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Φ = p ∙ √ 12π ∙ kB ∙ m ∙ T
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hν EkinϕanalyzerEB = hν − Ekin − ϕanalyzer



d
Isub = I0sub ∙ exp (− dλsub)I0sub λsub

I0sub

Iover = I0over ∙ (1 − exp (− dλover))



IoverIsub = I0overI0sub ∙ (exp (dλ) − 1)
d

d = λ ∙ ln (1 + IoverIsub ∙ I0subI0over)

Iorg = I0org ∙ (1 − exp (−dorgλ ))
IMgO = I0MgO ∙ (1 − exp(−dMgOλ )) ∙ exp (−dorgλ )

Isub = I0sub ∙ exp (−dMgO + dorgλ )











r
r = ν ∙ exp (− ERT) ∙ θn

ν E R Tθ n θ



rTST = kBTh ∙ exp (ΔS≠R ) ∙ exp (−ΔH≠RT )
kB h TΔS≠ ΔH≠

νTST = kBTh ∙ exp (ΔS≠R )
ΔS≠ = 0 “standard”



energy, where a simultaneous change of both parameters compensates each others’s error and leads 







the π* with sharp peaks and the σ*

core level electron can be resonantly excited into an unoccupied orbital below (π*
(σ*



the core electrons, a core electron can be resonantly excited to an unbound σ* state. This excitation 

results in broad peaks because the lifetime of the σ* state is significantly shorter than that of the 

π* state

the π* and σ*



a π*
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https://www.wavemetrics.com/
https://www.wavemetrics.com/project/EccentricXPS
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confidence interval (“Threshold”)



confidence interval (called “Threshold” in the program)

μm. At higher intensities, 



“DeepL Write”,(

https://www.deepl.com/write












z≠ zads
vtheory = kBTh ∙ z≠zadskB h T

z≠zads = ztrans≠ztransads ∙ zrot≠zrotads ∙ zvib≠zvibads



Tdes Ix Iy Iz v2D gastheory vmultilayerexp Edes
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Al Kα X

With the Al Kα X

tune the photon energy of an Al Kα X
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, has only a broad σ*

, has both π* and σ*

observed a clear π*

where both protons are transferred. O’Rourke 



clear π*











α O 1s and B 1s spectra of multilayers of 1,4
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anchor group because the lowest energy unoccupied orbital on a phenyl ring is a π* orbital with a 

The observed NEXAFS intensity is, according to Fermi’s Golden Rule, proportional to the |Ψi⟩|Ψf⟩ I ∝ (⟨Ψf|𝐄⃑ ∙ 𝐩⃑⃑ |Ψi⟩)2 = (𝐄⃑ ⟨Ψf|𝐩⃑⃑ |Ψi⟩)2

𝐎⃑⃑ 𝐄⃑ 
I ∝ (𝐄⃑ (ωt) ∙ 𝐎⃑⃑ )2 = (Ex ∙ Ox + Ey ∙ Oy + Ez ∙ Oz)2



t

I ∝ 12π∫ (𝐄⃑ (ωt) ∙ 𝐎⃑⃑ )2d(ωt)2π
0 ∝ (𝐄⃑ 1 ∙ 𝐎⃑⃑ )2 + (𝐄⃑ 2 ∙ 𝐎⃑⃑ )2

𝑬⃑⃑ 1 𝑬⃑⃑ 2 𝑬⃑⃑ 1

P
I ∝ P ∙ (𝐄⃑ ∥ ∙ 𝐎⃑⃑ )2 + (1 − P) ∙ (𝐄⃑ ⊥ ∙ 𝐎⃑⃑ )2

𝐄⃑ ∥ 𝐄⃑ ⊥ P

𝑬⃑⃑ 1𝑬⃑⃑ 2



θϕ
𝐎⃑⃑ 𝐄⃑ 

𝐎⃑⃑ (θO, ϕO) = (sin(θO) ∙ cos(ϕO)sin(θO) ∙ sin(ϕO)cos(θO) ) , 𝐄⃑ (θE, ϕE) = (sin(θE) ∙ cos(ϕE)sin(θE) ∙ sin(ϕE)cos(θE) )

𝜙 𝜃



θE⊥ = 90° ϕE
𝐄⃑ ⊥𝐄⃑ (θE, ϕE)

𝐄⃑ ⊥(ϕE⊥) = 𝐄⃑ (θE = 90°, ϕE + 90°) = (sin(90°) ∙ cos(ϕE + 90°)sin(90°) ∙ sin(ϕE + 90°)cos(90°) ) = (−sin(ϕE)cos(ϕE)0 )
I ∝ P ∙ (𝐄⃑ (θE, ϕE) ∙ 𝐎⃑⃑ )2 + (1 − P) ∙ (𝐄⃑ (90°, ϕE + 90°) ∙ 𝐎⃑⃑ )2

θE ϕE
f4D(θO, ϕO) = 14 ∙ I(θO, ϕO) + 14 ∙ I(−θO, ϕO) + 14 ∙ I(θO, −ϕO) + 14 ∙ I(−θO, −ϕO)

With this equation we can finally describe the angular dependency of the π* peak area and this 





π* . The area of π*



expected angular dependency of the π*



reasonable to calculate the angular dependency of the π* peak area as a 



. It is important, however, to consider that the orbital vector for excitations into the π*

π* peak area

dependencies of the π* peak area with the theoretically predicted ones



: Predicted angular dependency of the π*



: Predicted angular dependency of the π*



edge NEXAFS, two spectral features are important: First, the area of the π* peaks to extract 

While the π

he π* region with a fine 

dow) and the area of the π*



It should be noted that the π* peak 

π* peaks.

the π*

π system, the orientatio





θE∗

θE∗ = acos(√ 13 ∙ P)
P







π* resonances and a third resonance at slightly higher 

he second π*

193.8 eV, while the first and third π



in the π* region of 4



us to look at other effects, such as how the π*

, and for phenylboronic acid, the number of π*

y a hybridization between the π

the phenyl ring and the π system located on the boron and oxygen atoms. If the two π

excited into the π*

if the angle between the two π

rotation, two distinct π* excitations are observed. As the angle between the acid group and the phenyl 



strongest for 0°, where the overlap between the two π

π* reson

significant π* resonances. is also well documented in the literature, where π* 

only a broad σ* resonance at about 198 eV.

no π* resonances, in agreement with experimental NEXAFS 



a tetrahedral boron geometry on the π*

















m ∙ λ = Λ ∙ (sin(θm) − sin(θ))Λ λ θm θm λ

IMI1st I2nd
IM = I1st(ν) ∙ F1st(ν) + I2nd(ν) ∙ F2nd(ν)F1st F2nd



F1st

IM F1st
I2nd c

SM = I1st(ν) + c ∙ F2nd(ν)F1st(ν)



of the π* peak at 283 eV. For the right side, we scale with the average



I1std
SMclean = c ∙ F2nd(ν)F1st(ν) + d

F2nd F1st

c



related π* resonance at 284.9 eV, the low photon energy 

shoulder extends far enough to no longer overlap with the π* resonance of the spectrum. Thus, a 



(110), it is only applicable to systems with no π*

all feature directly in front of the π* resonances. Fortunately, 

a small feature just at the onset of the π* peak. Since it is a small 







dependency of the π* peak area with the experimental results, we suggest that the phenyl rings 



dependency of the π* peak area allowed us to validate our DFT calculations against the experiment. 





vorhergesagten und der experimentell bestimmten Winkelabhängigkeit der π*



Winkelabhängigkeiten der π* Peakflächen konnten die berechneten Strukturen experimentell 
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