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S.1 Relaxation isotherm

The relaxation of a GO film at the air-water
interface is slow. Indeed, as can be seen on
Figure SI 1, at high surface pressures (starting
at about π = 45 mN.m−1), the surface pressure
decreases by π = 15 mN.m−1 over a period
of five hours. The film of GO is rather stable
at the air-water interface, even at high surface
pressures.

S.2 Fitting x-Ray Reflec-

tivity spectra

The fitting was performed using the GenX soft-
ware.

Let r′j−1,j be the Fresnel reflectivity in the ab-
sence of multiple reflections between the layers
j − 1 and j and rj−1,j be the reflectivity at the

rough interface between the layers j − 1 and j:

rj−1,j =
r′j−1,j + rj,j+1e

−2i∆jqz,j

1 + r′j−1,jrj,j+1e−2i∆jqz,j
e−2qz,j−1qz,jσ

2
j−1

with qz,j =
√
qz − 16πreρe,j − i32π2βj

λ2
,

where re is the classical electron radius and βj
is the adsorption coefficient of the j layer.
The quality of the fits was evaluated using the
Figure of Merit (FOM) provided by the soft-
ware, which computes the difference between
the logarithms of the experimental data and of
the simulated data. The FOM are provided in
the following sections.

During the adsorption

To have a rough idea of the expected density,
we consider that a unit cell of graphene con-

tains two carbon atoms on a surface of 5.2 Å
2
.

Furthermore, the expected thickness of a not
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Figure SI 1: Evolution of the surface pressure
with respect to time of a GO film at high surface
pressures π.

hydrated GO sheet is of about 6 Å as shown by
Vorobiev and coworkers who studied the GO
hydration by using neutron reflectivity1. This
cell contains about 2 atoms of carbons, 0.8 of
oxygen, and 0.24 of hydrogen. Thus, the den-
sity ρ is of about:

ρ =
2 ∗ 12 + .8 ∗ 16 + 0.24 ∗ 1

6.022 ∗ 5.2 ∗ .6
= 1.97g.cm−3

ρ is the highest density reachable in a dry en-
vironment. If we take into account the water
molecules, we expect a thickness of about 10 Å
leading to a maximum density for GO sheets
with water molecules is of about 1.99 g.cm−3.
This is to be expected since the increase of the
thickness of a GO sheet once hydrated is pretty
significant, compensating the increase of elec-
tron carriers.

Reflectivity spectra shown on Figure SI 2 were
recorded over a period of five hours after the
spreading of GO to monitor the change of XRR
signal during the adsorption of GO sheets at
the air-water interface. The spectra were per-
formed with completely open barriers and do
not undergo huge change during this period of
five hours. This could indicate either that noth-
ing changed or that few things changed but
were not statistically relevant enough to mod-
ify the detected intensity. Table SI 1 groups the
fitting parameters for this model. One could ex-
pect that only one layer of GO sheets get inter-
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Figure SI 2: Reflectivity spectra of GO at the
air-water interface at π = 0 mN.m−1 with re-
spect to relaxation time.

faced between the air and the water. However
the fits lead to a 20 Å thick layer. Using the two
layers model, the two different layer parameters
can not be differentiated at such a surface pres-
sure. Thus, the model we proposed is made
by two similar layers, as shown on Figure SI 3.
Each of these two layers has a thickness of about
9.5 Å, and a density of about 1.29 g.cm−3, in
agreement with a diluted region. Such a thick-
ness and vertical spacing of the sheets are co-
herent in highly humid conditions as expected
at the air-water interface. Figure SI 4 shows the
evolution of the fitting parameters over time at
the air-water interface.
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Figure SI 3: Schematic model of the double
layer of GO at the air-water interface.
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Figure SI 4: Evolution of (a) the thickness, (b)
the density and (c) the roughness fitting param-
eters for the reflectivity spectra of GO at the
air-water interface with respect to relaxation
time.

Table SI 1: Fit parameters of XRR spectra of
GO adsorption at the air-water interface.

Relaxation Thickness Roughness Density FOM
time
(hours) (Å) (Å) (g.cm3)
1 19.4 5 1.31 0.028
3 20.2 4.3 1.25 0.024
5 19.2 4.7 1.28 0.024

During the compression

Figure SI 5 shows the different spectra and fit
curves under compression. Table SI 2 details
the fitting parameters for the two layers of GO
sheets at the air-water interface.

Table SI 2: Fit parameters of XRR spectra
of GO compression at the air-water interface
(Layer 1 in contact with the air, Layer 2 in con-
tact with the water for each surface pressure π).

π Layer Thickness Roughness Density FOM
(mN.m−1) (Å) (Å) (g.cm3)
0 1 10 5 1.3 0.026

2 10 5 1.3
5 1 10.6 5.2 1.1 0.018

2 10.1 1.2 1.5
20 1 12 6.4 1.2 0.020

2 10 .8 1.5

Conservation of quantity ρ × V for the
two layers Let Vb, Sb, eb and ρb be respec-

tively the volume, the surface (determined as-
suming a hexagonal network using GIXD ex-
periments), the thickness and the density of the
buried layer, Vu, Su, eu and ρu be respectively
the volume, the surface, the thickness and the
density of the upper layer (in contact with air).

If the matter quantities are equal,

ρb × Vb = ρu × Vu ⇐⇒ ρu
ρb

=
Vb
Vu

At π = 20 mN.m−1 :

ρu
ρb

=
1.2

1.5
= .80

Vb
Vu

=
Sb × eb
Su × eu

=
(4.2)2 × 10

(4.31)2 × 1.2
= 0.79

i.e. ρb × Vb = ρu × Vu
Thus, the matter quantities are equal between

the two layers. The density of the upper layer
is smaller because each sheet occupy a larger
space than sheets of the buried layer.

S.3 AFM transfer

The transfer ratio of Langmuir films on solid
surfaces is calculated as followed2:

τ =
Asubstrate
Atrough

,

where Atrough is the area variation of the trough
during the lifting of the substrate, and Asubstrate
is the substrate surface. The transfer ratio de-
scribes the quality of a LB transfer. To main-
tain the surface pressure constant, the area of
the trough has to be decreased during the trans-
fer. If the surface decrease is equal to the sur-
face pressure of the substrate, all the material
lost at the water surface should have been trans-
ferred on the substrate, leading to a transfer
ratio of about 1. For transfers of GO films per-
formed at π = 20mN.m−1, we typically obtain
a transfer ratio higher than 0.9, indicating that
the transfers were efficient.
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Figure SI 5: Fitted XRR spectra at different surface pressures π.
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