo Scientific Theta Probe

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV

Source Strength: 100W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector analyzer
Incident Angle: 30°
Emission Angle: 53°

Analyzer Pass Energy: 200 eV
Instrument Resolution: 1.5 eV

Total Signal Accumulation Time: 613 s
Total Elapsed Time: 1006 s
Number of Scans: 9

Comments: In the survey spectrum, the signals from C, O, and N are detected.
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■ Accession #: 02035-02
■ Specimen: Chitosan film
■ Technique: XPS
■ Spectral Region: C 1s

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 171 s
Total Elapsed Time: 387 s
Number of Scans: 9
Comments: See Footnote C 1s

■ Accession #: 02035-03
■ Specimen: Chitosan film
■ Technique: XPS
■ Spectral Region: N 1s

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 162 s
Total Elapsed Time: 370 s
Number of Scans: 9
Comments: See Footnote N 1s
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■ Accession #: 02035-04
■ Specimen: Chitosan film
■ Technique: XPS
■ Spectral Region: O 1s

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 180 s
Total Elapsed Time: 455 s
Number of Scans: 9
Comments: See Footnote O 1s

■ Accession #: 02035-05
■ Specimen: Chitosan film
■ Technique: XAES
■ Spectral Region: O KLL

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.8 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 798 s
Total Elapsed Time: 1359 s
Number of Scans: 9
Comments: See Footnote O KLL
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■ Accession #: 02035-06
■ Specimen: Chitosan film
■ Technique: XPS
■ Spectral Region: Valence band

Instrument: Thermo Scientific Theta Probe
Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 100 W
Source Size: 355.8 × 219.2 μm2

Analyzer Type: Spherical sector
Incident Angle: 30°
Emission Angle: 53°
Analyzer Pass Energy: 100 eV
Instrument Resolution: 0.96 eV
Total Signal Accumulation Time: 608 s
Total Elapsed Time: 1088 s
Number of Scans: 27
Comments: See Footnote VB
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