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Abstract
The dynamics beamline (D-Line), which combines synchrotron radiation infrared spectroscopy (SR-IR) and energy-disper-
sive X-ray absorption spectroscopy (ED-XAS), is the first beamline in the world to realize concurrent ED-XAS and SR-IR 
measurements at the same sample position on a millisecond time-resolved scale. This combined technique is effective for 
investigating rapid structural changes in atoms, electrons, and molecules in complicated disorder systems, such as those used 
in physics, chemistry, materials science, and extreme conditions. Moreover, ED-XAS and SR-IR can be used independently in 
the two branches of the D-Line. The ED-XAS branch is the first ED-XAS beamline in China, which uses a tapered undulator 
light source and can achieve approximately 2.5 × 1012 photons/s·300 eV BW@7.2 keV at the sample position. An exchange-
able polychromator operating in the Bragg-reflection or Laue-transmission configuration is used in different energy ranges to 
satisfy the requirements for beam size and energy resolution. The focused beam size is approximately 3.5 μm (H) × 21.5 μm 
(V), and the X-ray energy range is 5–25 keV. Using one- and two-dimensional position-sensitive detectors with frame rates 
of up to 400 kHz enables time resolutions of tens of microseconds to be realized. Several distinctive techniques, such as the 
concurrent measurement of in situ ED-XAS and infrared spectroscopy, time-resolved ED-XAS, high-pressure ED-XAS, 
XMCD, and pump-probe ED-XAS, can be applied to achieve different scientific goals.
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1  Introduction

The Shanghai synchrotron radiation facility (SSRF) is a 
third-generation synchrotron radiation light source with 
a storage ring energy of 3.5 GeV and a circumference of 
432 m. User operation commenced at the SSRF on May 6, 
2009, with seven Phase-I beamlines fully available to users 
[1–3]. The SSRF Phase-I Project includes only the X-ray 
absorption fine structure (XAFS) beamline BL14W1, which 
is based on a double-crystal monochromator (DCM) [4]. 

To enable rapid investigations into the complicated atomic 
and molecular structures in non-equilibrium dynamic pro-
cesses, the dynamics beamline (D-Line) was constructed at 
the SSRF. It is one of the new beamlines in the SSRF Phase-
II Beamline Project and has enabled simultaneous time-
resolved measurements of synchrotron radiation infrared 
spectroscopy (SR-IR) and energy-dispersive X-ray absorp-
tion spectroscopy (ED-XAS) at the same sample position. 
Using this combined technique, time-resolved dynamic cor-
relation information of local atomic, electronic, and molecu-
lar structures in complicated systems can be obtained simul-
taneously, which is critical for accurately understanding the 
relationship between material structure and function, as well 
as complex physical and chemical phenomena. Furthermore, 
it facilitates investigations into the structure–activity rela-
tionship of catalytic reaction processes, the structural trans-
formation of matter, molecular and nanostructure assembly 
processes, and the surface-interface reaction kinetics of 
materials.

Non-equilibrium states exist universally in the fields 
of physics, chemistry, and life sciences. In general, 
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non-equilibrium states or transient states are typically 
accompanied by order–disorder transitions, complex phase 
behaviors, and the rapid evolution of atomic and molecular 
structures. These intermediate structures and their interac-
tions determine the reaction direction and final products. 
Reaction kinetics is investigated to understand the evolu-
tion of non-equilibrium states and their underlying mecha-
nisms, thus allowing the reaction products to be predicted 
or regulated [5, 6]. To reveal the dynamic behaviors of such 
complex systems, the analysis performed should exhibit 
certain properties: (1) high time resolution to monitor the 
reaction processes, and (2) simultaneous and multiple probes 
to obtain complementary information regarding dynamic 
structures [7, 8].

X-ray absorption spectroscopy (XAS) and infrared (IR) 
spectroscopy are complementary techniques for investigat-
ing dynamic processes [9–11]. XAS is a unique synchrotron 
technique used to investigate the local atomic structure in 
ordered and disordered systems to identify subtle structural 
distortions or to characterize partial and local electronic 
properties, whereas IR spectroscopy reveals molecular struc-
tures by exploiting the fact that molecules absorb specific 
frequencies. In ED-XAS, X-ray energies with a certain band-
width and energy resolution required for XAS measurements 
are dispersed and focused by a bending crystal, and the 
spectra are recorded by a rapid position-sensitive detector 
(PSD) for all X-ray energies simultaneously after absorbed 
by the samples [12, 13]. The positions of the beam incident 
on the detector can be directly correlated with the energy. 
The main advantages of ED-XAS over the typical energy-
scanning XAS are the short acquisition time due to the par-
allel acquisition of the entire spectrum, a beam spot of sev-
eral micrometers due to the natural strong focusing features, 
and high stability during measurement due to the absence 
of mechanical movement. ED-XAS data can be obtained 
within microseconds using a rapid PSD [14–16]. In SR-IR, a 
time resolution of tens of milliseconds can be achieved using 
the rapid scan mode of FTIR. Therefore, using ED-XAS 
combined with IR spectroscopy, complementary structural 
information can be obtained, thus facilitating understanding 
regarding complex physical and chemical phenomena. Many 
scientific fields, such as catalysis, condensed matter physics, 
high-pressure physics, and nanomaterials, will benefit from 
this technique.

Many ED-XAS beamlines exist in major synchrotron 
radiation facilities worldwide. The French LURE was the 
earliest light source used to perform ED-XAS measurements 
[17–19]. Subsequently, the ODE beamline, which is the 
dedicated energy-dispersive XAS beamline at the SOLEIL 
synchrotron light source, was constructed to conduct mat-
ter structure studies pertaining to time-resolved, magnetic 
circle dichroism and structures under extreme conditions 
[20, 21]. ID24 at the European Synchrotron Radiation 

Facility (ESRF), which is the first ED-XAS beamline in 
the world that uses a series of insert devices, can achieve 
a few microns focused beamsize and ~ 1014 photon flux at 
the sample position. It is the first beamline in the world that 
enables investigations into catalysis structures via ED-XAS 
and FTIR (based on the internal source) combined [22, 23]. 
Time-resolved structures of catalysts have been investigated 
at several energy-dispersive XAFS beamlines, such as the 
NW2A and BL-9C, at the Photon Factory in Japan [24–26]. 
The ED-XAS beamlines based on an inserted device source 
have also been constructed at Spring-8 in Japan and the Dia-
mond in the UK [27–29].

The D-Line at the SSRF is the first beamline in the world 
to perform in  situ detections of atomic, electronic, and 
molecular structures of complex systems using the SR-IR 
and ED-XAS combined. The ED-XAS branch is the first 
energy-dispersive XAFS beamline in China. Considering 
national strategic requirements, scientific requirements, and 
methodological characteristics, the D-Line is constructed to 
investigate the following:

•	 The relationships between a dynamic structure and its 
activity in catalytic reactions: dynamic in situ monitoring 
of a catalyst and its process is conducted to understand 
the catalytic mechanism at the atomic and molecular lev-
els, achieve reaction-direction selection and control, and 
regulate the reaction products [30–33].

•	 Phase transitions of condensed matter: the structures and 
phase-transition mechanisms of various substances, high-
temperature superconductors, transition metal oxides, 
and magnetic materials are investigated under extreme 
conditions [34–36].

•	 Assembly process of molecules and nanostructures: the 
electron transfer, energy transfer, and chemical conver-
sion during the evolution of self-assembled structures are 
investigated [37, 38].

•	 Surface and interface kinetics of materials: the molecu-
lar adsorption process, surface and interface formation, 
as well as the structure and properties of materials are 
investigated [39–41].

2 � Beamline

2.1 � Light source

The source of the ED-XAS branch (BL05U) of the D-Line is 
an in-vacuum undulator (IVU) with 98 periods and a period 
length of 22 mm. The maximum peak magnetic field is 0.9 T. 
The IVU light source provides a significantly amount of flux 
photons for rapid time resolution. The energy of the ED-
XAS branch ranged from 5 to 25 keV, which encompassed 
the absorption edges from the Ti K-edge to the Ag K-edge. 
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The required energy bandwidth for XAFS is achieved by 
tapering the magnetic field of the undulator.

The IR light of the IR branch (BL06B) is extracted from 
both bending magnet radiation and edge radiation in the 
storage ring. The extraction solid angles in the horizontal 
and vertical directions are 40 mrad (– 15 to + 25 mrad) and 
20 mrad (− 10 to + 10 mrad), respectively. The brightness 

is two to three orders of magnitude higher than that of a 
blackbody, from near IR to far IR.

2.2 � Beamline layout

The layout of the D-Line and its three endstations are shown 
in Fig. 1. The optics of the ED-XAS branch are shown 

Fig. 1   (Color online) Layout of D-Line and its three endstations

Fig. 2   (Color online) Layout of 
ED-XAS branch

Table 1   Main optics of ED-XAS branch

Main optics Distance to 
source (m)

Specifications Function

Source 0 IVU(tapered): 22 mm period length, 98 periods, 
0.9 T magnetic field

Provide high flux density X-ray for time-resolved XAFS

Filter 19.5 Material: CVD diamond thickness:0.03 ~ 1.2 mm Absorb the low-energy power
DPM 21.7 Shape: plane

Coating layers: Si, Rh and Pt
Incident angle:2.5 ~ 5 mrad

Cutoff the high-energy heat load and reject the high harmonics

HFM 24 Shape: elliptical
Coating layers: Rh and Pt
Incident angle: 3 mrad

Focus the horizontal beam size and enlarge the horizont-all 
divergence up to 1.2 mrad

VFM 46.4 Shape: elliptical
Coating layers: Rh and Pt
Incident angle: 3mrad

Focus the vertical beam size

Polychromator 49.4 Bragg: Si(111), Si(311), 5 ~ 15 keV, elliptical
Laue: Si(311), 5 ~ 25 keV, cylindrical

Energy dispersive and focus



	 Z. Liu et al.153  Page 4 of 12

schematically in Fig. 2. Meanwhile, the main optics param-
eters and their functions are listed in Table 1.

To reduce the heat load at the polychromator, a set of 
C-filters (CVD diamond) is used to absorb undesired low-
energy power, whereas a double plane mirror (DPM) is 
used to cut off undesired high-energy power and reject high 
harmonics. Using this optical configuration, the power den-
sity of the polychromator is reduced to approximately 1 W/
mm2. The filters are classified into four groups, with each 
composed of three exchangeable filters with different thick-
nesses. The four groups of filters can be selected to achieve 
a thickness of 0.03–2.4 mm via different combinations. The 
DPM, which is placed horizontally, is operable in different 
incident angles (2.5–5 mrad) using three different coating 
layers (Si, Rh, and Pt).

A horizontal focusing mirror (HFM) with an elliptical 
shape is used to enlarge the beam horizontal divergence to 
approximately 1.2 mrad to provide a large footprint on the 
bending crystal and thus satisfy the demands of bandwidth 
for XAFS measurements.

The vertical focusing mirror (VFM), which similarly fea-
tured an elliptical shape, is used to focus the vertical beam 
to the sample position. Subsequently, the entire beam can 
be accepted by one-dimensional (1D) or two-dimensional 
(2D) PSDs.

The effect of penetration depth at high energies deterio-
rates both the energy resolution and focal spot shape; there-
fore, a polychromator with Bragg and Laue geometries was 
designed to disperse different X-ray ranges [42]. The Bragg 
geometry, which uses elliptical a bent Si(111) or Si(311) 
crystal, operates at 5–15 keV in the reflection mode and 
delivers a small spot size of 5 μm FWHM in the horizontal 
direction. The Laue geometry, which uses a bent Si(311) 
crystal, operates at 15–25 keV in the transmission mode 
and delivers a large beam measuring dozens to hundreds 
of micrometers in the horizontal direction. Either one of 
the two geometries is used depending on the X-ray energy 
requirements.

Table 2 lists the specifications of the ED-XAS branch of 
the D-Line measured during the commissioning phase. The 
focus beam size in the horizontal direction at the sample 
position reaches 3.5 μm FWHM @Cu K-edge in the Bragg 
geometry, as shown in Fig. 3. This energy resolution is com-
parable to that obtained by scanning the DCM at BL11B 
in the SSRF, as shown in Fig. 4. The flux is approximately 
2.5 × 1012 @ Fe K-edge with a bandwidth of 300 eV. The 
quality of the single Cu XANES remained favorable at an 
acquisition frequency of 40 kHz, as shown in Fig. 5.

In the tapered mode, the width of certain harmonics 
radiated from the undulator is extended sufficiently and the 
bending crystal at a small radius can disperse X-ray energy 
with an adequate bandwidth; thus, EXAFS spectra can be 
obtained at the D-Line. Figure 6 shows the EXAFS spec-
tra of Ni, Cu, Mo, and Ag foil acquired from the ED-XAS 
branch.

Table 2   Specifications of BL05U beamline

Parameters Values

Electron energy (GeV) 3.5
Nature emittance (nm·rad) 4.22
Light source IVU (22 mm period length and 98 

periods)
Energy range (keV) 5–15, Bragg geometry

15–25, Laue geometry
Energy resolution (ΔE/E) ≤ 1.5 × 10–4 @ Cu K-edge
Beamsize (FWHM) 3.52 × 21.59 μm
Flux at sample 2.52 × 1012 phs/s·300 eV BW@7.2 keV
Time resolution 25 μs @Cu K-edge XANES

Fig. 3   Gaussian fit (red line) to derivative of knife-edge scan (black line) on sample position along horizontal (right) and vertical (left) directions
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Figure 7 is layout of IR branch. Flat mirror M1 is placed 
1.806 m below the light source point to extract the IR beam. 
The IR beam is deflected horizontally by M1 by 90° and 
enter plane mirror M2 through the radiation protection wall. 
M2 and M1 are placed 2.209 m apart. Subsequently, the 
IR beam is deflected from the horizontal direction to the 
vertical direction by 90°; it is incident on toroidal mirror T1 
and incident on the CVD diamond window after convergent 
reflection by T1. The distance between T1 and M2 is 0.55 m. 
The main function of the diamond window is to isolate the 
ultrahigh vacuum and high vacuum between the beam line 
and experimental station. To avoid ripples caused by multi-
ple reflections of the window material, the diamond window 
was machined into a 0.5° wedge structure, and the IR beam 
level deviated by 0.69°.

The IR beam enter toroidal mirror T2 after passing 
through the CVD window. The parameters of T2 were 
designed similarly as those of T1 to obtain minimal aber-
ration. Plane mirror M4 is used for beam steering, i.e., 
it reflects the beam to the ED-XAS station for coupling. 
When M4 is inserted into the optical path, the IR beam is 
reflected to plane mirror M5b and pass through a pair of 
toroidal mirrors, T3b and T4b, which featured separate 
meridional and sagittal foci. Subsequently, it is shaped into 
square spots, transmitted to M7b in the matching system of 
the joint line station, and then reflected on collimator T5b 
of the matching system. The collimated beam is reflected 
by plane mirror M8b and then incident on the joint experi-
mental station. When M4 is removed, the IR beam is inci-
dent on the IR-independent experimental station.

3 � Experimental station

3.1 � 2θ ED‑XAS optical bench

The ED-XAS setup was installed on a granite table that 
included the entire surface of the hutch, which provided 
high rigidity and stability for equipment installation. The 
2θ arm with airpad underneath, which is drive by one 
motor, can propagate smoothly around the center of the 
polychromator on the granite table, as shown in Fig. 8. The 
arm is approximately 3.5 m long and its rotation center is 
at the center of the polychromator. The four-dimensional 
sample stage and three-dimensional detector support, 
with 5 μm resolution and a load capacity of 100 kg, were 
mounted on the arm to adjust the sample position and 
detector position. The two stages can propagate along the 
2θ arm by the motor with a resolution of 25 μm. Figure 9 
shows a photograph of the ED-XAS station.

For ED-XAS measurements, the dispersed beam after 
the polychromator is detected using the 1D or 2D PSD 
installed at the end of the 2θ arm to maintain the required 
energy resolution and total energy range. Table 3 lists the 
ED-XAS detectors in the D-Line.

Gotthard II is a 1D detector system based on the prin-
ciple of charge integration with automatic gain-switching 
capability. The detector module is composed of 10 readout 
application-specific integrated circuit wires bonded to a 
single silicon sensor with a 4 mm × 8 mm sensitive area 
that contained 1280 channels at a 50 μm pitch. This detec-
tor is characterized by a high frame rate (400 kHz in the 
continuous mode and up to 4.5 MHz in the burst mode), 
low noise, and spectral-information availability.

The FReLoN 2D camera used in this study features a 
horizontal field of view of 101 mm, a pixel size of 50 μm, 
and 2048 × 2048 pixels, which ensure the required energy 

Fig. 4   (Color online) XANES spectrum of Cu foil obtained via ED-
XAS at BL05U (black line) and DCM at BL11B (red line)

Fig. 5   (Color online) Cu foil K-edge XANES acquired at 40 kHz fre-
quency using Gotthard detector
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resolution and total energy range. This detector is charac-
terized by a short readout time of approximately 1 kHz, a 
high dynamic range, linearity, and spatial (or, equivalently, 
energy) resolution. Figure  10 shows the performance 
yielded by the detector at the D-Line.

3.2 � Experimental methods

Compared with the normal energy-scanning XAFS, ED-
XAS offers the following advantages: (1) acquisition speed 
of microseconds—all energy points are acquired simultane-
ously by the PSD; (2) small focal spot size and high flux; 
and (3) high stability—no mechanical movement during 
acquisition.

3.2.1 � Time‑resolved ED‑XAS

Rapid time resolution is an intrinsic feature of ED-XAS 
due to the parallel acquisition of an entire energy range. 
At D-Line, irreversible structural changes during the reac-
tions or those stimulated via laser heating (~ 3000  K), 
pulse magnetic fields (30 T), and other in situ equipment 
can be detected by rapid PSDs with a time resolution down 

to 2.5 μs. Figure 11 shows the 1000 frame Cu foil K-edge 
XANES acquired at the D-Line under 40 kHz frame rate.

For the reversible ultrafast process, pump-probe ED-XAS 
can be used to detect the transient state structures, where 
the laser pulse “pump” the state from ground to excited, 
and then the delayed X-ray pulse, irradiating from the single 
electron bunch and with a length of approximately 100 ps, 
“probe” the transient structures during de-excitation. Pump-
probe measurements must always be repeated tens of thou-
sands of times to satisfy the requirements of spectral quality. 
The SSRF provides a hybrid mode to satisfy single bunch 
pump-probe experiments during ordinary user time.

3.2.2 � Combined techniques of time‑resolved 
ED‑XAS + SR‑IR

At D-Line, by deflecting the Infrared from the IR branch 
(BL06B) and transmitting it to the focus point of ED-XAS, 
the combined measurement of SR-IR and ED-XAS with 
rapid time resolution is realized using a dedicated in situ 
ED-XAS + IR coupling system. An IR servo system was 
installed before the IR spectrometer in the combination 
experimental station to ensure that the IR system can be 
adjusted at any time based on the X-ray focus position and 

Fig. 6   EXAFS spectra of Ni, Cu, Mo, and Ag foil acquired at ED-XAS branch
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that the parameters of the IR beam can satisfy the require-
ments of the experiment. To realize the coupling of the X-ray 
and IR beams at the sample point, a set of X-ray and IR 
coupling experimental systems that integrated IR focusing, 
spot-position adjustment, spot-position observation, and IR 
spectrum acquisition was developed. The IR spectral range 
of this system is 600–10000 cm−1, the focusing spot size is 
approximately 25 μm@1000 cm−1, and the coupling degree 
of two beams (X-ray and IR) is ~ 10 μm@1000 cm−1.

Two sets of X-ray and IR coupling experimental equip-
ment were developed at the D-Line: ED-XAS combined 
with transmission/reflection IR spectroscopy (Fig. 12), and 
ED-XAS combined with diffuse reflectance IR spectroscopy 
(DRIFTS) (Fig. 13). Based on a dedicated Schwarzschild 
focusing system, infrared and X-rays transmit through the 
sample in the same path, thus ED-XAS and transmitted IR 

Fig. 7   (Color online) Layout of 
IR branch

Fig. 8   Schematic illustration of experimental hutch
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measurements can be performed simultaneously at the same 
sample point. For this coupling experimental equipment, 
samples should have a certain IR transmission fraction. 
This system is based on a BrukerV80v FTIR instrument. The 
highest acquisition frequency is 400 kHz (2.5 μs/spectrum) 
for ED-XAS, whereas it is approximately 110 Hz at rapid 
scan mode (9 ms/spectrum, @16 cm−1 spectral resolution) 
for IR spectroscopy. The entire setup is mounted inside a 
Plexiglas box with N2 flux to minimize the IR signals of 
H2O and CO2. The in situ cell is positioned at the focal point 
of the IR light, and fine alignment is achieved using five-
dimensional motorized motions. The maximum temperature 
achieved is 600 K. The windows are fabricated using CVD 
diamond, which not only allowed the transmission of IR and 
X-ray beams but also enabled the windows to withstand a 
certain reaction pressure.

Fig. 9   (Color online) Photo-
graph of ED-XAS station

Fig. 10   (Color online) Photograph (left) and sequence of Ag foil K-edge EXAFS (right) acquired using FReLoN 2D detector at D-Line

Table 3   ED-XAS detectors in D-Line

Type of the detec-
tors

1D (Si) 1D (CCD) 2D (CCD)

Model Gotthard II 1D PSD FReLoN 2D
Energy range 5–25 keV 5–25 keV 5–25 keV
Pixel size 50 μm 14 μm 14 μm × 14 μm
Pixel number 2048 2048 2048 × 2048
Frame rate 400 kHz (@

continuous 
mode)

4.5 MHz (@
bursts mode)

4000 frames/s ~ 1000 frames/s
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ED-XAS + DRIFTS was developed to investigate the 
samples under operating conditions such as catalysis in 
powder form during solid–gas reactions. The two spectra 
are acquired in situ simultaneously at the near-surface layer 

of the sample. The cell is positioned at the focal spot of the 
diffuse spherical mirror, and fine alignment is achieved by 
the vertical movement of the entire cell and by the three 
motorized motions of the spherical mirror. Additionally, the 
spherical mirror serves as a gathering mirror for the diffuse 
reflection signals from the sample surface. In this configu-
ration, X-rays are transmitted through the powder immedi-
ately below the sample surface, and the diffuse reflection IR 
originated from a sample volume of approximately tens of 
micrometers below the surface. The signals acquired using 
the two techniques are obtained from an almost identical 
sample volume. The small dead volume of the cell allows 
kinetic studies to be performed. The operating temperature 
is 300–873 K. The IR windows are fabricated using CaF2, 
which is transparent in the mid-infrared region, whereas 
beryllium windows are selected for the X-ray beam, which 
allow the cell to withstand a pressure of approximately 1 bar. 
Meanwhile, five different thicknesses of the reactor (sample 
holder) are designed to adjust the sample thickness based on 
the requirement of ED-XAS measurement.

Fig. 11   (Color online) 1000 frames of Cu  foil K-edge XANES with 
frame rate of 40 kHz

Fig. 12   (Color online) Schematic illustration (left) and photograph (right) of ED-XAS + IR coupling system

Fig. 13   (Color online) Schematic illustration (left) and photograph (right) of ED-XAS + DRIFTS coupling system
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3.2.3 � Other methods

Owing to its intrinsic features of a small focus spot and high 
stability, ED-XAS is suitable for studies performed under 
extreme conditions, such as high temperature, high pres-
sure, and strong pulsed magnetic fields [43, 44]. At D-Line, 
ED-XAS is advantageous for high-pressure XAFS measure-
ments involving a diamond anvil cell. Owing to the tapered 
undulator source in ED-XAS beamline, the flux at low 
energy is sufficiently high to overcome the strong absorption 
of the diamond anvils. Moreover, using the time structure 
of the electron bunch in the storage ring and a detector with 
a nanosecond electronic shutter, the time resolution scale 
can be extended to the order of hundreds of picoseconds 
to perform ultrafast XAS, such as laser pump-X-ray probe 
experiments [45].

At D-Line, XMCD benefits from the stability of the 
abovementioned technique because the entire energy range 
of the spectrum is recorded in parallel [46–48]. The XMCD 
is the difference between the two X-ray absorption spectra 
obtained with right- and left-circularly polarized X-rays. In 
the hard X-ray regime, XMCD is bulk sensitive and can 
simultaneously provide information regarding the magnetic 
moment of the absorber atom as well as its local structural 
and electronic properties. Circularly polarized X-rays are 
generated by thin diamond (quarter-wave plates) placed 
between the polychromator and sample. Moreover, a 30 T 
pulsed magnetic field equipment with a cryogenically cooled 
solenoid coil was developed at the SSRF. Its main features 
are a pulse width of ≥ 0.66 ms and a repetition frequency of 
0.02 Hz@30 T. The field repetition accuracy exceeded 0.5%. 
The sample temperatures can be changed from 3.5 to 250 K 
in a He cryostat.

4 � First commissioning results

The combination of SR-IR and ED-XAS allows one to 
simultaneously detect time-resolved atomic, electronic, and 
molecular structures. A mixture of KBr and DL-tyrosine 
was prepared. The thickness of this sample was calculated 
while ensuring certain transmission fractions for both IR light 
(@1591 cm−1) and X-ray (@Br K-edge). At room tempera-
ture, the main absorption peak of DL-tyrosine is located at 
1591 cm−1, which corresponds to the N–H bending vibration 
of DL-tyrosine. At approximately 316 °C, DL-tyrosine will 
break down and the absorption peak at 1591 cm−1 will vanish. 
Based on the characteristics of the samples, the spectrum of 
Br K-edge EXAFS and the IR spectrum of DL-tyrosine are 
measured in transmission mode at room temperature (26 °C), 
200, and 330 °C. This coupling system was triggered by a 
synchronous clock control system. The IR and ED-XAS spec-
tra acquired at different temperatures are shown in Fig. 14. 
The structure of KBr was extremely stable during the heat-
ing process. The structure of DL-tyrosine changed gradually 
with increasing temperature. At 330 °C, the absorption peak 
at 1591 cm−1 disappeared.

5 � Summary and conclusion

The D-Line is the first beamline in the world to realize concur-
rent ED-XAS and SR-IR measurements at the same sample 
position. This combined method is effective for simultaneously 
investigating the atomic, electronic, and molecular structures 
of non-equilibrium processes in the fields of chemistry, phys-
ics, materials, and environmental science. Additionally, other 
distinctive techniques can be used on the beamline to achieve 
different scientific goals, such as time-resolved ED-XAS, high-
pressure ED-XAS, XMCD, and pump–probe ED-XAS. With a 
time resolution of tens of microseconds, a focus spot of several 

Fig. 14   Spectrum of Br K-edge EXAFS and IR spectrum of DL-tyrosine at different temperatures
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micrometers, and high stability, D-Line enables many scien-
tific issues to be investigated comprehensively.
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