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The NCPSS's (National Center for Protein Science Shanghai) BLO1B1 beamline is the first infrared beamline at
SSRF (Shanghai Synchrotron Radiation Facility). The optical layout and beam performance of the beamline are
overviewed in this paper. There are two operational experimental stations at BLO1B1 including an infrared
microspectroscopy and imaging station, and a time-resolved infrared spectroscopy station. The equipment and
characteristics of these two experimental stations are introduced. An experimental platform aiming at high

pressure and low temperature IR/Raman investigations is under construction. The applications of the beamline
stations and results obtained under the collaboration of BLO1B1 and user groups are summarized.

1. Introduction

Fourier transform infrared spectroscopy (FTIR) is an effective
method to study samples' constituent species and molecule structures. It
has been widely used in chemistry, life science, pharmaceutical science,
material science, etc. Comparing to synchrotron radiation FTIR (SR-
FTIR) methods, traditional FTIR's functions are limited because of the
brilliance of the light source [1]. Based on the excellent properties of
synchrotron infrared radiation, many infrared beamlines have been
built in the synchrotron radiation facilities all around the world during
the last two decades [1-8]. By using the high brilliance of synchrotron
infrared light, SR infrared microspectroscopy (IRMS) can reach higher
spatial resolution with higher signal to noise ratio than conventional
FTIR, especially when the aperture size below about 20 um. Synchro-
tron radiation infrared light has a wide spectral coverage from near-IR
to even THz region. SR-FTIR is also a non-destructive analytical method
even for live biology systems. Time-resolved experiments can be pro-
ceeded due to synchrotron infrared radiation's specific time structures
and time-resolved functions of FTIR spectrometer.

The BLO1B1 infrared beamline is the first synchrotron radiation
infrared beamline based on a third generation synchrotron radiation
facility in China. The BLO1B1 infrared beamline was built under the
collaboration between NCPSS and SSRF, and then managed by NCPSS.
BLO1B1 started formal run at July 28th, 2015. Two experimental sta-
tions are now under operation. They are the infrared microspectroscopy
and imaging station, and the time-resolved infrared spectroscopy sta-
tion. A high pressure/low temperature platform is under construction.
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The optical system of the BLO1B1 beamline, and the configuration of
experiment stations are presented in this paper. Applications of BLO1B1
and results of user groups are also reviewed.

2. Optical system

Synchrotron radiation infrared light of BLO1B1 was extracted from
the storage ring of SSRF which is a third generation synchrotron ra-
diation facility. SSRF contains a 150 MeV linear accelerator, a 3.5 GeV
booster, a 3.5 GeV storage ring, beamlines and experimental stations.
The main specifications of the storage ring are listed in Table 1.

The optical layout of BLO1B1 is shown in Fig. 1. The detailed design
of the optical system has been reported elsewhere [9]. Bending magnet
radiation (BMR) and edge radiation (ER) are extracted from the storage
ring by a plane extraction mirror M1 and used as infrared synchrotron
radiation light sources of BLO1B1. To assure maximized cone of ex-
tracted radiation and photon flux, the vacuum chamber of BLO1B1 was
modified. The final obtained extraction solid angle at the horizontal and
vertical directions are 40 mrad (—15 to 25 mrad) and 20 mrad (—10 to
10 mrad), respectively.

The plane mirror M1 is located 1.815 m away from the light source
and reflect the incident light by 90° horizontally to a flat mirror M2.
The M1 mirror is slotted in the center to let the intense X-ray and UV
radiation pass through. Otherwise, the overheating of M1 will lead to
serious distortion. M1 is made of Glidcop substrate coated with a ca.
200nm layer of aluminum. The substrate material possesses good
thermal conductance and elevated temperature strength. A photon
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Table 1

Main specifications of SSRF storage ring.
Specification Value
Storage Ring Energy Eb 3.5GeV
Circumference LO 432m
Natural Emittance €0 3.90 nmrad
Multi-bunch Beam current 10 200-300 mA
Single-bunch Beam current Ib 5mA
Number of Straight Sections N 20
Natural Energy Divergence oE 9.7 x 10™*
Radio Frequency frf 499.654 MHz
Couple Efficiency 0.01
Radius of Curvature p 9.1673 m
Magnetic Field BO 1.2726 T

mask is placed in front of M1 to protect the end of the slot near the
electron beam. A beam absorber is positioned behind M1 to dump the
transmitted power. Additionally, the M1 mirror is indirectly water-
cooled, and six temperature sensors are placed slightly inside the slot.
These sensors are linked to a safety interlock system to protect M1.
Once the temperatures of these sensors exceed the set range, the safety
interlock system will work. Moreover, the M1 mirror can be moved at
the vertical direction for maintenance.

After reaching the flat mirror M2, the photon beam is reflected
vertically to a toroidal focusing mirror T1, and then directed through a
hole in the tunnel wall to a wedged CVD diamond window. The CVD
window separates the ultra-high vacuum section of the beamline from
the downstream high vacuum section. Then, the photon beam goes
through a variable slit that blocks the stray lights, and is reflected
vertically downward by another toroidal focusing mirror T2. After T2, a
set of active feedback systems developed at ALS is installed [10], but
they are not in operation since the infrared beam is stable enough and
there is currently no unwanted noise that need to be corrected. Two
dichroic beamsplitters BS1 and BS3 are used to reflect the infrared ra-
diation and transmit the visible light. Two position-sensitive detectors
are installed after the two beamsplitters, respectively. The BS2
beamsplitter are used to control which experimental station the syn-
chrotron infrared radiation is directed into. Two plane mirror M8 and
M9 are used to reflect the synchrotron infrared radiation into the two
experimental stations respectively.

3. Experimental stations

Two experimental stations are under operation at BLO1B1 now.
They are the infrared microspectroscopy and imaging station located
after M9 mirror, and the time-resolved infrared spectroscopy station
located after M8 mirror. A high pressure platform is also under con-
struction at BLO1B1 between these two experimental stations. The in-
frared microspectroscopy and imaging station is mainly used to non-
destructively study sample's composition and spatial distributions of its'
components at a higher resolution level with high signal to noise ratio.
The time-resolved infrared spectroscopy station is used to study dy-
namic processes in the mid-infrared region and the far-infrared region.
The high pressure platform is built to provide in situ infrared and Raman
measurements under high pressure and low temperature experimental
conditions.

Base on the optical system above, the photon flux, focusing per-
formance, signal-to-noise ratio (SNR) and spatial resolution were tested,
results and related measurement methods were reported in detail
[9,11]. Briefly, the photon flux at the entrance of spectrometer are
1.9 x 10'3 phs/s/0.1%bw@300 mA@1 pm for the infrared micro-
spectroscopy and imaging station, and 1.3 x 10'3phs/s/0.1%bw @
300 mA@1 um for the time-resolved infrared spectroscopy station.
Furthermore, the photon flux at the entrance of the spectrometer is
predicted to range from 2.4 x 103 phs/s/0.1%bw@300 mA@1 um to
1.4 x 10" phs/s/0.1%bw@300 mA@1000 pum.
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The synchrotron infrared radiation shows highly collimated nature,
considerable brightness and close to theoretical diffraction-limited
spatial resolution. Curve of signal to noise ratio (SNR) obtained with the
globar source and the synchrotron source (at 230 mA) with different
aperture sizes have been reported [11]. The SNR of the synchrotron
radiation is two orders of magnitude better than that of the globar
source when infrared microscope aperture size is smaller than
15 x 15 um?. According to the reported SNR, when the aperture size is
5 x 5um?, the synchrotron IR source is 350 times better than the
globar source [11]. The intensity in arbitrary units of the peak-to-peak
interferogram values of the synchrotron and globar with different
aperture sizes was shown in Fig. 2. The Nicolet 6700 FTIR spectro-
meter, Nicolet Continuum Microscope, MCT-A detector and KBr beam
splitter were used in the measurement. The peak to peak values were
measured in transmission mode.

The spatial resolution of the infrared microscope was measured
using the step-edge method, and it was in good agreement with the
theoretical diffraction-limited resolution. The spatial resolution in the
horizontal and vertical directions are (0.74 * 0.03)A and
(0.72 = 0.03)A, respectively.

As shown in Fig. 3, the infrared microspectroscopy and imaging
station is equipped with a Nicolet 6700 Fourier transform infrared
spectrometer and a Nicolet Continupm infrared microscope. The spec-
tral range of this station is 600 cm™'-10,000 cm ™, and the spectral
resolution is 0.2 cm ™', The infrared microscope is equipped with a 10 x
visible objective, a 15x and a 32 x IR/visible objective. CaF, and KBr
beamsplitters are equipped in the spectrometer. MCT/A with liquid N,
cooled and TEC InGaAs detectors are equipped in the Continupm in-
frared microscope. MCT/A with liquid N, cooled and DTGS detectors
are also equipped in the spectrometer. Various accessories are available
for different experimental requirements. The spectrometer is purged
with dry air to reduce the water and CO, absorption from the atmo-
sphere inside the spectrometer and microscope.

The time-resolved infrared spectroscopy station is equipped with a
Nicolet 8700 Fourier transform infrared spectrometer with step-scan
mode for high-resolution time-resolved investigations. CaF,, KBr and
PE beamsplitters are equipped in the spectrometer for near-, mid- and
far-infrared investigations. Multiple detectors are available for the
spectrometer. They are the DTGS w/KBr, DTGS w/PE, MCT/A with li-
quid N, cooled, MCT/B with liquid N5 cooled, Si-bolometer with liquid
helium cooled and photodiode MCT detectors. The spectrometer is also
purged with dry air to reduce the water and CO, absorption from the
atmosphere inside the spectrometer and microscope. Various acces-
sories are available for different experimental requirements.

Research in high pressure characterization from synchrotron light
source has seen rapid growth over the latest years [12-16]. Specially,
synchrotron-based high pressure infrared technique provides unique
ability to explore the unknown properties in known matter. Under the
collaboration between the Center for High Pressure Science and Tech-
nology Advanced Research and BLO1B1 beamline, an experimental
platform aiming at high pressure and low temperature IR/Raman in-
vestigations is being developed. The customized system is located be-
tween the two experimental stations. The system contains a Fourier
transform infrared spectrometer, a MCT detector, sample stages, two
objectives with long working distance, a cryostat, and a Raman system
with laser wavelength of 561/660 nm. These inserted devices are
compatible with the synchrotron infrared light to provide in situ in-
frared and Raman measurements under high pressure and low tem-
perature experimental conditions. By using this system, in situ high
pressure synchrotron infrared spectra measurements on organic-in-
organic hybrid perovskites were performed and pressure dependence of
various mid-IR modes have been investigated [16].

4. Applications

There are various applications of BLO1B1 in different research areas
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