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Operando XAS, Raman, EPR and IR
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XAS (X-ray absorption spectroscopy) is an element specific method to
investigate the bond angles, bond lengths and coordination numbers.

Atom absorbing x-ray with subsequent

O cy ™ Absorption edges: they correspond to the binding
energies of the inner-shell electrons (K, L, M..).

N
| \ Each chemical element has specific, well-
defined binding energies
Nucleus
. ) XAS spectrum can be divided into different
: _// parts based on the energy range of the X-ray
Incoming x-ray g A beam compared to the absorption edge

Pre-edge: no ionisation occurs

XANES (X-ray Near Edge Structure): E < E°+10 eV

NEXAFS (Near-Edge X-ray Absorption Fine Structure): E9+10<E <E%+50 eV
EXAFS (Extended X-ray Absorption Fine Structure): E >E%+50 eV

HwnN e

http://www.szfki.hu/~nphys/rmc++/EXAFS.htm
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: ' ‘ ' According the fine structure of
| Pre-edge XANES EXAFS
| 200 20 30 i666 the spectrum, XAFS can get the
| IA ;I_ -I J information about the
=~ | | neighboring atoms.
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Electron paramagnetic resonance (EPR)
A technique for studying materials with unpaired electrons.

20 tBuONa + CucCl, D‘;AF - Cui‘(OtBu)v

EPR of CuCl,

2:00 2800 3200 3600
Bo /G

No EPR signal afte the reaction of rBuONa and CuCl, Strange! ! !

Picture from Aiwen Lei
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In-situ EPR
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» A new Cu(ll) spieces was quickly formed
» The consumption of Cu(ll)-species was observed via the in situ EPR
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XANES/EXAFS Studies

; _

121

0.94

o CuCl Standard

CuCl,/DMF solution

§
z
S
2
=
s
=
H
3
z

0.3 4
- CuCl, + 20'8uONa

0.0 CuCl + 20°'BuONa

8960 8970 8980 8990 9000 9010
Energy (eV)

Picture from Aiwen Lei
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Operando IR Study

Cu"(_O’Bu)3Na o, D!\L*
25°C. N

2

Cu'(O'Bu),Na +

Kinetic profiles of the reduction

¢.08 4

The kinetic profiles of 25 °C and -53 °C were shown. No reduction occurs
at -53 °C

Picture from Aiwen Lei



Mechanistic Insight into Transition-Metal Catalysis Revealed by i
Operando XAS, Raman, EPR and IR =
e, 4 VP

A good chance to study the structure of Cu""(O/Bu),Na

~—

CuCl, + 3NaO'Bu —— [Cu"(0"Bu),]Na + 2NaCl

Normalized Absorption

8970 8980 8950 9000 9010
Energy (eV)

Picture from Aiwen Lei
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Picture from Aiwen Lei
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Picture from Aiwen Lei
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C-H Activation on the Cu(l)-Complex

"BulONa = NG reaction

n
(1BuO) LCu'"Na - CulO'BuMa "BuOW

Picture from Aiwen Lei
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Kinetic Profiles

-50°C
Cu'(O’Bu)zNa + ArH -
DMF, N,

ArCu'(O'Bu)Na + 'BuOH

- 53 % vV — IJ\'{CU"’(O fBU. ;NQ}[.‘\II’{]

i 235 ¢
. 20 °C

Cull) C-H bond actvation k= 3_2*10-.‘. mol'Ls!
@ -53°C
£ = 4.8*10> mol'Ls
@ -20 °C

The C-H activation could be completed within 10 mins @ -53 °C

Picture from Aiwen Lei
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Picture from Aiwen Lei
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The C-H activation could be completed within 15 mins @ -33 *C

Picture from Aiwen Lei



Mechanistic Insight into Transition-Metal Catalysis Revealed by i
Operando XAS, Raman, EPR and IR

Cu(Il) C-H

Bond Activation and Reduction

4 t
BuO C':: O'Bu '‘Bu0 1 O'Bu

3
: Na ‘BuO Cu O'Bu Na+Ar:

— [Cu(O'Bu),]Na — [Cu(O'Bu),]Na + ArH

3500

Field (G)

R shows disappearance of Cu(ll) signg hile adding the ArH

Picture from Aiwen Lei
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Picture from Aiwen Lei
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Picture from Aiwen Lei
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Oxidation of [ArCu (OBu)]Na by EPR

Av, W5 )

BuONa,

- ArONa
S0 °C

[ArCu(O'Bu)]Na

— Cu(ll) Species

= [Cu(O"Bu),INa + ArH + 'BuONa, 0,

R ]

Field /G

Picture from Aiwen Lei
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Picture from Aiwen Lei
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Kinetic Profiles bv O erando IR

[ArCu(O'Bu)]Na - '‘BuONa 22

S0te [('BuO),Cu00Cu(0'BuY),] - ArONa

[ArCu(O'Bu)INa 955 ecm?t —
ArONa 757,729 cm' —
[("Bu0),Cu00Cu(0'Bu),] 962 em* —

Picture from Aiwen Lei
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Picture from Aiwen Lei
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Activation of C-H in PAMPAASabsicse Comples
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Thanks for you attention!
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