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ABSTRACT

Layered double hydroxides (LDHs) and graphitic carbon nitride (gCN) are burgeoning multifunctional materials that have attracted a con-
siderable interest as heterogeneous catalysts for environmental remediation. In the present work, we report on the x-ray photoelectron spec-
troscopy characterization of a representative MgAlTi-LDH/gCN heterocomposite, obtained by a simple mixing of single powdered
constituents. Monochromated Al Kα radiation (1486.6 eV) was used as the source of x-ray excitation to acquire both wide-scan spectra and
high-resolution signals of the principal element core levels. The main spectral features of the target system are critically examined and dis-
cussed in relation to the data related to the pristine MgAlTi-LDH. The obtained results highlight the occurrence of an electronic interplay
between the single material constituents, anticipating an enhanced separation of photogenerated charge carriers and an improved activity
for photocatalytic applications. The present reported data will serve as comparison for LDH-based materials obtained under various
processing conditions for different end-uses.

Key words: graphitic carbon nitride, layered double hydroxides, nanocomposites, x-ray photoelectron spectroscopy
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Accession#: 01965 and 01966
Technique: X-ray photoelectron spectroscopy (XPS)
Specimen: MgAlTi-LDH; MgAlTi-LDH/gCN
Instrument: ThermoFisher Scientific EscalabTM QXi

Major Elements in Spectra: C, N, Mg, Al, Ti, and O
Minor Elements in Spectra: None
Published Spectra: 19
Spectral Category: Comparison

INTRODUCTION

The exponential growth of water and air pollution caused by
the increasing industrialization represents a main threat for human
health and for a sustainable development (Refs. 1–5). In this
regard, over the last two decades, heterogeneous photocatalysis has
emerged as an extremely promising avenue for the decomposition
of aqueous and gaseous pollutants into nontoxic products, thanks
to its efficiency, economic viability, and inherently green character

(Refs. 1 and 5–8). Accordingly, considerable efforts worldwide have
been dedicated by the scientific community to the design and fabri-
cation of active photocatalysts effectively activated by solar energy,
enabling the removal of pollutants from water and of nitrogen
oxides from the outer atmosphere (Refs. 6 and 9–11). Among the
possible alternatives, layered double hydroxides (LDHs) stand as
very attractive functional platforms, thanks to the uniform metal
dispersion, high structural flexibility, wide range of chemical
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compositions, as well as tunable photoresponse range and surface
chemistry (Refs. 1, 3, 4, 7, 9, and 12). Nonetheless, these advantages
are at least partially eclipsed by the rapid recombination of photo-
generated electrons and holes, limiting their efficiency (Refs. 1 and
2). In order to circumvent this drawback, a proficient option is
offered by the combination of LDHs with other 2D materials,
resulting in heterojunctions promoting the separation of electron-
hole pairs and broadening the sunlight absorption spectrum
(Refs. 1, 9, 13, and 14). To this aim, graphitic carbon nitride
(gCN), a low-cost 2D semiconductor, is a very valuable candidate
thanks to a plethora of favorable characteristics, encompassing non-
toxicity, chemical stability, matching band structure, and excellent
visible light response (Refs. 2, 4, 11, and 15–19).

In this general context, the present work is part of a compre-
hensive investigation aimed at the preparation and characterization
of LDH-based heterogeneous photocatalysts for the removal of
NOx gases (x = 1 and 2) from urban environments (De-NOx pro-
cesses) (Refs. 3, 6, 9, 20, and 21). In particular, we focus on the
study of LDH/gCN heterocomposites that, to our knowledge, have
never been proposed for similar applications so far, at variance
with bare gCN and LDHs (Refs. 7, 8, and 22). Since the system
functional performances are directly affected by their structure,
morphology, and chemical composition, we propose herein the
investigation of MgAlTi-LDH/gCN systems prepared by a simple
mixing procedure using x-ray photoelectron spectroscopy.
Specifically, the attention is focused on the analysis of the main
core levels (C 1s, Mg 1s, Mg 2s, Al 2p, Ti 2p, O 1s, and N 1s). The
related spectral features reveal the formation of heterocomposites
characterized by a direct electronic interplay between the system
components, occurring through an interfacial
gCN→MgAlTi-LDH charge transfer. These results, which antici-
pate an improved photocatalytic activity in comparison to the pris-
tine LDH, may be of general interest for the scientific community
working on the implementation of green photocatalysts for envi-
ronmental remediation.

SPECIMEN DESCRIPTION (ACCESSION #01965)

Specimen: MgAlTi-LDH
CAS Registry #: Unknown
Specimen Characteristics: Homogeneous; powder; polycrystalline;

semiconductor; inorganic compound; other
Chemical Name: Magnesium aluminum(III) titanium(IV) layered

double hydroxide
Source: Specimen prepared by a coprecipitation method
Composition: C, Mg, Al, Ti, and O
Form: Supported nanocomposite
Structure: X-ray diffraction (XRD) analysis revealed the presence

of signals located at 2θ = 11.2°, 22.5°, 34.5°, 38.7°; 45.8°, 60.2°,
and 61.4°, attributable, respectively, to the (003), (006), (009),
(015), (018), (110), and (113) crystallographic planes of
Mg3Al0.8Ti0.2 layered double hydroxide (Ref. 23).

History and Significance: Mg3Al0.8Ti0.2 layered double hydroxide
was prepared via coprecipitation. In particular, titanium(IV) tet-
raisopropoxide (TiOiPr4) was introduced dropwise for 45 min
in a vessel containing concentrated HCl under a nitrogen atmo-
sphere. The obtained TiCl4 was subsequently introduced into a

solution containing MgCl2•6H2O and AlCl3•6H2O. The 100 ml
resulting solution of metal salts with the suitable proportion
[Mg(II)/(Al(III) + Ti(IV)) = 3 and Ti(IV)/Al(III) = 0.25] was
gradually dropped into a Na2CO3•10H2O solution (100 ml)
under stirring at room temperature, maintaining pH= 10 by the
introduction of NaOH 4 M through an autotitrator. The result-
ing suspension was stirred for 16 h, washed with de-ionized
water, and filtered. The obtained material was dried at 60 °C
overnight. The delamination process was carried out following
the AMOST (aqueous miscible organic solvent treatment)
method (Refs. 3 and 24). In particular, the LDH was washed
with de-ionized water until pH= 7 and subsequently with
acetone (500 ml). The wet powders were then dispersed in
300 ml of acetone and stirred for 6 h at room temperature. The
resulting product was then filtered, washed with 200 ml of
acetone, and finally dried overnight at 60 °C.

As Received Condition: As grown
Analyzed Region: Same as the host material
Ex Situ Preparation/Mounting: The powder was fixed to the

sample holder using a copper double-sided adhesive tape.
In Situ Preparation: Prior to analysis, the specimen was allowed to

degas under vacuum conditions (×10−7 mbar) at 298 K for 12 h.
Charge Control: Charge compensation was obtained by means of

a dual-beam low energy electron and ion coaxial flood source
(0.1 V, 175 μA, and gas cell at 20 V).

Temp. During Analysis: 298 K
Pressure During Analysis: 10−7 Pa
Pre-analysis Beam Exposure: 130 s

SPECIMEN DESCRIPTION (ACCESSION #01966)

Specimen: MgAlTi-LDH/gCN
CAS Registry #: Unknown
Specimen Characteristics: Homogeneous; powder; polycrystalline;

semiconductor; composite; other
Chemical Name: Magnesium aluminum(III) titanium(IV) layered

double hydroxide/graphitic carbon nitride
Source: Specimen prepared by mixing of single constituents
Composition: C, Mg, Al, Ti, and O
Form: Supported nanocomposite
Structure: XRD analysis yielded a diffraction pattern very similar

to the one of bare MgAlTi-LDH (see accession #01965). The
only difference was the presence of a weak signal at 2θ≈ 28.2°,
attributed to the (002) diffraction plane corresponding to the
interplanar stacking of graphitic carbon nitride sheets (Refs. 15,
16, and 25).

History and Significance: The preparation of gCN powders was
performed according to a previously reported synthetic route
(Refs. 17 and 18). The target heterocomposite specimen was
fabricated using a two-stage procedure. A mixture of
Mg3Al0.8Ti0.2 and gCN (285 and 15 mg, respectively) was sus-
pended in 10 ml of deionized water. The slurry was stirred bar
and heated to 40 °C. Subsequently, 10 ml of acetone was added
to the mixture, and the stirring was continued at room tempera-
ture until complete solvent evaporation.

As Received Condition: As grown
Analyzed Region: Same as the host material
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Ex Situ Preparation/Mounting: The powder was fixed to the
sample holder using a copper double-sided adhesive tape.

In Situ Preparation: Prior to analysis, the specimen was allowed to
degas under vacuum conditions (≈10−7 mbar) at 298 K for 12 h.

Charge Control: Charge compensation was obtained by means of
a dual-beam low energy electron and ion coaxial flood source
(0.1 V, 175 μA, and gas cell at 20 V).

Temp. During Analysis: 298 K
Pressure During Analysis: 10−7 Pa
Pre-analysis Beam Exposure: 130 s

INSTRUMENT DESCRIPTION

Manufacturer and Model: ThermoFisher Scientific EscalabTM QXi
Analyzer Type: Spherical sector
Detector: Channeltron
Number of Detector Elements: 6

INSTRUMENT PARAMETERS COMMON TO ALL
SPECTRA

Spectrometer

Analyzer Mode: Constant pass energy
Throughput (T = EN): Calculated from a cubic polynomial fit to a

plot of log[peak area/(PE × RSF)] (y) versus log(KE/PE) (x): y =
a + bx + cx2 + dx3, where PE is the pass energy, KE is the kinetic
energy, and RSF is the relative sensitivity factor (Ref. 26). The
coefficients corresponding to the adopted operating conditions
are as follows: a = 3.867 64; b =− 0.075 012 2; c = 0.003 690 77;
d =− 0.045 752 4.

Excitation Source Window: None
Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200W
Source Beam Size: 500 × 500 μm2

Signal Mode: Single channel direct

Geometry

Incident Angle: 58°
Source-to-Analyzer Angle: 58°
Emission Angle: 0°
Specimen Azimuthal Angle: 90°
Acceptance Angle from Analyzer Axis: 45°
Analyzer Angular Acceptance Width: 22.5° × 22.5°

Ion Gun

Manufacturer and Model: ThermoFisher Scientific MAGCIS Dual
Beam Ion Source

Energy: 4000 eV
Current: 7 mA
Current Measurement Method: Biased stage
Sputtering Species and Charge: Ar+

Spot Size (unrastered): 500 μm
Raster Size: 4500 × 4500 μm2

Incident Angle: 40°
Polar Angle: 40°

Azimuthal Angle: 270°
Comment: Differentially pumped ion gun

DATA ANALYSIS METHOD

Energy Scale Correction: The reported binding energies were cor-
rected for charging phenomena by assigning a BE of 284.8 eV to
the adventitious C 1s signal (Ref. 27).

Recommended Energy Scale Shift: +0.7 eV for accession #01965
and +0.4 eV for accession #01966.

Peak Shape and Background Method: After performing a
Shirley-type background subtraction (Ref. 28), least-squares
fitting was performed adopting Gaussian/Lorentzian sum func-
tions (% Lorentzian = 30%).

Quantitation Method: Atomic concentrations were calculated by
peak area integration, using sensitivity factors provided by
Thermo Scientific Avantage software (version 6.6.0, Build
00114).
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SPECTRAL FEATURES TABLE

Spectrum
ID #

Element/
Transition

Peak
Energy
(eV)

Peak
Width
FWHM
(eV)

Peak Area
(eV × cts/s)

Sensitivity
Factor

Concentration
(at. %) Peak Assignment

01965-02a C 1s 284.8 2.0 17 797.8 1.000 2.3 Adventitious contamination
01965-02a C 1s 288.5 2.0 47 395.6 1.000 6.0 Interlayer carbonate groups
01965-03 Mg 1s 1304.8 3.0 1611030.7 14.941 … Mg(II) in MgAlTi-LDH
01965-04 Mg 2s 88.3 2.3 116503.2 0.757 18.2 Mg(II) in MgAlTi-LDH
01965-05 Mg 2p 49.6 1.7 57 198.3 0.429 … Mg(II) in MgAlTi-LDH
01965-06 Mg KL23L23 306.2 — — — — Mg(II) in MgAlTi-LDH
01965-07 Al 2p 75.3 2.1 32 074.7 0.560 6.8 Al(III) in MgAlTi-LDH
01965-08b Ti 2p … … 90 252.1 6.471 1.9 Ti(IV) in MgAlTi-LDH
01965-08 Ti 2p3/2 458.8 1.8 … … … Ti(IV) in MgAlTi-LDH
01965-08 Ti 2p1/2 464.5 2.8 … … … Ti(IV) in MgAlTi-LDH
01965-09c O 1s 530.4 2.0 366146.7 2.881 17.8 M—O bonds
01965-09c O 1s 531.5 2.0 697675.8 2.881 34.0 M—OH moieties and

carbonate species
01965-09c O 1s 533.0 2.0 267619.9 2.881 13.0 Adsorbed water
01966-02a C 1s 284.8 1.9 9 444.3 1.000 1.2 Adventitious contamination
01966-02a C 1s 286.4 2.1 20 682.9 1.000 2.7 C in C—NHx (x = 1 and 2)

groups
01966-02a C 1s 288.5 2.2 64 315.3 1.000 8.2 NvCZN carbon atoms in

gCN aromatic rings and
interlayer carbonate groups

01966-03d N 1s 398.9 2.0 16 834.0 1.676 1.3 Two-coordinated CvNZC
nitrogen atoms from gCN

01966-03d N 1s 400.1 1.8 9 397.2 1.676 0.8 Tertiary NZ(C)3 nitrogen
atoms from gCN

01966-03d N 1s 401.4 1.6 4 169.6 1.676 0.3 Uncondensed NHx groups
01966-03d N 1s 404.4 2.5 715.7 1.676 0.1 Excitation of π-electrons
01966-04 Mg 1s 1304.6 3.0 1492514.2 14.941 … Mg(II) in MgAlTi-LDH
01966-05 Mg 2s 88.1 2.4 106966.4 0.757 17.0 Mg(II) in MgAlTi-LDH
01966-06 Mg 2p 49.4 1.8 57 067.0 0.429 … Mg(II) in MgAlTi-LDH
01966-07 Mg KL23L23 306.0 — — — — Mg(II) in MgAlTi-LDH
01966-08 Al 2p 75.1 2.1 29 825.0 0.560 6.4 Al(III) in MgAlTi-LDH
01966-09b Ti 2p 62 824.0 6.471 1.3 Ti(IV) in MgAlTi-LDH
01966-09 Ti 2p3/2 458.6 2.1 … … … Ti(IV) in MgAlTi-LDH
01966-09 Ti 2p1/2 464.3 3.0 … … … Ti(IV) in MgAlTi-LDH
01966-10c O 1s 530.4 2.0 309398.4 2.881 15.3 MZO bonds
01966-10c O 1s 531.5 2.1 793140.3 2.881 39.2 MZOH moieties and

carbonate species
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(Continued.)

Spectrum
ID #

Element/
Transition

Peak
Energy
(eV)

Peak
Width
FWHM
(eV)

Peak Area
(eV × cts/s)

Sensitivity
Factor

Concentration
(at. %) Peak Assignment

01966-10c O 1s 533.0 1.8 125232.7 2.881 6.2 Adsorbed water

aThe sensitivity factor is referred to the whole C 1s signal.
bThe peak area, sensitivity factor, and concentration are referred to the whole Ti 2p signal.
cThe sensitivity factor is referred to the whole O 1s signal.
dThe sensitivity factor is referred to the whole N 1s signal.
Footnote to Spectra 01965-01 and 01966-01: Wide-scan spectra were dominated by signals due to magnesium, aluminum, titanium, oxygen, and carbon. For accession
#01966 (see 01966-01), the additional presence of nitrogen signals revealed the coexistence of MgAlTi-LDH and gCN.
Footnote to Spectra 01965-02 and 01966-02: For accession #01965, two different components contributed to the C 1 signal: the one related to adventitious contamination
at BE = 284.8 eV (Refs. 17–19 and 27) and the one located at 288.5 eV, assigned to interlayer carbonate groups (Refs. 12 and 29) typically present in LDHs (Refs. 2, 3, 6, 9,
11, 13, and 20). In the case of accession #01966, the additional band centered at BE = 286.4 eV was ascribed to carbon in CZNHx (x = 1 and 2) groups located on the
heptazine ring edges in gCN (Refs. 15–17). The occurrence of these groups, which should not be present in the ideal (fully condensed) gCN structure, can result in an
improved anchoring of gCN on MgAlTi-LDH (Ref. 30). For the same sample, the band positioned at 288.5 eV resulted from the concurrent contribution of the
above-mentioned carbonate groups and of C in NZCvN groups belonging to gCN aromatic rings (Refs. 11, 18, and 22).
In comparison to bare gCN (Refs. 17 and 31), the BEs of the second and third components underwent an increase for accession #01966 (+0.2 eV), in line with our recent
studies on gCN-based composites (Refs. 26 and 30). Such a result suggested the formation of MgAlTi-LDH/gCN heterojunctions, responsible for gCN→MgAlTi-LDH
electron transfer processes. A similar phenomenon, in turn, promoted an improved separation of photoproduced electrons and holes, paving the way to a higher
photocatalytic activity for the composite system, of relevance in view of eventual applications. These conclusions were further supported by the analysis of nitrogen and metal
photopeaks (compare the following comments).
Footnote to Spectra 01965-03, 01965-05, 01965-06, 01965-07, 01965-08, 01966-04, 01966-06, 01966-07, 01965-08, and 01966-09: The energy positions of the principal
magnesium, aluminum, and titanium core level peaks (Mg 1s, Al 2p, and Ti 2p, respectively) were compatible with those reported for Mg(II) (Refs. 7, 11, and 12), Al(III)
(Refs. 1, 4, and 12), and Ti(IV) (Refs. 5 and 6), free from other oxidation states in appreciable amounts. The Mg KL23L23 BE was in line with the one recently reported for
magnesium-aluminum layered double hydroxides (Ref. 32).
Calculation of magnesium Auger parameter [α = BE(Mg 2p) + KE (Mg KL23L23)] yielded 1230.0 eV for both the target accessions, a value relatively close to those previously
reported for various oxygenated Mg compounds (Ref. 27). Taking into account that the Mg 1s peak shows a higher photoemission cross section than the Mg 2p one, an
alternative definition of the Mg Auger parameter has also been proposed (Ref. 33): α* = KE(Mg KL23L23) – KE (Mg 1s). The obtained α* values were both 998.6 eV, in the
range reported for magnesium hydroxides/carbonates (Ref. 33).
As can be observed, the BEs of the metal photoelectron peaks were red-shifted (−0.2 eV) upon passing from MgAlTi-LDH to MgAlTi-LDH/gCN. This variation, of the same
magnitude, but opposite sign with respect to that exhibited by the aforementioned C 1s components, corroborated the direct integration of MgAlTi-LDH and gCN in the target
composite, with the gCN→MgAlTi-LDH electron transfer due to type-II heterojunction formation.
An inspection of the Spectral Features Table reveals that the surface Mg/Al ratio for both the analyzed specimens is very close to 2.70, i.e., lower than the bulk ratio,
corresponding to 3.75 as calculated for Mg3Al0.8Ti0.2 (see the above-reported structural data for both specimens). This result may suggest an Al surface segregation, in
accordance with previously reported results (Ref. 34). The opposite trend is observed for Ti, basing on the comparison of the surface Mg/Ti ratio with the value of 3.75
deduced from the above-reported formula.
Footnote to Spectrum 01965-04 and 01966-05: As already performed by other investigators (Ref. 34), the Mg 2s photopeak was recorded to obtain a more accurate
evaluation of atomic percentages. In fact, the use of the most intense magnesium signal, Mg 1s, is not the best choice to this purpose due to the appreciable BE difference
with the other peaks. This feature would imply the analysis of photoelectrons with different escape depths, yielding, thus, alterations in the obtained values (Ref. 27).
Footnote to Spectrum 01966-03: As typically observed for graphitic carbon nitride systems (Refs. 15 and 18), the N 1s signal resulted from four distinct components. The
most intense one (BE = 398.9 eV) was due to nitrogen in CvNZC groups (Refs. 1, 15, and 18), whereas the band at 400.1 eV was attributed to tri-coordinated N atoms
belonging to NZ(C)3 moieties (Refs. 2, 8, and 18). In accordance with the outcomes of C 1s analysis (see above), the component located at 401.4 eV was attributed to
N in uncondensed amino groups CZNHx (Refs. 1, 17, and 18). Finally, the weaker high BE band at 404.4 eV was due to π-electron excitations in heptazine rings
(Refs. 11 and 15).
In agreement with the data pertaining to the C 1s signal (see Footnote to Spectra 01965-02 and 01966-02), all the N1s components underwent a positive energy shift
corresponding to +0.2 eV with respect to pure gCN (Refs. 17 and 31), confirming the above-reported electronic interplay related to the occurrence of MgAlTi-LDH/gCN
heterojunctions.
Footnote to Spectrum 01965-09 and 01966-10: The O 1s signals were characterized by the concurrent contribution of three peaks corresponding to MZO bonds (O1)
(Refs. 9 and 14), M—OH and carbonate species (Refs. 7, 20, and 21), and adsorbed water (Refs. 21 and 29).
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ANALYZER CALIBRATION TABLE

Spectrum ID
#

Element/
Transition

Peak Energy
(eV)

Peak Width
FWHM (eV)

Peak Area
(eV × cts/s)

Sensitivity
Factor

Concentration (at.
%)

Peak
Assignment

… Au 4f7/2 84.0 1.1 2 841 305.7 20.735 … Au(0)
… Cu 2p3/2 932.7 1.3 5 350 621.8 26.513 … Cu(0)

Comment to Analyzer Calibration Table: The peaks were acquired after Ar+ erosion.

GUIDE TO FIGURES

Spectrum (Accession) # Spectral Region Voltage Shifta Multiplier Baseline Comment #

01965-01 Survey −0.7 1 0 …
01965-02 C 1s −0.7 1 0 …
01965-03 Mg 1s −0.7 1 0 …
01965-04 Mg 2s −0.7 1 0 …
01965-05 Mg 2p 0.7 1 0 …
01965-06 Mg KL23L23 +0.7 1 0 …
01965-07 Al 2p −0.7 1 0 …
01965-08 Ti 2p −0.7 1 0 …
01965-09 O 1s −0.7 1 0 …
01966-01 Survey −0.4 1 0 …
01966-02 C 1s −0.4 1 0 …
01966-03 N 1s −0.4 1 0 …
01966-04 Mg 1s −0.4 1 0 …
01966-05 Mg 2s −0.4 1 0 …
01966-06 Mg 2p −0.4 1 0 …
01966-07 Mg KL23L23 +0.4 1 0 …
01966-08 Al 2p −0.4 1 0 …
01966-09 Ti 2p −0.4 1 0 …
01966-10 O 1s −0.4 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 #: 01965-01

■ Specimen: MgAlTi-LDH
■ Technique: XPS

■ Spectral Region: Survey
Instrument: ThermoFisher Scientific EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV

Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°

Analyzer Pass Energy: 80 eV
Analyzer Resolution: 0.8 eV

Total Signal Accumulation Time: 136.1 s
Total Elapsed Time: 149.7 s
Number of Scans: 2

Effective Detector Width: 0.8 eV
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■ Accession #: 01965-03
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: Mg 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 60.2 s
Total Elapsed Time: 66.2 s
Number of Scans: 2
Effective Detector Width: 0.5 eV

■ Accession #: 01965-02
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: C 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 114.3 s
Total Elapsed Time: 125.7 s
Number of Scans: 3
Effective Detector Width: 0.5 eV
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■ Accession #: 01965-04
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: Mg 2s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 48.2 s
Total Elapsed Time: 53.0 s
Number of Scans: 2
Effective Detector Width: 0.5 eV

■ Accession #: 01965-05
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: Mg 2p

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 108.3 s
Total Elapsed Time: 119.1 s
Number of Scans: 3
Effective Detector Width: 0.5 eV

ARTICLE pubs.aip.org/avs/sss

Surf. Sci. Spectra, 31(2) Dec 2024; doi: 10.1116/6.0003896 31, 024004-10

© Author(s) 2024

 10 O
ctober 2024 12:21:42

https://doi.org/10.60893/figshare.sss.c.7455676
https://doi.org/10.60893/figshare.sss.c.7455676
https://doi.org/10.60893/figshare.sss.c.7455676
https://doi.org/10.60893/figshare.sss.c.7455676
https://pubs.aip.org/avs/sss


■ Accession #: 01965-06
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: Mg KLL

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 152.2 s
Total Elapsed Time: 167.4 s
Number of Scans: 2
Effective Detector Width: 0.5 eV

■ Accession #: 01965-07
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: Al 2p

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 200.5 s
Total Elapsed Time: 220.6 s
Number of Scans: 5
Effective Detector Width: 0.5 eV
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■ Accession #: 01965-08
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: Ti 2p

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 432.8 s
Total Elapsed Time: 476.1 s
Number of Scans: 8
Effective Detector Width: 0.5 eV

■ Accession #: 01965-09
■ Specimen: MgAlTi-LDH
■ Technique: XPS
■ Spectral Region: O 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 80.2 s
Total Elapsed Time: 88.2 s
Number of Scans: 2
Effective Detector Width: 0.5 eV
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Accession #: 01966-01

■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS

■ Spectral Region: Survey
Instrument: ThermoFisher Scientific EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV

Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°

Analyzer Pass Energy: 80 eV
Analyzer Resolution: 0.8 eV

Total Signal Accumulation Time: 136.1 s
Total Elapsed Time: 149.7 s
Number of Scans: 2

Effective Detector Width: 0.8 eV
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■ Accession #: 01966-02
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: C 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 190.5 s
Total Elapsed Time: 209.6 s
Number of Scans: 5
Effective Detector Width: 0.5 eV

■ Accession #: 01966-03
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: N 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 802.0 s
Total Elapsed Time: 882.2 s
Number of Scans: 20
Effective Detector Width: 0.5 eV
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■ Accession #: 01966-04
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: Mg 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 60.2 s
Total Elapsed Time: 66.2 s
Number of Scans: 2
Effective Detector Width: 0.5 eV

■ Accession #: 01966-05
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: Mg 2s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 48.2 s
Total Elapsed Time: 53.0 s
Number of Scans: 2
Effective Detector Width: 0.5 eV
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■ Accession #: 01965-06
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: Mg 2p

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 108.3 s
Total Elapsed Time: 119.1 s
Number of Scans: 3
Effective Detector Width: 0.5 eV

■ Accession #: 01966-07
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: Mg KLL

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 152.2 s
Total Elapsed Time: 167.4 s
Number of Scans: 2
Effective Detector Width: 0.5 eV
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■ Accession #: 01966-08
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: Al 2p

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 200.5 s
Total Elapsed Time: 220.6 s
Number of Scans: 5
Effective Detector Width: 0.5 eV

■ Accession #: 01966-09
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: Ti 2p

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 541.0 s
Total Elapsed Time: 595.1 s
Number of Scans: 10
Effective Detector Width: 0.5 eV
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■ Accession #: 01966-10
■ Specimen: MgAlTi-LDH/gCN
■ Technique: XPS
■ Spectral Region: O 1s

Instrument: ThermoFisher Scientific
EscalabTM QXi

Excitation Source: Al Kα monochromatic
Source Energy: 1486.6 eV
Source Strength: 200 W
Source Size: 0.50 × 0.50 mm2

Analyzer Type: Spherical sector
Incident Angle: 58°
Emission Angle: 0°
Analyzer Pass Energy: 50 eV
Analyzer Resolution: 0.5 eV
Total Signal Accumulation Time: 80.2 s
Total Elapsed Time: 88.2 s
Number of Scans: 2
Effective Detector Width: 0.5 eV
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