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B X-ray Spectroscopy Platforms in SSRF

» BL14W1-XAFS beamline
» D-line/E-line/RMB/Hard X-ray Spectroscopy beamline

B X-ray Spectroscopy Platforms in SHINE

B Application of X-ray Spectroscopy in Catalysis
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v LeOIRKLE  ghectroscopy Methods in BL14W1
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. LERTEMLE  ard X-ray Spectroscopy Beamline

Main Techni ques. P T

a
« Transmission XAFS 3, Nikedge
* Fluorescence XAFS z
* Quick Scanning XAFS 2 08
« Combined XAFS and XRD S o4l -~ Nifoil
£ — h-NiMoFe, air
* Operando XAFS S —  h-NiMoFe, HER
005320 8320 8360 8380
Photon energy (eV)
b

Hard X-ray Spectroscopy Beamline = Nifoil Operando XAS revealed the

— hNiMoFe,air | jntrinsic  hydrogen  evolution

? A hNi : . :
Energy range 5~30 keV = ji T MNMOFeFER | reaction (HER) mechanism of Ni-
< §os .
Spot size 500 X 500 pm? RS i based catalyst with surface
= ™ modification of Fe.
Photon flux 4 X 10phs/s@10 keV, Si(111)

| Energy Environ. Sci. 2021, 14,
=5 4610-4619

2 X 104@10KkeV, Si(111)

Energy resolution 5% 105@10keV, Si(311)

Time resolution ~100 ms




. LEATRMLE Design and Layout of D-line

ED-XAS & IR
Energy range 5~25 keV; 100~1000 cm!
Spot size 20 % 20 um?; 100 %X 100 um?@1000 cm™t

3.8 X 10%2phs/s 300eV BW@7keV;

Photon flux 10%3phs/s 0.1%BW@4200 cm

Energy resolution 2 X 10“*@Cu K-edge; 16cm-t
Time resolution ~10 ms(FTIR), ~60 us(ED-XAS)
In situ cell temperature RT~600K

m —— P T ®Time resolved ED-XAS (~60us)
= - e = T ®Pump-probe ED-XAS (~100ps)
. R, SERR _ ®Extreme condition ED-XAS
e _— Mo gev N IR station (<20Gpa, ~3000K, ~20T...)
- 4 =X \ a// Wit IR station (10~10000 cm1)
PN -_; Ié V%:: ® IR Spectroscopy |
N T2 N / ® IR Microspectroscpy - .
Sl WS . —— ®Nano- FTIR station
//—//_/:_,fﬁ RS -\u 531 A /JT’”! ’
— ﬁﬂww “e .
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I | 7 | s |
ol T IR & ED-XAS station
L L I 2 = 2
= 9508 |

IR & ED-XAS station (10~10000 cm, 5~25keV)
®Time-resolved IR+ ED-XAS (~ms)




- LEASENLE Science Object of E-line

Focusing on surface interface chemistry, electrochemistry, self-assembly,

and photoelectric conversion, etc.

e Measurement methods:
XAS, XES, XRS, APPES, RXES, REXS

{Eleotronic structure

e Occupied state

* Unoccupied state e Understanding the reaction mehanism

* Regulating the reaction performance

N

ESpatiaI dimention

e Surface and interface —Q

EOperando measurement

4
/

200 7
/ Glass/ITO

* Temperature and pressure tts .,.': T
 Electronic/magnetic field NE21.CoMm




S Lisauiti : :
) Shanghat Synch%tmn Radiation Facility DeS I g n an d L a.y O u t Of E-I I n e
7-crystal XES Crystal analyzer
IVU23 Hard Branch
=
hv: 2.3 keV-18 keV
Energy resolution: 4eV@ 6keV
HERFD-XAFS
Merglng branch with hard and soft X-ray
hv: 130eV -10 keV
Soft branch
EPU56 REXS+RIXS

hv: 130eV -2 keVV

Energy resolution: 4000@ 445eV RIXS
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e, RACIOACtIVE Materials Beamline (RMB)
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® -
® 1-XR

HRXPD station(5~50 keV)
® XRD, GIXR
® High Resolution X:ray Powder
Diffraction (HRXPD)

|
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B X-ray Spectroscopy Platforms in SHINE

B Application of X-ray Spectroscopy in Catalysis



ooy LERsaMLE 10 End-Stations @ SHINE Facility

FEL-l Hard X-ray End-stations

* HSS: Hard X-ray Scattering and Spectroscopy

* CDS: Coherent Diffraction Endstation for Single Molecules and Particles
» SEL: Station of Extreme Light

» XFEL + 100 PW Laser System

FEL-Il Soft X-ray End-stations

 AMO: Atomic, Molecular, and Optical Science
e SES: Spectrometer for Electronic Structure
e SSS: Soft X-ray Scattering and Spectroscopy

FEL-IIl Hard X-ray End-stations Tsu-Chien Weng

« HXS: Hard X-ray Spectroscopy

* SFX: Serial Femtosecond Crystallography
« CDE: Coherent Diffraction Imaging
 HED: High Energy Density Science




fi é”i’mm Hard X-ray Scattering & Spectroscopy Endstation

Measuring the element excitation in quantum associated materials in the

case of energy, momentum and time.

INITIAL FINAL FEL-1  (opview NEH

| . RIXS Foi & D ;“:( RL.2 HSS
energy | valence band B HERF D_XAS S -/-mmm\ = —
DCM EM2

D ; Energy range: 3-15 keV

photon in photon out

' ] Temporal and space .:;i
’ Coupling device (1.0*2.4m) J
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—C— Pump laser N
core level /

Rev. Mod. Phys. 83, 705 (2011) Ka' U Zhang Jianwei Meng
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FEL-III

Layout
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HXS
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-

/
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Valve attenuator Mono gjjt CRL Imager KB BPIM Imager T™ :‘lzi‘t,e?‘l;iiln;ﬁ:lvd \ " r};;tal Imager THz Stop
\ y nalyzer
XES/XRS
Spectrometer
Parameters
Parameters Unit Values
Distance from source point m 350
Photon energy range keV 10-25
Si(111):2.0x10* @ 10 keV
X-ray energy resolution (AE/E)
Si(311):5x10-°@10keV
Spot size pm X pm 5~100pm

Experimental techniques

Non-resonant XES, RXES, XAS (XANES,
EXAFS), XRS, XDS and IXS

High Energy Resolution

v2¢XES _//\_J\

RIXS

— L 4

High resolution
spectroscopy

HERFD
XAS

High Time Resolution

>

Energ
[

Hard X-ray Spectroscopy Endstation
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Xing Liu Ruixue Zhu

Probe Probe

Probe
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Difference spectra —— surface information



Aoy LEashhLE Difference technique (Axu)

X-ray X-ray

4
& @ Ap = p(Ad/M) — u(M)

Intermediate Before reaction Difference

Surface sensitive

XANES u(Ads/M)

J\_‘ﬁv mnn) /A\u\/' Shortage: weak intensity

Background Removal Normalization

E(eV) E(eV) E(eV) E(eV)

Phys. Chem. Chem. Phys., 2010, 12, 5514-5534



}'émgf“ﬁf"m In Situ Spectroscopy Reveals Proton Transfer in EDL

O Thermocatalysis:

® Solid-Gas interfacgmﬂow

- e

Building a catalytic reaction model

Packed Bed Reactor

O Electrocatalysis:
® Solid-Liquid interface

—) e
e A0 l -
T /\PN\r Synchrotron Radiation
EDL
| D
Charge Tz._
transfer % %
Fluorescence P
XAS signal
e -

Solvent effect at the solid-liquid interface Helmholtz layer Sub-nanometric catalysts



- M%MM HER @ Sub-Nanometric Platinum

O Characterization Pt()X O Performance >commercial Pt/C
g b e Hao Zhang
§ %1 anmet ~F50] mmm -t
E -104{ —=— SAC-Pt g’ B SAC-Pt 44.9
Z 0.5M < 40
0 L é 20 HZSOA 2 301
00 04 08 12716 g §_30_ -% 20 00 .
| 2-40- 2 10-
O = 0.4 1.4 1.7
020 015 010 005 000 0 20";1\,- 50.mV 100 mV
Potential (V vs RHE) Potential (V VS RHE)
C : .
“2] pome—roms ] 42 /\ —=n | 0O Only 18 mV overpotential at 10 mA/cm?
S 164 ¥ J —— Pt foil
o | /M) < 154 ‘ .
2500\ —aom | 3 101 \ (23mV for commercial Pt/C)
g 8—_ ! —— SNM-Pt % 0.5_‘ 4 ‘k\111575ev
R A R R O high mass activity (19 A/mg Ptvs 1.7 A/mg
0_,,.,; " | ‘. : |A| — 05
0 1 2 3 4 5 6 .
R B) T ;:,Zgy 2;3;’0 "2 pt of PYC at an overpotential of 50 mV)

ACS Appl. Mater. Interfaces 2021, 13, 47252-47261



Lé'ms%"é Operando XAFS Reveals Structural Evolution

a SNM-Pt b
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PtO,— Pt clusters — PtO,

O In high potential region, the white-line intensity decreasing—Pt-C/O bond breaking
O In low potential region, the white-line intensity increasing—increase in hydrogen coverage on the

Pt surface
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Intensity (a.u.)

®  Electrolyte
lelectrode interface

| —
overpotential ". "’

Slow proton transfer

Structure-performance Relationship

Q:p High 0‘ ;’l \Q CQD

Fast proton transfer

The simultaneous increases in Pt—0O (L) radial distance and hydrogen coverage at
the SNM-Pt/electrolyte interface are closely correlated, which implies that more
flexible interfacial water more efficiently transfers the proton through the EDL

Interface and leads to a faster reaction rate for HER.
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Ty Leaginte CO, Reduction Reaction (CO,RR)

OPeaking carbon dioxide emissions before 2030
OAchieving carbon neutrality before 2060

Methanol (y=3) and formaldehyde (y=1)
yH +e) g

e

Formic acid (x=1)
or formate (x=0)

Home and
transportation

:
Industrial
emission

Gas
capture

.:+3.

Electrochemical

_ CO conversion e
)\f_ IKL g.
ﬂfﬁ =
A Energy storage
Electr:cal supply j
in Z(H + &) o B
Renewables Lb .—» a . AN
Ethanol (z=3) and o
Syngas Fuels ~ < >  acetaldehyde (z=1)
Chemlcal + )
fesdstocks | J Mater. Chem. A, DOI: 10.1039/D0OTA03525D ve Dahwene %%
v

Metal industry

1-propanol and
propionaldehyde



oy LasERLE  Synthesis of Ni SAC based on ZIF-8

Although the same synthesis method was performed, different atomic structures
was obtained. The coordination environment of ZIF-8 Ni SACs has not been
determined.
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Aoy LBATEMLE CO,RR based on Ni SAC

a b
a 01 =100+ —m—Ni-N-C
E < —e—N-C
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The production of CO became predominant in the range of =0.5 to =0.9 V. The
highest CO Faradaic efficiency of 99% was achieved at a potential of —0.67 V.

ACS Catal. 2022, 12, 14, 8676—-8686
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Spectroscopy methods uncover the atomic structure
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The Ni species are atomically
dispersed and mainly bonds with

pyrrole-type N species.
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XANES simulation determines fine
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Operando XAFS analysis

0.06 4

0.04

-1.37V

@— ocr
Dry
—1.27V
°—"'°
[+ ]
—Oji'G\\"
—0ﬁ7:?h"““c)

077V

Potential (V vs RHE)

Normalized Ap(E) (a.u.)

0.10

0.05 4

0.00 -

-0.05 4

®
s

®
&

8330 8340 8350 8360 8370 8380 8390 84(
Energy (eV)

The applied potential induced local structure
changes.



Ry LEASRALE XANES simulation
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The change of the structure of the active site regulates the electronic state and
thus affects potential-dependent volcanic selectivity changes.
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High energy resolution of XES



for teossuts  High energy-resolution XES

. hiteli Fermi
4 Intermediate State — . a Lovel
\ net transition
a ‘(‘o lifetime broadening,€*
o T
0 K\ Fmal State [ b
w hy 2
(_B P core hole /\/\/\/\/\'
i v v/ lifetime
o) Energy . broadening
- - v
Transfer
Ground State Q-0 :
Y Conventional XAFS XES

The resolution of X-ray spectroscopy Is related to the life
broaden of the final state.

Heisenberg uncertainty

AE = h/t
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AL e IQN ENErgy Resolution X-ray Spectroscopy
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LsnsktE  Operando XES analysis of Cu,0O/Cu film

500
936 I MAX
S
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5 934 400
[
§
= 932 —_
2 3
o o 300
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MIN 0
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e i Cu foil
< 1 ] 1 1 ] 1 1
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Energy Transfer (eV)
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Incident Energy (eV) Incident Energy (eV) Incident Energy (eV) (b) A B Cu foil
B ]

It is challenging to gain further information
about the structure and chemical state of
these thick samples based only on XAFS
due to the strong self-absorption affect.

Intensity (a.u.)

L 1 1 | 1 | 1
8970 8980 8990 9000 9010 9020 9030

Bingbao Mei, Zheng Jiang*, et al. X-Ray Spectrometry. 2019, 49, 251259  IncidentEnergy (eV)



Ty Leaginte CuPc model catalyst for CO,RR

» Defined atomic configuration of CuN,Cg
» Guiding the study of SACs

S—
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0.7 0.8 0.9 1.0 A4 1.2 0.7 0.8 0.9 1.0 4.1 1.2
Potential (V vs. RHE) Potential (V vs. RHE)

Journal of Energy Chemistry, 64 (2022) 1-7



B Operando XES identified the structural evolution
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Gradual strengthen of contour center at 8980 eV as the
potential increases indicates the formation of a novel structure.



B Peak fitting and LCF determined the component changes
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structural transformation of Cu(ll) to Cu(0)
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B HERFD-XANES Ap analysis
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B HERFD-XANES simulation based on Ap
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