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Assesment of the Sample’s Alignment Quality using Rocking Curves
Figure S1. Uncorrected rocking curve (i.e., normalized
intensities measured as a function of sample angle) from
aligned DPPC multibilayers collected with the detector
positioned at the first order quasi-Bragg maximum.1 Sample
mosaicity was estimated from the Gaussian fit to the central
narrow peak, and determined to be ~0.06 degree. The
underlying broader peak has a σ~0.4 degree.

Figure S2. Uncorrected rocking curves from aligned DPPC
multibilayers prepared with Ca2+ cations collected with the
detector positioned at the first order quasi-Bragg maximum.1
Sample mosaicity was estimated from the Gaussian fit to the
central narrow peak, and determined to be ~0.06 degree. The
underlying broader peak has a σ~0.4 degree.
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Figure S3. Uncorrected rocking curves from aligned DPPC
multilayers with Zn2+ cations collected with the detector
positioned at the first order quasi-Bragg maximum.1
Sample mosaicity was estimated from the Gaussian fit to the
central narrow peak, and determined to be ~0.06 degree. The
underlying broader peak has a σ~0.4 degree.
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Small-Angle Neutron Diffraction Curves
Figure S4. Uncorrected diffraction curves (i.e., normalized
intensities measured as a function of scattering vector) from
aligned DPPC multibilayers and hydrated with 100% (red),
70% (green), 40% (blue), and 8% (cyan) D2O. Data were
collected using the standard symmetric scan mode.2 The
curves were shifted vertically for clarity of viewing.

Figure S5. Uncorrected diffraction curves from aligned
DPPC multibilayers with Ca2+ and hydrated with 100% (red),
70% (green), 40% (blue), and 8% (cyan) D2O. Data were
collected using the standard symmetric scan mode.2 The
curves were shifted vertically for clarity of viewing.

4

Figure

S6.

Diffraction

curves

from

aligned

DPPC

multibilayers prepared with Zn2+ and hydrated with 100%
(red), 70% (green), 40% (blue), and 8% (cyan) D2O. Data
were collected using the standard symmetric scan mode.2 The
curves were shifted vertically for clarity of viewing.
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Control Measurements for Eliminating Silicon Wafer Diffraction Peaks
Figure S7. Diffraction peaks from DPPC:Zn2+=1:0.160
measured at different contrast conditions (points) and
compared to the measurement at a different temperature
(curve) confirm that the peak at q~0.5 Å-1 is from sample,
while that at q~0.67 Å-1 is from the silicon crystal oriented
along 111. The latter may emerge at q~1 Å-1, 0.67 Å-1, 0.5Å-1
due to the monochromator’s higher harmonics (λ/2, λ/3, λ/4).
Figure

S8.

Diffraction

curves

from

aligned

DPPC

multibilayers with Ca2+ at ratio of 1:0.200 and hydrated to the
level of 84% (red) and 97% (green) RH. Changes in
hydration confirm that the peak at q~0.67 Å-1 originates from
Si, as it does not shift with changes in hydration, while there
is a negligible Si peak at q~0.5 Å-1.

Figure

S9.

Diffraction

curves from aligned DPPC
multibilayers

hydrated

to

84% (red), 97% (green), and
100% (blue) RH confirm for
this sample a small Si peak
at q~0.5 Å-1 and q~0.67 Å-1.

Figure S10. Control measurements for DPPC:Ca2+=1:0.1 sample show an absence of Si peaks,
while confirming the 9th order diffraction from the sample in the right-hand graph.

6

Molecular Dynamics Simulations
Figure S11.

MD simulations using

GROMACS 5.0.4 were performed on the
system of cation loaded DPPC bilayers
(DPPC:Me2+=1:0.143

mol/mol).

The

area per lipid was utilized for assessing
simulations

converged.

Equilibration

was achieved after 30ns, while the
production run continued till 50ns.
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Figure S12.

Comparison of neutron
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scattering form factors obtained from
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simulations
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(lines)

and

experiments

(points) for DPPC bilayers hydrated with

8% D2O

100% (red), 70% (green), 40% (blue),
and 8% (cyan) D2O solution. The bottom
panel shows the simulated neutron
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Figure S13.
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Comparison of neutron

100% D2O

scattering form factors obtained from

70% D2O

simulations

40% D2O

(lines)

and

experiments

(points) for DPPC+Ca2+ bilayers in

8% D2O

100% (red), 70% (green), 40% (blue),
and 8% (cyan) D2O solution. The bottom
panel shows the simulated neutron
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Comparison of neutron

100% D2O

scattering form factors obtained from

70% D2O

simulations

40% D2O

(lines)

and

experiments

(points) for DPPC+Zn2+ bilayers in

8% D2O

100% (red), 70% (green), 40% (blue),
and 8% (cyan) D2O solution. The bottom
panel shows the simulated neutron
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Figure S15.

Schematic showing the

united atoms naming convention for
DPPC as employed in our simulations.
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