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SUMMARY

Neutron structural investigation of confined water assembly inside zeolite LTL channel

The assembly of water molecules in nano-confinement is of fundamental importance in understanding many
chemical and biological interactions between water and matters. Host-Guest interaction in porous materials like
zeolites has been used as a model system to study confined water molecules. X-ray investigation of zeolitic
water molecules is inherently limited due to weak scattering from hydrogen and hence neutron diffraction is

better suited for understating the assembly and evolution of the water molecules in nano-confinement.

Zeolite LTL (K1AlLSizsO7wH20) contains the guest water molecules in its host quasi-1D channel. It is
composed of stacked cancrinite cages, to form double-6-rings, elliptical 8-rings, and undulating 12-ring
channels in an increasing scale of nano-confinement. Along the 12-ring channels (~7.4A diameter), X-ray

model shows that water molecules are exclusively located to form alternately water clusters and layers.

For detailed study of water assembly, a synthetic potassium gallosilicate LTL (Ki1Ga106Si2s57072:15.1H,0) has
been exchanged with D20 molecules and characterized by neutron diffraction using monochromatic neutron
beam with 1.8345A wavelength at high-resolution powder diffraction (HRPD) beamline in HANARO reactor at
Korea Atomic Energy Research Institute (KAERI). To explore the evolution of confined water assembly as a
function of temperature, graphite furnace and helium refrigerator were used to collect data at RT, 100°C, 25
0T, 10K, and 100K, respectively. The structure refinements were performed by Rietveld methods using GSAS
suite of programs and a starting model from previous synchrotron X-ray diffraction study.

Difference fourier density calculation shows 5 additional sites as deuterium positions. The refined average
distances of D-OW and D-D were 0.989(1) A and 1.605(7) A, respectively, which complies with the geometry
of water molecule. The central water oxygen site, OW2 (Z=1/2), shows a partial occupancy of 0.2727(5)
surrounded by deuterium atoms, D21, these in turn link to 12 neighboring oxygen atoms, OWS (Z=~1/3), via
hydrogen bond distance of 2.042(3) A. The surrounding water oxygen sites, OWS3, then bond to host
framework oxygen, Ol via hydrogen bonding within distance range of 2.5~3.0 A. The OW2 water and its
neighboring OWS5 water thus make water cluster inside 12-ring channel. Inter-layer water oxygen, OW3 (Z=0)

then bridges the water clusters and complete the confined water nano-assembly.

Interestingly, the caiculated water contents are 9.2 D,O molecules per unit-cell which correspond only to 60
percent contents of the unexchanged form (15.1H,0). This is probably due to insufficient rehydration kinetics
during DO exchange process. We find that with insufficient level of hydration, water clusters at Z=1/2 are
preferentially filled, followed by occupation of the bridging water layers at Z=0 to complete the entire water

nano-assembly.
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