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Shenzhen Innovation Light-source Facility (SILF)  IASF musenzismn

SILF is a fourth-generation diffraction-limited synchrotron radiation with an electron
energy of 3 GeV and low emittance of <100 pm-rad, and it provides photons with a
broad range of energy from 4 meV to 160 keV.
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Hard X—gray Spectroscopy Beamlines

Environmental Science and Chemistry Group

: Front Energy Mono- :
Beamlines Key features Experiments
End (keV) chromator y P
v
X-ray coupled TEM v’ Time resolved QXAFS L é’;’;ﬁs
1 Beamline Wiggler 4.8 -30 DCM v' Both high time resolutionand XAFS-TEM
XETEEE R BAFRRuh high space resolution J EvEoLs
Environmental Science v" High detection limit v u-XRF
2 Beamline IvVu22 2.05-16 DCM v" High space resolution v u-XRD
INEBERE, v Element mapping image v u-XANES
High Resolution Hard X-ray v’ High energy resolution for v HERFD-XAS
Beamline VU224 4 -20 DCM&HRM electronic structure analysis v RIXSXES/XRS
B PHEXET i F 2k v MRS v HAXPES
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> X=ray coupled TEM Beamline A museurasns

1. Key features € Time-resolved XAFS

€ X-ray coupled TEM analyses

e
W 2

\" Dr. X. Wang Dr. M. Shu
- \“
Y
Light source Wiggler
Energy range (keV) 4.8 ~ 30
Energy resolution ~104 & _ gy |
Flux at 10 keV (ph/s) 10'*~10" ph/s | PR L Catalysis |
Spot size at sample ( mz) 0.5x0.3 (EHT) E SANS i E Battery |
i PE 2x0.3 (EH2) i XAFS E E Environment E
Key features: 100 ms i EELS i i Archaeology E
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> X=ray coupled TEM Beamline IASF museuzsmss
N

2. Beamline Optics

R 40 period, 1.9T

Wiggler, 50 mm,

I ! H . ﬁ '-—f' l| o 3 I 500x 100 (prad, Hx V)

Rh, Pt

Si(111), Si(311)

White Light Slit

25 2.9 3.1 34; 5 4_0 5_9 6_0 6_4 65 m
Wiggler \’\ ) K

<R

wall Filter

Collimating Mirror

Rh, Pt
HRM ‘,
Sample Spot 1 ~@ Sample Spot 2
(XAFS/QXAFS) siit (XAFS-TEM)
Si, Rh, Pt
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> Xray (‘f‘*oupled TEM Beamline
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3. X-ray tracing and thermal analyses

EH1 EH2
300
o 60 65
200
o o 10 10
0 0 216.55%x193.40 1939.98x278.17
~100 -1o0
200 e 969.15x127.58 345.21x112.65
—300
—400 —200 x[zm] 200 400 —1000 —500 x[zm.‘ 500 1000 1.56E+13 (10 kev) 6.00E+12 (10 kev)

‘j\
CVD ™M DCM
158 304 551
3.81 0.018 2.19
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>X-ray é‘oupled TEM Beamline
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4. Experimental Hutch

EH 1: Universal XAFS hutch
v" Transmission XAFS

v" Fluorescence XAFS

v" Time solved XAFS

EH 2: TEM hutch
v' XAFS-TEM

v HR-TEM

v' EELS

“ 8 m L 37m
| >lq >
Attenuation E== F A
slice .

1'5mIa X HRM [eamoidepot SIt | e oot
==t 1
- E— a

2 5m Optical table Y47 ATEM

iversal XAFS
erimental station
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» X-ray coupled TEM Beamline

Channel-cut

Lytle chamber Solid state detector

Monochromator

TEM XAFS-TEM Silicon drift detector Sample holder
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> X-ray coupled TEM Beamline INgE musenranas

6. User Facilities

X-ray coupled TEM Beamline was equipped with universal XAFS and TEM test, and a diversity of in situ XAFS
devices for catalytical reaction, battery property test, and combined test by XAFS-TEM.

Gas out

. XYZ axis
control

Thermo catalytic |n situ cryogenic device In situ battery cell In situ electrochemical cell

Multi-environmental test
operando cell

Input gas Products — |

Thermo catalytic cell Automated in-situ XAFS In-situ sample holder
battery test system
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> X-ray coupled TEM Beamline IASF musanzsmm

7. Unique features

® Obtain the microscopy morphology ,element distribution and the valence state,

local coordination structure of samples at the same time

Time Resolution

FT [K%(K)]

10?
% & XAFS
9060 0 svec\‘u‘“ aumbe’ ‘

ke[1,m]

Space Resolution & QXAFS
¢ XAFS&TEM
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> X-ray coupled TEM Beamline G

8. Potential applications

® Focus on the structure and chemical properties of catalysis, material science, electrode
material, etc., in order to understand and design better materials

- ~1m s ~1cm s ~1um s~ 1nm

Mg?* + 2e 2 %}j

Reactor Catalyst Pellet Porous Support Active Particles

e I 34‘ o
0:3.\ g‘a‘. q“é".’j Jakes
b s o ’ MgFeSiO,
= @~ o 2 FeSiO, + Mg?* + 2e-
Morphology of industrial catalysts Relationship of structure & activity Li-ion battery fuel cell

® Understanding the affection of environment (temperature, pression, voltage, charge time,
etc.) to control a better operated conditions

C o 1‘;: I/l‘l"“
ISFENIT
_;.N; //Mn / c: = :\ \\A\\ \/\\\:/
QXAFS for electron chemistry QXAFS for supercharge XAFS-TEM for catalysts
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» Environmental Science Beamline IASF msenzemnss
1. Key features € high spatial resolution
€ ultra-sensitive element detection ‘“‘

Dr. M. WANG  Dr. X. LIN

3
3

! HTITMT o S T o .
Rl o | | L1 || [ [:l.@,‘%l } @
Light source Undulator T “_ 1.'-'

Energy range (keV) 2.05~16
Energy resolution ~10+4

Flux at 2.5 keV (ph/s) 10" phis Method Applications

u-XRF, XRF, TXRF, XFCT

Environmental science

Spot size at sample ~600x 600 (EH1) : : E :
(um?) ~0.5%0.5 (EH2) ! u-XANES, XANES L Energy materials |
Space resolution: <0.5 ym | | u-EXAFS, EXAFS Lo Life sciences E

Key features Detection limit: ppb | ! |
Cryogenic system: 10 k I u-XRD, XRD | ' Geological science i
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> Environmental Science Beamline IASF muzenzimsss:

2. Beamline Optics

IVU22, \=22mm, Bmax=1.04T,
Gapmin=5 mm, L=4.5m

T i S A O | | O N ! 84 Angle acceptance 4o 4o

Source

(urad)
Rh 3mrad
Toroidal Mirror Vertical collimation
om 25 31 3 a 465 61 686569 m Horizontal focus
. >
‘ Monochromator Si(111), Si(311)
vu 22
KB Mirror Rh 4mrad
Toroidal
Wall Mirror
Cr(2.05~3.5 keV),

HR Mirror ! Harmonic Reject Mirror Ni(3.0~35.5 keV),
Secondary Slit Rh(9~15 keV),
Sample 1

KB Mirror Sample 2
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> Environmental Science Beamline IS susensssrss

3. X-ray tracing and thermal analyses

EH1 EH2
60 69
2.5 2.5
462.30x475.9 0.23x0.31
35.33x0.63 2258.74x1122.12
OO0 o0 0D, B 200 00 600 ~0.50 -025 000 025 050 2.70E+13 (2.5 keV) 4.67E+12 (2.5 keV)

X Tuml

Code SRW; Power density [W/mm~2]

"Primary slit —

0. 19168
a
5 2
02
ae - 1
00 E o E o
-1
0.2 2
s - 2
0.4
4

Lasear o
Code SRW; Power density [W/mm~2] ) H DCM Code SRW; Power density [W/mm~2] S H
7
3

[ 4“- . -
Primary slit Toroidal Mirror DCM
2473 18 70.27
88.19 0.17 40.02
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> Environmental Science Beamline IS susensssrss

4. Experimental Hutch —
= KRt

EH 1: micro spot size

[—

v' XRF

v TXRF il

v' confocal-XRF st He chamber I KB box He chamber

v XFCT

v XRD
v

XAFS all  slit sample sample wall slit KB mirror sample wall

EH 2: sub-micro spot size
v u-XRF
v U-TXRF
v U-XFCT
v U-XAFS

)

- |
(0%
e
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> Environmental Science Beamline

5. Detectors and Instruments

ion-chamber 36 elements Ge SSD Polycapillary optics

T

Eiger XRD detector 7 elements SDD 7D high precision sample stage

—- — -

\’q ‘C;

|

J )

; v | |
B D = g
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> Environmental Science Beamline

6. User Facilities

Liquid cell Solid sample holder

LHe/LN, cryostat

Liquid OUT

Cu plate: 55 x 28 mm

Liquid IN

Fluorescence

detector
L2
- -
In situ catalytic system
Flow Out
a. b. A Flow In
GC-MS ) E ad ¥
L - .
Gas in “G“a"s:z'\w,m . e,
t A Kaplon TaPS SR
furnace . Gas out PMM ' O
I 33 w0 .'//'/'/.f ’)
X ray in —| .—. X ray out : A :
e . ' ‘3/ " Rubber /:’/;',’ . ; 4
m et wit
e N G lon Tepe ncident X-ay
catalysts
www.iasf.ac.cn
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7. Unique features

® Obtain the chemical composition, element distribution and crystal structure simultaneously

15 1.0 0.5 00 -05 -10 -15
Applied Potential (V)
BN YSZ (2.2,0)

|

Ce0. (3.4.4) Intensity (a.u.)
2 -

h
i

H

i

i

i

|

A

i e ——

1

: - e o YSZ (3.1.1)

i

4 B vsz(1.1.1) XAS
i

i Au(220
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> Environmental Science Beamline IASF musenznss

Institute of Advanced Science Facilities, Shenzhen

8. Potential applications valence states, local Structure

® |nvestigation of the Capacity Degradation

S e . ® Trace Key Mechanistic Features of catalysis reaction
Mechanism in S- containing Batteries
(a) ) . b e T e .
08¢V 1 - S K-edge " s o f \ ‘ i o [O] 9“
N\ _ 04 ‘8 ‘2:‘;9 s B : A J 1 Q 9} AE = x keal/mol @ 9}
- O {Me,.S,, Mg,S), S ) [ 1
3 > 00 e %"‘ | nzvis O oy
_% ;:d -04+ ! Ao % ‘I “ @ A kestimol
E — MgS, 2 -08 O Mg S, g | - |
-12 90 Mg,S, oM 5 . el Q 0 Fe [O] ) [e) Fe
° Mg, S, oS & % 7’ AE;E
2466 U7 2478 2 290 04 05 06 07 08 09 10 1 . P e keailmol [
Photon Energy (V) xin Mg, S,
. el . . . Mn?* ] Mn®*
® Long-term litter decomposition controlled by manganese redox cycling in soil v Mo

" ;a
[
3
a2
< 58
C
normalized absorbance (a.u.)
YO
Az

C
9 "
I: -t )
~lEARl o 52 -
L L L =
= = D 427 point
:yrl:midxm:;llmni iz m \\/’—\¥
O el M,:K) séM o H
Mn puXRF mapping
6530 6580 6630
Photon energy (eV)
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> BEnvironmental Science Beamline IAZF mnsanzsnvss

8. Potential applications chemical composition, elements distribution

® A role for iron and oxygen chemistry ® the process of elemental migration ® Date and understand the
in preserving soft tissues, cells and associated with marine sediments and behavior of migratory fish
molecules from deep time sedimentary rocks

XRF'mapping

20 pm

| Fe u-XANES

[ O S

. Iron . Calcium . Silicon

. Calcium . Titanium
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> High Resolution Hard X-ray Beamline  1AgF mssnzasess

1. Key features € High Energy Resolution 3 % .
J

Dr. T. LIU Dr. H. LI

i n"l-n " & &ﬂ i ) ;

Light source Undulator
Energy range (keV) 4.0-20.0

Energy resolution <500 meV

Application

Rare Earth Materials

Flux at 10 keV (ph/s) 10"~10" phis : RIXS, XES
_ ,  6.0x3.0 (EH1) ! HERFD-XAS Lo Magnetic Materials !

Spot size at sample (um”) ~2.0x1.0 (EH2) ! Lo !
: : : XRS ! E Semiconductor !

- Photon in-Photon out E E : |
ey features Photon in-Electron out | ! HAXPES i ' Ferroelectrics, Multiferroics |

________________________________________________
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>High Resolution Hard X-ray Beamline

2. Beamline Optics

L5 o - e
3 =g Lkl

W)

/s/mm’/mr’/0.1% B.

A.Brilliance (ph

G

Undulator

5 4.00E+021+
:7'. J.00E+021 -
: 2.00E+021 ,
LOOE+021

3 0.00E+000

all
Collimating
Mirror

U24 undulator
source —3

\ S

2000 4000 6000 5000 100001 200014000160001 0000020024000
Harmonic Energy (eV)
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Sample1

Sample1

Collimating Mirror

Primary
Monochromator
(DCM)

Secondary
monochromator
(HRM)

Phase retarder

Kirkpatrick—Baez
Mirror 1

Kirkpatrick—Baez
Mirror 2

Optics
Shape
Type
Energy range
Resolving power
Available reflections
Type
Energy range
Resolving power

Available reflections
Type

Shape

Energy range

Usage

Shape
Energy range

Usage

| ,\a: R SR T RIS
V [ ] Institute of Advanced Science Facilities, Shenzhen

Plane elliptical

LN2 cooled Double Crystal
4-20 keV

<2eV

Si(111), Si(311)

Double channel-cut (+ - - +)
5-20 keV

< 150 meV

Si(400)

Single stage, Single crystal
diamond

Cylinder

4-9 keV (Si)
9-20 keV (Rh)

Vertical & Horizontal focusing
Cylinder

4-9 keV (Si)
9-20 keV (Rh)

Vertical & Horizontal focusing

www.iasf.ac.cn |



> H|gh Resolution Hard X-ray Beamline  IAgF suseuzs

3. X-ray tracing and thermal analyses

EH1
58 64.5
10 10

5.65%x2.29 1.73x1.13

Z[pm]
Z [um]

105.82x45.90 328.81x92.69
I ’ ) 1.19E+13 (10 keV) 8.77E+12 (10 keV)

Code SRW; Pawer density [W/mm~2] Code SRW; Power density [W/mm~2] Code SRW; Power density [W/mm~2]

&
150 06
100 04 04
s 02 . 02 .
£ o E oo E o0
> ¥ S
e -0.2
o 0.2
il
=150 0.6
[ — 08
-0.4 -02 0.0 0.2 0.4 06 -04 -02 00 02 04 06 -08 -06 -04 -02 00 02 04 06 08
[mm] [ H [mm]

Primary Slit Collimating Mirror DCM
2673.64 12.95 84.50
48.38 12.40 18.80
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» High Resolution Hard X-ray Beamline

| I\al: R SR T RIS
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4. Experimental Hutch

EH 1:

v HARFD-XAS
v RIXS/XES
v XRS

EH 2:
v HAXPES
v’ Off-line HAXPES

Shoulder the important task of the times, Light up the light of technology

Preparation Chamber

lon Chamber Sample Analysis
Detector  Chamber

K-B Mirror K-B Mirror

SBCA o HEA

| | | [ ] | ]
50.5m 53m 58m 60m 61m 62.5m 64.5m 67m

v




> High Resolution Hard X-ray Beamline  I1AgF susenssuns

5. Detectors and Instruments

HAXPES Setup

IXS Setup

le Stage SBCA 1D&2D Detector lon Gun UHV chamber
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> High Resolution Hard X-ray Beamline  1AgF zussuzsmnss

6. User Facilities

¢ This beamline will be equipped with unique sample environments (high dc magnetic fields, low/high
temperatures, high pressure).

Manipulator head with Flag type sample holder compartment Phase retarder & Magnetic field generator
Shoulder the important task of the times, Light up the light of technology
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> Migh Resolution Hard X-ray Beamline  1AgF suseszasnss

7. Potential applications

® [ocus on the rare earth materials, magnetic materials, geologic materials et al.

Cerium N, .-edges: 4d - 4f transitions (A/=1, 3,and 5
q dependence 7 . um Nos-edges: 4d ‘ (‘ and3)
k1, @1, €1 petector i Sl okea 0 b
@ - ) A - A i
A N ! = - e AL R
Sample | 20 ; Non-resonant ) . - ,
E N /J g 24GPa S | == . . G
: N\ S : 3 105.pe g —— | 3| A
i N4 Inelastic x-ra 5 10&are 3 e - A
\ kg, 85 ] . 7 GP: o . - w P
: 2@ ’f//Analyzer Scattering s 205ara il e -
- Nmm A | =
q = kg — ky| = |k|sin28 horzaral'| 222 &7 P T o :
280 250 300 310 320 Energy Loss (eV) Energy Loss (eV) AR
Energy loss (eV) Gordon et al., Europhysics Lett. 81, 26004 (2008) sample x
XANES-type XRS, light elements, Q-dependence XRS, I-DOS AR Imag'ngr’]g;ﬁgl tt?cr)?](()jgraphy with
High pressure
Energy dependence 007 T — ©
Experiment Theory a) 1taghy b ¥ ‘
N Detector w P o 0.08 2%65GPa | ool -
\ '] 38.2GPar. L4 -
04 0.05 444 GPar | i -
Sample = 004 I/ oS o % )
' 02 - J \ 467GPar. | v 2
Resonant Kg | waam || t £
00 T u(r:f;' \\‘A— o 1 T S
. \ / HERFD
Inelastic x-ray \ = i — Sn(O)eta
q = fa S oot 1
Scattering i - , —
— 04 -0.01 ok y Y
&~ Analyzer o ] O G ) _ e 3920 3940 3960 3980 4000
' llnunmmr .;xcr:» V) “‘Inuv-uuu-hvm:y @) TN s e 7(!‘5" 7%1.) MDA I pressure [GPa] Energy (eV)
12398.4 il & Soe emission enrgy [eV]
~ 2dsin(90° — §) RIXS-MCD, Spin in the superamagnetic XES-MCD, Spin crossover in the earth materials HERFD, fine edge structure
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> Migh Resolution Hard X-ray Beamline  1AgF zsasroamss

7. Potential applications

» Industrial application
HAXPES :2_12kev e ppL metal
Hard X-ray radiation @ LALngOP\\ Z:::::g:::/ HAXPES
. 2 ‘ |

LiCoO, Operando HAXPES
Al metal — -
Hard X-ray 74 ,‘l E ﬂ hy
. >\ ;

: “‘.3 PR PR PR

) 795 790 785 730 535 530 8 6 4 2 0
30 42 C: (o

Electron analyzer Cell voltage / V Binding energy / eV Carbon Support Binding energy, eV

Microelectronics Battery Catalysts

Intensity (arb. units)

aﬁ;eqo aBJeqos a

CuCr K,,,...mb..w

[peee \

AlMgKa

» Fundamental research

(e) HAXPES hv=6.45 keV

HAXPES hv=6keV T= 60K
— exper; corrected

« Probing Depth == A co f

* Chemical Analysis Tamy £ J’

- Electronic Structure e ol i S e
Binding energy (eV) - e

« Magnetic Ordering
Strongly-correlated materials
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