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Kinetics in the gas adsorption process of porous coordination polymers by time-resolved
X-ray powder diffraction measurement
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Porous coordination polymers (PCPs) with flexible framework have attracted much attention, because some of them have a high selective
adsorption ability for specific gas molecules and a wide range of applications, e.g. gas separation, gas purification is expected. However,
the mechanism of selective adsorption in PCPs is not unveiled. Crystal structure information of flexible framework and gas molecules
is indispensable for clear understanding of the gas adsorption phenomena in PCPs.

In past decades, crystal structures of desorption and adsorption phases of PCPs were revealed by in-situ synchrotron powder diffraction
measurements. Not only the framework but also the position and orientation of adsorbed gas molecules led to a deep understanding of
the static gas adsorption state [1]. On the other hand, it is very interesting to know how the framework and/or pore surface of PCPs
recognize gas molecules during the gas adsorption process. It will contribute to not only the development of PCPs with superior gas
separation ability, but also the understanding of the whole gas adsorption process. However, there are few studies on the state at the
beginning of gas adsorption process into PCPs. The dynamic structural information, which is the structural change of the gas molecules
and framework in the overall gas adsorption process, will make it possible for us to gain the knowledge how gas molecules begin to
interact with the pore surface and subsequently diffuse into the pores. In general, it is not so easy to elucidate the information on the
early stage of the gas adsorption process by conventional measurement methods such as the adsorption isotherm. In order to obtain the
dynamic structural information, we performed time-resolved synchrotron X-ray powder diffraction (XRPD) experiment in the gas
adsorption process on PCPs.

In this study, XRPD measurements under gas pressure control were performed using the remote gas and vaper pressure control (RGVPC)
system at beamline BL02B2 of SPring-8. The RGVPC system can control the gas and vaper pressure in online, and synchronize it with
the powder diffraction data acquisition to obtain time-resolved data [2]. Using this system, a fixed amount of gas can immediately be
introduced to a powder sample in a glass capillary (gas-shot mode). In the time-resolved XRPD measurement, the exposure time was
set to be 1 s for each measurement. Previous to the measurement, powder samples are heated evacuating to remove guest molecules in
the pore. After that, the temperature is lowered to 195 K and gas-shot measurement for CO; gas started. Such measurements were
performed by changing gas pressure and temperature. Figure 1 shows one of the changes of XRPD pattern of gas-shot measurement for
CO; gas adsorption in CPL-1 [3]. It was found that the CO, adsorption completed within a few tens of seconds after the introduction of
gas. In order to investigate the change of crystal lattice during this adsorption process, Le Bail fitting was performed for each time-
resolved XRPD data. The speed changes of the lattice parameters were slightly different for each axis. Furthermore, the transformed
fraction from desorption to adsorption phase was derived from the change of integrated intensity of specific diffraction peak. The results
show that the transformed fraction strongly depends on the gas pressure and temperature. Its fraction might be related with the
dimensionality of gas diffusion into the pores. These data were analyzed using kinetic method such as the Kolmogorov-Johnson-Mehl-
Avrami (KIMS) theory [4,5]. In the presentation, we will discuss the kinetics and the structural change in gas adsorption process in
comparison with PCPs with different pore size and shape.
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Figure 1. Change in XRPD profile measured by gas-shot mode in the CO2 adsorption in CPL-1 at 195K. The
introduced gas pressure was 39kPa. Data between gas introduction (Blue) and after 80 s (Red) are shown.
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