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The objective of the research is to observe time resolved diffraction using the
Sakura X-ray Free Electron Laser (XFEL) at Spring-8. XFEL is an intense pulsed X-ray laser which is
capable of time-resolved diffraction. We wanted to utilize the XFEL to study the time evolution of gate
opening behaviour in porous coordination polymers(PCPs). PCPs are a unique class of crystalline solids
which are capable of %as adsorption, separations along with structural deformation. By utilizing one
laser pulse X-ray diffraction and along with a gas dosing apparatus, we have managed to visualize
breathing behaviour of Copper Kagome PCP in CO gas. Our research results will impact the area of gas
separation and storage.
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1. WHEBAR S MO 5

Porous Coordination Polymers (PCPs)
are a new class of crystalline materials
with porosity and designability. Some
PCPs can possess different crystal
structures dependent on the identity of
the guest molecules. The epitome of this
1s gate-opening behavior, in which the
PCP is non-porous until a certain gate
opening pressure (Pg) is reached and
then becomes porous. Gate opening
behavior leads to the possibility of
selective adsorption and separations.
Certain gas pairs such as carbon
monoxide/nitrogen or acetylene/carbon
dioxide are extremely hard to separate
using adsorption due to their similar
physiochemical properties. Gate-
opening behavior with unprecedented
selectivity offers an alternative solution
and thus we need to understand more
regarding gate-opening behavior.

2. WrgEDHI

The aim of this research is to
understand about the dynamics of gate-
opening behavior by preforming real-
time in-situ gas adsorption and X-ray
diffraction using radiation from a X-ray
Free Electron Laser (XFEL). An XFEL
with its laser-like intensity and pulsed
profile offers a unique opportunity in in-
situ diffraction due to the possibility of

single shot diffraction.

3. WHEDTik

PCPs with gate-opening properties were
synthesized and measured with XFEL
radiation from Spring-8 SACLA facility.
After successful ambient temperature
experiments, the sample was enclosed
in a Stirling refrigerator and coupled to
a gas-doser.

4. HFFERE

In this project, our progress were
restricted by our beam times (2-3 per

fiscal year) and the

availability/resolution of our detectors.
From the first beam time in H25, the
sample cell was an open holder and we
could only use a 2-theta 10 degree range
for our detector. We measured static
samples of 1, [Zn(Gp)(bpy); 2,
[Culip)(H20)]; 8, [Zn(5-NOs-ip)(dpe)]
(bpy= bipyridine, Hzip= isophtalic acid,
dpe= 1,2-di(4-pyridylDethylene). Note
the results are obtained for

accumulation of 1000 shots (Figure 1).
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Figure 1: 1000 shot XFEL powder diffraction.

In subsequent beam times, we tried to
obtain structural data via light stimuli by
attempting [2+2] photodimerization with
XFEL
[Zn(Gsopthalic)(bpy)],

previously published . Since the sample cells

laser at 260 nm on 4,
which we have
were sealed capillaries, we repeated the
same irradiation under an atmosphere of
CO:. However we did not observe any
in the diffraction

significant changes

pattern (Figure 2) after numerous attempts.
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Figure 2: XFEL powder diffraction from sample in

capillary with/without light irradiation.



Radicals Catalyzes Aerobic Oxidation
E of Alcohols

Journal of the American Chemical
Society 136(21), 7543-7546 (2014).

(peer reviewed)

Figure 3: Sterling refrigerator and gas

dosing apparatus.

In our last beam time (H27), we were able to

successfully incorporate our gas dosing 2. MLL. Foo, R. Matsuda, S. Kitagawa

apparatus and Sterling refrigerator into the
XFEL hutch (Figure 3). We were able to
obtain time resolved (at 30 Hz resolution) X-
ray diffraction of 5, [Cu(CsFr-isopthalate)] Chemistry of Materials 26(1), 310—
322(2014).

Hybrid Functional Porous Coordination

Polymers

under pressure swing adsorption (0->100
kPa, 100->0 kPa) of CO (Figure 4). This is

promising and subsequent work will focus

(peer reviewed)

on obtaining better data and extending the (Zad) GF 8 1)

range of our MPCCD detectors.
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