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off-specular diffuse scattering
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Fig. 2 Schematic view of the liquid interface reflectometer at the SPring-8 BL37XU beamline

Cr, Ge 111 deflecting crystal monochromator ; IC, ion chamber ; S1 and S2, slit systems.
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The present data (@), and those measured at APS
(*), and using an X-ray tube (L. The solid curves
represent the theoretical predictions based on the cap-
illary wave model and are calculated using Egs. (1) ~
(4). with Ry denoted by the dashed curve.
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Fig.5 Electron density profile for an aqueous
[C1omim]Cl solution corresponding the fits to the
reflectivity data shown in Fig. 4

The inset shows the structure of the surface monolayer
predicted by the electron density profile.
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Fig. 6 Structure of hen egg lysozyme (PDB ID 1 Ima)
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Fig. 7 Protein injection system

The protein solution was injected into the buffer solu-
tion at pH 7 using a liquid dispenser. The surface
pressure was monitored throughout using a Wilhelmy
plate mounted on the trough.
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sponding the fits to the data.
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(a) X-ray reflectivity profiles measured 1 min after LSZ injection.
data were divided by the Fresnel reflectivity of the air/buffer interface.
continuous lines are the fit to the data.
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Fig. 9 Time dependence of electron density profiles
with bulk concentration of (a) 1 mg/mL and (b) 0.01
mg/mL

The curves are the fits to the reflectivity data.
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Fig. 11 Schematic diagram of the LSZ adsorption process

(1) LSZ molecules initially adsorb as a monomolecular structure with a flat unfolded confor-
mation, forming antiparallel B-sheets as a result of hydrophobic interactions with the gas
phase ; (2) LSZ molecules form a monolayer and begin to protrude their hydrophilic groups
towards the water phase ; (3) A second layer forms in which the molecules have a very loose
structure having random coils as a result of hydrophilic interactions with the hydrophilic
groups that protrude from the first layer ; (4) LSZ molecules form a multilayer in which the
molecules might have a very loose structure having random coils.

(a) Buffer solution
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Fig. 12 Enlarge picture of an X-ray specular reflection image at o = 1.5° of (a) buffer
solution and (b) LSZ in the buffer solution

The units of the axes x and z are pixels. Each square corresponds to a pixel with
dimensions of 172 X 172 um.
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Fig. 13 Excess scattering from the inhomogeneous
LSZ film adsorbed on the buffer solution with 2M NaCl

The solid curves are the best fits obtained using the
inhomogeneous model with & = 500 A and &, = 3.0 A.
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X-ray reflectivity measurements of liquid surfaces were demonstrated using a recently devel-
oped liquid interface reflectometer at SPring-8. The reflectometer has two features superior to
other surface-horizontal spectrometers currently available at synchrotron facilities around the
world : achieving quick measurements and investigating the surface structure for both vertical
and horizontal directions simultaneously. We demonstrated X-ray reflectivity measurements of
an aqueous ionic liquid, and time-resolved measurements for the adsorption process of a globu-

lar protein lysozyme on a water/air interface.

X-ray specular and off-specular reflection was

also investigated to analyze the out-of-plane and in-plane structures of lysozyme adsorbed at an

air/water interface in the presence of a salt.

Keywords : X-ray reflectivity ; off-specular diffuse scattering ; air/water interface ; adsorption-

induced protein unfolding.



