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Near ambient Pressure X-Ray Photoelectron Spectroscopy
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1. Photoelectric effect

Electrons leave the metal surface if
condition: E(photon) > frequency threshold (v > v.,i)
The remaining photon energy is then transformed into kinetic energy of electrons

A single photon must transmit enough energy to a single electron

E, : binding energy of electron
Ec=hv-E, E. = ¥%-m-V2, kinetic energy of electron
c=Av...c=3108m-s1, photon

Photoelectric effect (potassium) &
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1.1. Model for the photoelectric effect

* A photonsin a light beam transmit its energy to an electron in the
metal atom.

* The excited electron escapes the attraction of the nuclei and leaves
the surface of the metal.

* Thisis an interaction between a one photon and one electron. : b %

* The photon's energy (Ep) must be greater than a threshold energy Albert EINSTEIN

. ] Nobel prize in Physics
(Ep). The excess energy is transferred to the electron in the form of (1921)

kinetic energy (Ey). m. = mass of electron

v = speed of electron
h : constante de Planck = 6.63 -:103% J.s
e : charge of electron 1.60217662 - 10 As

incoming h-v=E,+E. — h-v=E,+ }-m-?
-/ photon (h-v)
: | A K ' Na ,Zn W
4 ev . o’
"
o measured —A—
| current (l) @ .
| .
| 0 v, : sewlde frequence

adjustable potential (U)



1.2. First photovoltaic panel to charge a battery
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AT&T Bell Laboratories, Murray Hill, NJ, USA, advertisement for first commercial photovoltaic cells (Look
magazine, 1956)
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1. Structure de la matiere
Question

Photoelectric effect

1) What is the significance of the minimum frequency?
2) What is the significance of the slope of the straight line?
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Answer

Photoelectric effect

1) What is the significance of the minimum frequency?
W Vinin. = Ep (Ex=0)

2) What is the significance of the slope of the straight line?

v ‘ _,,""" straight line / EP — (I) + E(. _> l"l/
[ = \

/ 2
O + —my°
2

Il

‘,,,,..”,,hm frequency | >/
‘ - | B = @ % B —S by =@ L Ul = 0)
A |
: P | h-v o
T U = -
Froquency e e
v
dv e
h 6.626069-107 s s s
M = Mass of electron e ™ ]6021766210-19 As = 4135710 Vs

v = speed of electron
h : constante de Planck = 6.63 -:103% J.s
e : charge of electron 1.60217662 - 101° A-s



1.3. Dember effect
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2. Bohr model for the hydrogen atom

Niels Bohr

0 5 10 15 1885- 1962
, === lonization: E = 0 for n = infinite
B it
-Ry - n=
Ry/2 T - n=2 -
-5
>
L,
> Energy varies with 1/n2
5
5 E . Ry
nT T
-11 n
; Minimum energy =-13.6 eV
-R,/12 13 _ n=1 gy
-15 Ry=2.179-1018)=13.6 eV

Rydberg constant



2.1. Quantum mechanical model of the atom

f—i v(r,t)=Ewy(r,t)

Number of (W = Wave function)

electrons: 2n?

d

Principal Secondary Orbital Erwin Schrodinger
Shell (size) shape orientation (1926)

n=3 \ l=1 p +1| 0 [-1]3p T[T
Tl
TV 1
Tl
Tl

Z / "y Spin m,: £1/2
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2.2. Electron binding energy

2s , 2p
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Ref: https://www.globalsino.com/EM/page3959.html




2.3. Geometrical representation of the orbitals

X

Interpretation of W: 2

W2(x) electron presence probability density P = _“LP(X)‘ dx
X
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2.4. Electrons in solids
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~ 3. Photoemmission
B Photoemission energy levels
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Photoemission process — Spicer’s 3-step model
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3.1. Mean free path of electrons in solids
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Ref.: Ch. Kittel, EinfGhrung in die Festkorperphysik, Oldenbourg, 1999.



3.2. Electron intensity vs. depth
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3.3. Total angular momentum j

L symbol J
0 S no splitting
L = orbital angular momentum quantum number 1 P 1/2,3/2
2 d 3/2,5/2
\ 3 f 5/2,7/2

2p1/2 J = total angular momentum quantum number

J=L+S=1x%
N S = spin quantum number (- or +%)

n = principal quantum number (1, 2, 3 .....

i When orbital angular
AJ L S A - mgmentulm L and electron
- spin angular
=4+ 1 s=12\, ¥ =L+S momentum S are combined
J S to produce the total angular
-1 >==4 ;1 Mmomentum of an atomic
. : electron, the combination
process can be visualized in
terms of a vector model.
Both the orbital and spin
momentum quantum | | | angular momentum are seen
number m; 3/2,1/2,-1/2,-3/2 mj 1/2,-1/2 )
as precessing about the

direction of the total angular
Ref: http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/vecmod.html#c2 momentum J.

[

| = total angular



3.4. Electron emission

lonization Relaxation and Emission
X-ray
UV photoelectron photoelectron Auger electron
¢ o ®
Vacuum —

UM o lo

2p3/, 000 2n;, 0 (0L
2 —
P 2p,, oo— 2p, —o—L,

2s . o0 X < 0L,
eN_ hv// Y hy'
\ M/“\ quorecenceM/%k v

l
1s O—@ O—@ K *

Ref: http://www.xpsfitting.com/2009/03/auger-process-and-notation.html, https://ywcmatsci.yale.edu/principle




3.5. Electron binding energy

1054

Binding energy (eV)
o
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Atomic number
Ref: https://www.globalsino.com/EM/page3959.html



Question

1) Compare the number of collisions of gas molecules per unit area with the number
of surface atoms in the same area?

2) What is the mean free path of an electron in air?
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Answer

1) Compare the number of collisions of gas molecules per unit area with the number

of surface atoms in the same area?

Calculate the collision frequency per unit area (Z,,) for oxygen at 25.0°C and 1.00 bar using equation 27.4.1: .
n = particle number density

1N -
Iw = __("') w
av
& o> v
Solution = mean free path between collisions
N molecules = N4 x n, so that - :'r Y — 9
N _(Na)n _ (No)-P | B, &
v v kT o =7 2r)F cross section -
(6.022x10% mole~")(1.00 bar) 2 v -1 % -3 & , 2
=243x 102 L' =243 % 105 m™
(O08319L - bar - mole™ - K-)@98 K) — > X 107 L7 =243 107 m & o - 4
and
1 1
_ (8RT\72 _ (8(8.314J- K" - mol™')(298K) \ 2 _ -1
() = (W) '( x - (0031999 kg) ) = ddmes
Thus = 2/3
surface atoms = (p/M)
2o = %(2.43x ijm'j)(mm-s")(";)%). =270 x 1035~ - em™2 = 2-10%° atoms/m?2 = 2-:10%> atoms/m?

2) What is the mean free path (A) of an electron in air?
1

The mean free pathis A~ —
no

where n is the number density and o is the collision cross section. ¢ = @(re + Fmolecule)

N _ P 1
=—=—=245%x10"m™ A=
"TV T kT 2.45 - 102722107
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Energy: element and chemical state
Intensity: concentration
Angle: location

photon /

electron

Kai Siegbahn
Noble prize 1981

sample
o Ek
Ultra high vacuum: electrons, sample surface @®
S ————- T = E,
USSR A, S E,
Kai and Manne Siegbahn at the % Lanel e | E, valence band
first ESCA spectrometer at the N ¢ Kahes Lid 7
Department of Physics in Uppsala, b S . 1 5
Sweden. b —o—@ o—e— <P
~‘,'. A:,;."“‘F - o ' ’ 2s
O ® 1s
X-ray energy v
E,=hv-E -¢

Ref: Grzegorz Greczynski, Richard T. Haasch, Niklas Hellgren, Erik Lewin & Lars Hultman , “X-ray photoelectron
spectroscopy of thin films”, Nat Rev Methods Primers 3, 40 (2023). https://doi.org/10.1038/s43586-023-00225-y



4.1. X-ray Source — X-ray anode (“lab source”)

Electrons

Tungsten target

7~
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+
voltage

voltage

High voltage
source

- Al Window
m
Filament 1. > \ﬁ)) 4, — Filament
>
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Silver ———

Substrate — Shield
... (Grounded)
Anode ——
15 kV

Anode and filament assembly.
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160 =

140 «

Ko

P
o
'
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@ =
o o
1 '

604

40 4

204

0 T T T T T T T T T T T
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Wavelength (A)

Energy and line widths of available anode materials.

Anode Radiation Photon Line Width
Energy [eV] [eV]

*Mg *Ka *1253.6 *0.7

Al *Ka *1486.6 *0.85

*Zr *La *2042.4 *1.6

*Ag ‘La *2984.3 *2.6

*Ti *Ka *4510.9 *Cr

Cr *Ka *5417 21

Ref.: https://www.thermofisher.com/it/en/home/materials-science/learning-center/surface-analysis/x-ray-
generation.html; http://pd.chem.ucl.ac.uk/pdnn/inst1/xrays.htm
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4.2. Detecting electrons

Analyzer for
kinetic energies

Photon Source

Electron Optics _

% B 2N
Photons . Y . ighot?electrons

R BN
.‘b ";’P”’y

| Sample

Ref.: F. MUller, Saarland University
https://www.specs-group.com
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4.3. Hemispherical electron analyzer

Outer Hemisphere

E, pass

EP:?SS.AE E'I s +AE
Inner
i Voue
Entrance Slit
' [eee]ssee] -
‘ in
Electron Multichannel =
0

Retarding Detector R,

Lenses Rour

ey T T ]

Extraction Lenses
N

Electron Entrance Multichannel
Collection slit detector
- \ | Lenses
T Semple AE =Eo\op+

Electrostatic lenses focus electron to the detector

ineti ic adi AE = luti
Electron kinetic energy is adjusted to the same pass energy resofution

Eo = electron energy
energy (E) | W = slit width
To improve resolution: .

R = mean radius

* lower pass energy oL = acceptance angle
 Decrease slit width P 5



4.4. X-ray photoelectron spectroscopy (XPS)

Sample environment:
* Electrons need to travel to the detector

e Sample surface needs to remain unchanged during the analysis
* XPS needs ultra-high vacuum chamber (10-8- 1010 mbar)

. »
IR
N S
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4.5. Near ambient pressure XPS (NAP-XPS)

Real sample environment:
* Electrons need to travel to the detector (UHV)

* Sample surface needs to interact with gas during the analysis
 NAP-XPS needs sample chamber and ultra-high vacuum analyzer

The first AP-XPS instrument was built by

Kai Siegbahn’s group in the 1970’s
o
ELECTRON-
s |— SPECTROMETER

s e -’ e
| HOCNH, \ LiQuID BEAM ™

Ols Nis Cls

Hy0 w;-. l;ﬂ GA;. le OTS(L.O

INTENSITY

g 8

Ll Ll
?

-
- T s 535 " 40 s v 7% 290 ;
BINDING ENERGY O
— -
LIQUID
PUMP

Ref.: Hans Siegbahn and Kai Siegbahn, “ESCA applied to liquids”, Journal of Electron Spectroscopy and Related
Phenomena, 2:3 (1973), pp. 319- 325



4.6. NAP-XPS analyzer

First Pumping Stage Second Pumping Stage ‘ Fourth Pumping Stage

| (Port cut away

Entrance Slit

Viewport

Photoelectrons

Outer Shielding
Inner Shielding

Gas Inlet Port

Ref.: Perez-Dieste, V. & Aballe, Lucia & Salvador, Ferrer & Nicolas, Josep & Escudero, Carlos & Milan, A & Pellegrin,
Eric. (2013). Near ambient pressure XPS at ALBA. Journal of Physics: Conference Series. 425. 072023. 10.1088/1742-
6596/425/7/072023.

Tomas Hrbek, Peter Kus, Miquel Gamon Rodriguez, Vladimir Matolin, lva Matolinova, “Operando X-ray photoelectron
spectroscopy cell for water electrolysis: A complete picture of iridium electronic structure during oxygen evolution
reaction”, International Journal of Hydrogen Energy, 57, 29 February 2024, Pages 187-197
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5. Spectroscopy

valence
levels
core
‘ levels
Vacuum
Level
Fermi Tvv—
« |Level o valence
% %" lovels
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| =1
w @ hv
eg
23
& W core
12_'_ levels
Ref.:

https://www.bnl.gov/nsls2/userguide/lectures/lec

ture-6-waluyo.pdf

Intensity (arb. units)

Intensity (arb. units)

Measurement: Intensity vs. kin. energy

Spectra from |0 (23-ID-2) beamline, ] ' o |
NSLS-I Metallic copper sample
|
b : H d | |
hv=710eV
e 1 1 1 L
200 200 600 800 1000
Kinetic Energy (eV)

Calculation: E,=hv-E-¢

Inten5|ty vs. binding energy

Cu2p Spectra from 10S (23-1D-2) beamline,
NSLS-I
| , Cu 3p

. Cu3s VB

hv=710eV
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Binding Energy (eV)



5.1. Spin-Orbit peak splitting

Doublets (two peaks) are always ' ' ' ' ' ' cua '
. u
observed for p, d, f orbitals Cu2p,, p\ Pz
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205, | 2N | i
3/2 e P A, \
J:i‘ =S / §=-1/2 S=+1/2 9;50 9150 9:40 ggo 85 810 715 710
Ak 1 Am;'am 2 Binding Energy (eV) Binding Energy (eV)
1 1 f 1 1 1 ] ] Au4lf
=2 =3 ’\ Pd 3d,, - Audfy,
| Aud4f,, |l
7~ "\ RN 3 Pd 3d,, ; ’P\ |
dan dsm fn Yor2 E’ A ' ’ l ’ |
S=-1/2  s=+1/2 | s=-12  s=+12 i '\ | || | \.
Area ratio Area ratio 'g ll fl \ ‘ l
2 : 3 3 : 4 g ‘,’. | || '| |
| ik / .l | |
\ / [ \ / |
PAWA EVAVAY
R f 1 1 1 K . 1 1 1 It —
h’?t // it q hk/ h / ch / 345 340 335 330 92 90 88 86 84 82 80
p://www.cityu.edu.hk/phy/appkchu/z o .
Binding E V Binding E )
ecture-11-XPS.pdf inding Energy (eV) inding Energy (eV)
30

Prof. Dr. Andreas ZUTTEL, e: andreas.zuettel@epfl.ch, m: +41 79 484 2553 ECOMATICS lecture 26.9. 2024



5.2. Auger peaks

Measurement: Intensity vs. kin. energy

e T r . v
Spectra from 10S (23-1D-2) beamline,
NSLS-I Metallic copper sample
2
5
% M ‘ ( >
é \ //"‘/ L\/’N' J\ I
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—_— T N )
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inetc Energy (oV) Intensity vs. binding energy
e — N
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1 0 12 Sy K 1512 Change photon energy:
. XPS binding energy is constant AUgEr pea ks
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2 |1 12 P, L 2pin =
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2 |1 32 P L 2pan ; ) ‘ cus
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3 0 12 S, .\', 35, {; J hv=1170 eV ...’w-ﬁ_”_,,/d \’,“ v‘l‘\/}] Cu 3:5 g VB
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3 1 32 :P;_v M, 3p_._. £ g § o=
3|2 32 "Dy M 3dsa l
3 |2 [s» Dz M 3dez Y
AN hv=1110ev _H__,_,_.——/w/ g II\/}V ! q
Ref ol .k: .1.# : M P L PP EPEPEPEPET BN 1.%'.-":":).Lﬁ—ﬂ—h
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5.3. Electron binding energy

Table 1-1. Electron binding energies, in electron volts, for the elements in their natural forms.

Element Kls L12s  Lz2pyp L32p3p  Mp3s  My3py; Midpyz Mg3ddyy; Ms3dsy  Nyds  Nadpyz  N3dpap
1 H 136

2 He 24.6*

3Li 54.7%

4 Be 1115+

5B 188*

6 C 284.2%

7N 4099%  373*

8 0 543.1% 416

9F 696.7*

10 Ne 8702%  48.5* 21.7+ 21.6%

11 Na 10708t 635+ 30.65 3081

12 Mg 13030t 887 49.78 49.50

13 Al 15596 1178 7295 7255

14 Si 1839 1497*b 9982 99.42

15 P 21455  189* 136* 135%

16 S 2472 230.9 163.6* 162.5*

17 Cl 28224 270% 202% 200%

18 Ar 32059*  3263*  2506F  2484* 293+ 159 15.7*
19 K 36084*  378.6*  2973*  2946* 34.8% 18.3* 18.3*
20 Ca 4038.5% 4384 34971 3462t 4434 25.4% 254%
21 Sc 4492 4980*  4036*  398.7* 51.1% 283+ 28.3*
2 Ti 4966 5609t 4602 4538t 58.7% 32.6% 32,6+

Ref.: https://xdb.Ibl.gov/Section1/Table_1-1.pdf
From X-ray Data Booklet: https://xdb.lbl.gov
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5.4. Elemental analysis

| v | | ] T
nickel
oxygen
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Ref.: Spectra from 10S (23-1D-2) beamline, NSLS-II
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5.5. Chemical analysis

C 15 XPS Ethy i tat
oy rifiuoroacetate Binding energy of an electron is affected by
FRQ B

I the chemical environment of the atom

£7°_C_O_ h_ﬁ_H e Energy shift can be up to 10 eV
\ e This makes XPS a powerful tool for chemical
|

analysis

e You can tell the chemical bonding of the
probed atom

/|, ’ e Bonding to a more electronegative atom a

8 6 4 2 0 shift to higher binding energy
Chemical shift (eV)

Intensity (arb. units)

of

1

In general, higher oxidation state causes a shift to higher binding energy, but... alkali
metals behave the opposite way

Si 2p Si "":‘ 99.3 eV K2p

L
3]
=
N
Intensity (arb. units)

Intensity (a.u.)
1%
o
%
@)
9 E .
S \b

106 104 102 100 98 302 300 298 296 294 292 290
Binding energy (eV) Binding energy (eV)

Ref.: K. Siegbahn, J. Electr. Spectrosc. Relat. Phenom., 5, 3 (1974), Zhang et al. IEEE Trans. Instrum. Meas., 66 1297 (2017)



5.6. Chemical shifts

Silicon (si 2p) in compounds

Compound Zp Binding Energy (eV)
Type
98 101 104

Silicides [

Silicon [

Carbides [

Nitrides

Silicones

Silicates

ilica - Gold (Au 4f) in compounds

4f;5, Binding Energy (eV)
Compound Type 83 84 85 86 87 88
Au -
AuSn [
AuSn4 N
YbAu; -
CIAuPhsP ]
ClAu(PhsP)» -
ClzAuPhsP -
(PhsP)AuNO; [ |
ClAu(PhszAs)
(-AuSPEt:S-)2
Ref.:

http://www.cityu.edu.hk/phy/appkchu/ap5301/L
ecture-11-XPS.pdf

(-AuCH2PEtCH»-)2

-




5.7. Cross section of photoionization

The photoionization cross section o(w) is defined as the
probability per unit area that a photon with a particular
energy will excite an electron and depends on the photon
energy and the element.

\ Carbon

100X 1200 1400 160x

Energy [eV]

The cross section is measured in barn (symbol: b) is a
metrric unit in area equal to 10728 m2 (100 fm?2).

Ref.: https://vuo.elettra.eu/services/elements/WebElements.html

Cross section [Mbarn]
Cross section [Mbarn]

Energy [eV]



5.8. Cross section of different photoelectrons

Cu2p Spectra from 10S (23-ID 2) beamllne
NSLS-II
m Cu LMM Auger
g Cu3p
]
L2
g. Cu 3s
5
= hv=1110eV \/ vB
hv=710eV
L e L
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a
o
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Ref.: https://vuo.elettra.eu/services/elements/WebElements.html
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6. Other effects influencing the spectrum

Shake up and shake off
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P
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. . Binding energy
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Plasmon loss

Al 2s
Al 2p
Plasmon Lines
Plasmon Lines
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6.1. Shake up and shake off

Extra "satellite" peaks appear on the lower

kinetic energy (higher binding energy side)

(@) xpscu2p 932.6 eV
952.4 eV
Cu metal
932.6 eV
952.4 eV
CU2O
933.8 eV

satellites 953.7 eV
satellites

CuO

uhbccupiéd statés
E, valence band E,

h [1 ) ,-'\
2p :

©

o / o 2s ~—
O L 1s z‘

Y Y 7))

shake up shake off 5

s

£

main core level peak
shake-up
shake-off

. Binding energy
Kinetic energy >

Ref.: Khalakhan et al. J. Elect. Spectrosc. Relat. Phenom. 246, 147027 (2021)
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6.2. Multiplet splitting

Observed for compounds that have unpaired

electrons in the valence band

Unpaired core electron interacts with unpaired valence

electron, creating multiple possible final states

— Peak 1-575.7eV, 36%
~ Peak 2 -576.7 eV, 35%
— Peak 3-577 5eV, 19%
~— Peak 4 -578 5eV, 8%
Peak 5-578 9eV, 5%

Peak 1 - Peak2=1.01eV
Peak 2 - Peak 3 =078 eV
Peak 3 - Peak 4 =1.00 eV
Peak 4 - Peak 5 =041 eV

- Cr04

-
Argenem;
e
xpsfitting.com 4
584 58'2 550 5;8 57'6 5;4

Binding Energy (eV)

Ref.: https://www.thermofisher.com/it/en/home/materials-science/learning-center/surface-analysis.html
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6.3. Plasmon loss

Usually observed for metallic surfaces. Outgoing photoelectron excites collective
oscillations of electrons in the conduction band.

Photoelectron suffers energy loss and
extra peaks appear at low KE/high BE

at discrete energy values.

Al 2s

Al 2p

Plasmon Lines

Plasmon Lines

http://www.xpsfitting.com/ L
180 160 140 120 100 80
Binang Energy (eV)

Intensity (arb. units)

Can be strong for Al, which can
interfere with other peaks in the region
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|
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Ref.: https://www.thermofisher.com/it/en/home/materials-science/learning-center/surface-analysis.html




6.4. Charging and charge compensation ~_ .0 7

Photoionization process causes positive charge on the ¢ e

surface

* For grounded electrically conductive samples, the charge is
automatically neutralized

* For semi-conductive and insulating samples, the positive charge
accumulates, photoelectron kinetic energy decreases =

* Effect: shift to higher binding energy, peak broadening, double o
peaks, sometimes no peaks at all

XPS of Supported Catalysts

' T T T * Charge compensation: add electrons back to the
e sample (use an electron flood gun, or with the
= presence of ambient gases)
" XPS Mo/SiO
g 5
[— s
:' .
ie'; real E-atalyst
2
B
: [
g [ charge shift
charge compensation with flood gun B
~  model catalyst -
severe charging e = "
400 300 200 100 0 250 246 242 238 234 230

Binding Energy (eV) Binding Energy (eV)
Ref.: https://iopscience.iop.org/book/mono/978-1-6270-5306-8/chapter/bk978-1-6270-5306-8ch4
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7. Applications

Quantitative analysis

=) hoK

Normalized imensity

l, = peak intensity of element x ===
J = photon flux P e
c, = concentration of element x
A = inelastic mean free path
= photoionization cross-section
K = instrumentation factors
Chemical composition of materials
100
- O1 = - &
90 -~ C o > > b o
+ Fe
80 - Cr y
- S
* 701 /}y&\

v TR
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7.1. Electrode surface analysis

Surface analysis before and after electro-
reduction revealed that the detachment of
citrate capping ligands enhanced the amount of
exposed surface gold and concomitantly
increased the CO-to-H, ratio in subsequent CO,
reduction electrocatalysis.

= z Z
A g = pre B b post
electroreduction - 4 electroreduction
= o
rc\} ; [« < © g-
Zz2 < =] = — a 2 P
n | < © i
N s © o - < o
o= - 2 : 3
< 2 \
y)l’\“ T
T T T T T T T T T T T T
0 200 400 600 800 1000 1200 O 200 400 600 800 1000 1200
binding energy (eV) binding energy (eV)
Fig. 3 Survey XPS data of AuNP-CFP assemblies, collected before gold-to-carbon ratio; highlighted in green are the O 1s and Au 4p core
(A) and after citrate-removal electroreduction (B). Highlighted in yel- level regions, which visualize the surface gold-to-oxygen ratio

low are the C 1s and Au 4d core level regions, which show the surface

Ref.: Ryland C. Forsythe, Connor P. Cox, Madeleine K. Wilsey, Wanging Yu, Astrid M. Muller, “High Surface Area
Assemblies of Gold Nanoparticles on Hydrophilic Carbon Fiber Paper with lonomer Overlayers for Aqueous CO,
Reduction Electrocatalysis to Clean Syngas”, Topics in Catalysis (2024) 67:344-362



7.2. Surface atom core level shift

Surface atoms of a metal can have distinct Surface peak is shifted by adsorbed
binding energy from the bulk atoms molecules
)
c
o
©
s
Z [Rh3d,, $
S iy &
— | hv=360 eV z
£ |45 emission angle
<
2
G
o
2
= ; ; ; . :
308.5 308.0 307.5 307.0 306.5 306.0 305.5 w87 3;6 ‘ 335 ‘ 354 3

Binding Energy (eV) Binding Energy (eV)

Ref.: Gustafson et al. Phys. Rev. Let. 91, 056102 (2003); Simonovis et al. J. Phys. Chem. C 126, 7870 (2022)
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7.3. Distinguish different adsorption sites
Oxygen in CO on bridge (B) and top (T) site Binding of the C to the Pt

‘bridge CO”  “top” CO

Y vis-13c0 |
L3 50 mTorr

—

'R c(4 x 2)-2CO]

XPS Intensity (a.u.)

XPS Intensity (a.u.)

288 286 76 74 72 70
Binding Energy (eV) Binding Energy (eV)
Ref.: Toyoshima et al. Phys. Chem. Chem. Phys. 16, 23564 (2014)
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7.4. Depth profiling

Change photon energy Change emission angle Sputtering
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Ref.: Premkumar et al. Commun. Mater. 2, 72 (2021), Di Bernardo, lolanda “Non-disruptive techniques for depth
profiling in photoemission spectroscopy.”, Nat Rev Phys 3, 459 (2021).
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Surface Science Spectra

|

Introduction to near-ambient pressure x-ray
photoelectron spectroscopy characterization of
various materials

Special Collection: Near-Ambient Pressure x-ray Photoelectron Spectroscopy Volume 26, Issue 1
June 2019

Characterization of Various Materials

Dhananijay I. Patel; Tuhin Roychowdhury; Varun Jain; Dhruv Shah;
Tahereh G. Avval; Shiladitya Chatterjee;

Stephan Bahr; Paul Dietrich ; Michael Meyer; Andreas Thi3en;
Matthew R. Linford

Ref.: https://pubs.aip.org/sss/collection/1638/Near-Ambient-Pressure-x-ray-
Photoelectron



One day someone
ran to the wise

Socrates and asked
him:

The first sieve is the truth.
Have you checked whether
what you want to tell is
true? Have you heard it

yourself and seen it with
your own eyes? ‘

M,

So you don't know if
it's the truth? Then
the first test was
unsuccessful.

To be honest,
I only heard about it

So you want to tell me The third sieve is

bad things about my called utility, Is it
boyfriend and you're == helpful and useful for
not even sure if they're rf me to know what you
true? have to say about my

Prof. Dr. Andreas ZUTTEL, e: andreas.zuettel@epfl.ch, m: +41 79 484 2553 ECOMATICS lecture

Do you know what I Wait a minute, before you tell
Jjust heard about me that, I want to test you
your friend? w+ Wwith the questions of the

——— three sieves.

The second sieve is
goodness. Dann halten deine
What you're trying to tell
me about my boyfriend, is
there anything good or
positive obom’ it?"

Worte auch der

zweiten Priifung
nicht stand.

No Just fhe
opposite! I have
nothing good to say
about him

So if what you are about to
tell me is neither true nor
good nor useful, I prefer not
to know and I advise you to
forget it."
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