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Electron density layer model parameters as determined by GIXOS

Table S1: Parameters of the HC and HG layer in the electron density profiles as obtained by
GIXOS. ?Fixed according to our earlier work (refs.!?). ®In good agreement with the value reported
earlier for a different surfactant (ref.>).

DMPC POPC C;,DMPO
param. / IT (mN/m) 10 J20 30 [35 10 [20 30 43
Gairmc [A] (£0.5) 25 2.6 2.6 2.7 2.7 2.7 2.7 2.0
dyc [A] (£0.5) 9.2 107 |[11.6 |12.1 |[107 [120 [13.0 | 63
puc [e /A% 0.30% | 0.30* | 0.30* | 0.30* || 0.30* | 0.30* | 0.30* | 0.26"
oucmg [A] (£0.5) 3.6 2.2 2.2 2.2 2.7 2.2 2.3 2.3
dyc [A] (£0.5) 7.6 8.0 8.0 8.3 7.1 7.8 8.0 8.5
puG [e /A3]1 (£0.02) || 043 | 043 |044 |045 | 039 |041 |045 | 035
OuG/wat [A1(£0.5) 1.8 1.7 1.8 1.8 1.6 1.5 2.1 2.3
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Figure S1: Hydrocarbon chain layer thickness dyc of DMPC, POPC, and C1,DMPO monolayers
as obtained by GIXOS as a function of the lateral pressure I1.

Total measured peak intensity

We define the measured total peak intensity Iiy; as the product of the peak height and the peak

widths in Qy, and Q. directions, Iig; = InaxWxyW,. In Fig. S2, Iy} is plotted as a function of f; /A?nol.

The linear relation between Iiy, and f. /A% | is indicated with a linear fit through the origin.
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Figure S2: Representative comparison of the measured and predicted peak intensities for DMPC.
The straight solid line through the origin is a linear fit of the data points.



Compression moduli K and K, of ordered monolayers

Octadecanol is a prime example to discuss the lateral compressibility of highly ordered monolay-
ers. The phase behavior of octadecanol monolayers at the air/water interface has been studied by
standard isotherm experiments, Brewster-angle microscopy (BAM), and GIXD.*® At low IT, the
molecules are tilted in the next-nearest neighbor direction (both diffraction peaks are located at
Q. # 0). Above the tilting transition, the S phase, characterized by non-tilted molecules arranged
in a centered rectangular (distorted hexagonal) lattice (two diffraction peaks at Q, = 0), is formed
at low temperatures. At higher temperatures, only one first-order diffraction peak (LS phase) can
be seen in the powder pattern. The LS phase is optically isotropic.” Although there is no direct
evidence of hexatic order, there are several indirect arguments in favor of such attribution. 10 The
lateral compressibility of octadecanol monolayers has been determined in the isotropic LS phase®

from measurements of A€

¢ o1(I1), where the compression modulus K§ (IT) can also be expressed

according to Eq. 7 in the main text. The data can be compared with K (IT) reconstructed from the
isotherm IT(A? ) provided in reference.* Both data sets were obtained at T = 20 °C. Fig. S3 A

compares IT(A¢

¢ o) and II(A2 ), where always AS | < A2 ' at the same pressure, as expected. The

mol

ordered fraction, f,, has been calculated by using Eq. 6 (main text) and is presented in Fig. S3 B
as a function of Il. The ordered fraction increases almost linearly with I1. Interestingly, f; is at
all pressures very close to 1. This shows, that the defects make up not more than 3-4% of the total
monolayer area even at the lowest pressure. For monolayers undergoing the direct transition from
the gaseous phase to a condensed phase (re-sublimation), the condensed islands are already formed

during spreading. The defects will therefore depend on the solvent and the spreading conditions.

No annealing procedure has been applied in both studies.*®
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Figure S3: (A) IT(A% ;) and IT(AS ;) for octadecanol monolayers at T = 20 °C in the isotropic LS
phase. Dashed lines are linear fits from which K and K3 are deduced. (B) The ordered fraction
fo as a function of the lateral pressure I1.

The compression moduli K§ (IT) and Ka (IT) are compared in Fig. S4. In contrast to the LE
phase, in which the compression modulus K§ decreases gradually with increasing pressure, Kx
virtually does not change with compression (variations in IT), indicating that the packing density
of the octadecanol molecules in the isotropic LS phase is not influenced by compression. Looking
at the numbers at high IT, K¥ is roughly 150 times larger in the LS phase compared to the LE phase.
K decreases only marginally upon compression in the LS phase. Remarkably, Ky is significantly
smaller (factor of 15) than K3. Even if the defects make up only few % of the total area, they

obviously have a large influence on Kj.
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Figure S4: Compression moduli K and K3 of an octadecanol monolayer at 20 °C in the isotropic
LS phase.



Average number of phospholipids in a structurally correlated re-
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Figure S5: Average number of phospholipids in a structurally correlated region, n{ 7, as a function

of the lateral pressure I1. The curve is derived from Eqgs. 3 - 5 and from the linear fit in Fig. 6 D
(all in the main text), as n(I1) = Acorr (IT)/AS  (TT).
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Determination of A2 | of C;,DMPO at II = 43 mN/m with total-
reflection x-ray fluorescence (TRXF)

ol 355 A? was obtained according to Eq. (5) in ref.!! from our measurements at the beam-
line POS of storage ring Petralll with a setup described in ref.? The reference system for the
P fluorescence intensity calibration was a Langmuir monolayer of 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC) at IT = 30 mN/m, and for exclusion layer thickness for C{,DMPO we

assumed d = dyc = 0.6 nm (see Table S1 and ref. 12 for further details).

Meta-stability of lipid monolayers in the LC phase

The equilibrium spreading pressure (Ileq) is an experimental value based on the true thermody-

namic equilibrium (in terms of equal chemical potential) between a monolayer and its solid bulk
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form at the air/liquid interface. The conditions at which spreading occurs depend on the partic-
ular crystal structure of the amphiphile. Phosphatidylcholine lipids are exceptional as they only
commence spreading as chain-melting occurs. With water-insoluble fatty acids and alcohols it
has been well established '3 that dIleq/dT changes sign when chain melting occurs. The maxi-
mum equilibrium spreading pressure of monolayers of fatty acid esters coincides with the melting
temperatures. '* The determination of I1eq is important because it signifies the pressure at which
spread monolayers become thermodynamically unstable with respect to the corresponding bulk
lipid phase. Compressing the monolayer to surface pressures above Ileq leads to the monolayer
collapse and the formation of the surfactant bulk phase. !> However, the kinetics of this collapse can
be extremely slow so that monolayers can be over-compressed to form meta-stable films. When
the bulk phase is liquid-like, collapse usually occurs at Ileq and the monolayers cannot be signif-
icantly over-compressed. In contrast, when the bulk lipid is crystalline, an activation energy to
collapse first has to be overcome, which often allows for a considerable over-compression of the
monolayer. This is why monolayers of phosphatidylcholine lipids in the LC phase can be typically

compressed to very high lateral pressures. '®!7
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