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1. Supplementary experimental details

Samples preparation

a. Mica:

Mica substrates purchased from SPI (SPI supplies, West Chester, PA, USA) were glued
to metallic discs (Ted Pella Inc, Redding, CA, USA) that can be magnetically attached to
the scanner. The samples were cleaved immediately before being placed in the liquid cell
for imaging. For mica imaging, lower quality mica (grade 3-4) was used in order to

ensure the presence of surface defects to prove reliability of the high-resolution images.

b. Calcite

Several pieces of optical grade calcite (Iceland Spar) were cleaved with a razor blade
according to the desired crystalline direction [1014] and incubated for several days in
ultrapure water (18.2 MQ, Millipore, Billerica, MA, USA) so as to allow the samples to
equilibrate with the solution. The pH of the resulting solution was found to be 9.442,
consistent with Liang et al.". One of the samples was then glued to a metallic disc and

imaged in the incubation solution.

c. Fluorite
Fluorite samples from the Yaogangxian mine (Hunan, China) were cleaved with a razor
blade according to the desired crystalline direction [111] and incubated for several hours

in ultrapure water. The samples was then glued to a metallic disc and imaged in the



incubation solution. The fluorite samples were not as optically clear as calcite samples,

and generally presented more surface defects and/or impurities (Fig.2).

d. Other single crystals

All the other single crystals investigated were purchased from MTI (MTI corp.,
Richmond, CA, USA) and were EPI-polished according a predefined crystalline direction
by the manufacturer. In order to ensure that no contamination affected the results,
measurements on four crystals picked randomly were repeated (both with AFM and CA)
after cleaning of the samples by successive sonication in DMSO, ethanol, acetone,
ethanol and ultrapure water. No significant differences were observed in the imaging

parameters and the Wy, obtained.

f. Lipid bilayers

All  the lipids (1,2-dipalmitoyl-sn-glycero-3-phosphocholine  (DPPC), 1,2-
dihexadecanoyl-sn-glycero-3-phospho-L-serine  (sodium salt) (DPPS) and 1,2-
dihexadecanoyl-sn-glycero-3-phosphate (sodium salt) (DPPA)) were purchased from
Avanti polar lipids (Avanti Polar Lipids, Inc., Alabaster, AL, USA) in a chloroform-
based solution. We followed standard procedures for achieving supported bilayers on
freshly cleaved mica”. In short, lipids were placed in a glass vial and dried under vacuum
for ~8h. They were then dissolved in a 20mM NaCl solution (0.65 mM final lipid
concentration) and sonicated above the transition temperature of the lipid. Subsequently
30 pl of the lipid solution was deposited onto freshly cleaved mica and incubated

overnight at 4° C. The sample was then heated again for 45 min. above the transition



temperature of the lipids. Attention was paid to never allow the samples to dry. The
samples were then allowed to cool and subsequently rinsed with 2ml of 20mM NaCl
solution just before imaging in a same solution. Experiment carried out in standard PBS
buffer solution also allowed molecular level resolution (see Fig. S3). Subsequent AFM
imaging and nano-dissection of the bilayers (see Fig. S3) confirmed the presence of well

formed bilayers over the mica substrate.

g. Mercaptohexanol self-assembled monolayer (MH SAM)

The MH SAM was prepared according to a procedure described elsewhere’. In brief,
substrates of gold evaporated on mica (Agilent) were cleaned in piranha solution (3 parts
sulfuric acid: 1 part hydrogen peroxide (30%)). The substrates were subsequently rinsed
with water and ethanol, and dried under a nitrogen flow. The substrates were then placed
in sealed vials containing 10 ml of ethanolic solution of 6-mercaptohexan-1-ol
(mercaptohexanol, MH) (Sigma). The thiol concentration was 0.01 mM. The substrates
were left in solution at room temperature for a period of 7 days, at which point they were
cleaned with ethanol and dried under a gentle airflow. Contact angle measurements were
taken on the substrates before they were mounted and used for AFM measurements.
Previous unpublished studies indicate that SAMs prepared this way are mostly in the
stand-up phase with few or no regions in the lie-down phase, as confirmed by the AFM

images acquired.



2. Study of the role of the tip oscillation amplitude for high-

resolution imaging of mica in water

Figure S1 presents complementary information to Fig. 1. Using the harmonic oscillator

112 (see also"™" for new developments in liquid) the variation of energy dissipation

mode
Erg and tip-sample interaction stiffness k7g as a function of the average tip-sample
distance can be calculated from the experimental parameters (namely phase and
amplitude). Figure S1 (a) and (b) present respectively Ers and kzs for various free
amplitudes (same amplitudes and nomenclature as in Fig. 1). Note the log scale in (a).
The curves have been offset vertically in (b) to allow for better readability. In each case,
as for the yzs curves in Fig. 1c, the tip to mica distance has been normalized by the tip
free amplitude 4y to allow better comparison between the curves, and the point
corresponding to the best imaging parameters has been marked as “setpoint”. This
approach is motivated by the fact that yzs, k7s and E7s all depend on a ratio of 4 and A,.
For all the curves this ratio will converge from a same initial value (at large tip-sample
distances when 4=4) to a same final value (at very short distances when 4—0) over a
tip-sample distance typically proportional to Ay. This is because when approaching the
sample, a tip oscillating with an amplitude 4, will already “touch” the sample at an
average tip-sample distance of 4y/2. Consequently, normalizing the tip-sample distance to
Ay yields a similar damping distance for all the curves, regardless of the initial oscillation
amplitude. A given value of normalized height then corresponds to a similar 4/4, for all
the curves thus allowing direct comparison.

The two regimes discussed for the yzg vs distance curves are also apparent in the Ezs vs

distance curves (Fig. S1 a). For amplitudes smaller than A ,psimum, the E7s curves present



a simple monotonic increase as the vibrating tip approaches the surface, interpreted as a
full damping of the vibration into the interfacial liquid. As the amplitude increases, the
Erg curves become bi-modal with a new, larger, maximum appearing near 0.1 interpreted
as due to dissipation into the mica substrate. The energy dissipation curve corresponding
to Ao, opuimum 18 here again at the transition between the two regimes. We note that in each
case, the energy dissipation was arbitrarily set to zero (¢p=n/2) away from the interface
(tip oscillating in the bulk liquid). This approach allows better comparison between the
different sets of parameters studies by setting a reference point. Under such circumstance
Ers does not represent the absolute energy dissipation but rather the increase of energy
dissipation as the tip approaches the interface. The interaction stiffness kzs increases
almost linearly in each case with larger amplitudes providing stiffer interactions (b). As
the amplitude reaches Ay, oprimum, krs €xhibits similar behaviour in the region attributed to
the interfacial liquid. The stiffness then tends to increase steeply close to the mica (e.g.
close to zero for the green curve, 4p=1.25 nm or in Fig. S2) although this is not obvious
for all curves in Fig. S1 due to some instability of the tip oscillation and a low
signal/noise ratio at very short distances (<0.1). Figure Slc complements Fig. 1b with
more images of mica captured at different amplitudes. When the amplitudes become
close to Ay, oprimum, the mica lattice'®!” becomes visible. The raw data (amplitude and
phase vs distance curves) is presented in (d) and (e) respectively. The curves are the
average of capture series in each case. The scale in (d) is semi-logarithmic and the
minimum of the curves has been set to zero. All the curves have been aligned based on

the corresponding deflection vs distance curves (not shown) and the zero set arbitrarily.
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Figure S1: supplementary information to Fig. 1 and identification of the main energy

dissipation mechanism (see text for details)



No bistability or branching in the curves (from distinct attractive or repulsive modes
commonly observed in non-liquid environment’) was observed in these amplitude curves.
In order to confirm the nature of the main energy dissipation mechanism (damping into
the interfacial liquid) we analyzed our results in the framework developed by Garcia et al.
which distinguishes between three main dissipation processes: surface energy hysteresis,
viscoelasticity, and long-range dissipative interfacial interactions''. Although this theory
was verified in air'', it can provide valuable insight into the energy dissipation
mechanism likely to dominate in the present case since the interfacial liquid can be seen
as a viscoelastic layer at the surface of the solid substrate.

The appropriate plots are presented in Fig. S1 (f) and (g) showing the normalized energy
dissipation (f) and its first derivative (g) plotted against the corresponding normalized
amplitude as the tip approaches the sample. In (f) the experimental data is represented by
dots and the curves were obtained by linear interpolation. In (g), the curves were obtained
by differentiating the interpolated curves (in (f)) with respect to the corresponding
normalized amplitude. For free oscillation amplitudes 4y < Ay opiimum, the energy
dissipation mechanism appears best described by viscoelstacity. This is particularly clear
when considering the near-linear derivative of the normalized E7s (g). However, the lack
of inflexion points in the normalized Ers vs A/Ay curves (f) suggests that of long-range
dissipative interfacial interactions could also play a role in the energy dissipation. For
free oscillation amplitudes 49 > Ay, opimum, the normalized Erzg curves appear less
symmetric with a progressively marked shoulder as 4increases. This shoulder leads to a
transition in the E7s curves’ derivative (g) suggesting the emergence of surface energy

hysteresis. This effect, more marked for larger amplitudes, can be explained by the tip



directly interacting with the mica substrate (nanoindentation). However, under optimal
imaging conditions, the energy dissipation mechanism appears dominated by the

viscoelasticity of the interfacial liquid.



3. Modification of the mica-water interface by adjunction of ions in

solution

When the tip approaches the solid, its vibration is damped according to two distinct

regimes (Fig. 1c and S1 and SI section 1).

[mN-cycle-m-1]

0.6 1 a
1

= 1 I Ultrapure water
o ! . 10 mM SrCl,
£ 1 =N 10 mM RbCI
[=%
E
©
(=]

0.2

00 0.2 0.4 0.6 0.8 1.0

u‘? x 1072 [J-cycle-1]
= ' b
[
0
o
- 1.0
2
@
c
[:1]
Tgu 0.2
— 0.0 0.2 04 06 0.8 1.0
2 [INm]
=
° 1.0 c
7]
]
c
£
7
c
o
°
E 0.0 — T T T T
t 0.0 0.2 0.4 0.6 0.8 1.0

Amplitude-normalized tip-mica distance

Topography Phase

- - 4 P B P A T3
o - PR N SO
o o TR R R 3
UL'J 5 FAS - 2 ‘) d ) ~ )
RS R

- 4
2

o

Figure S2: Mica-water interface in the presence of different salts (see text for details).
The dotted vertical line suggests the transition between interfacial liquid (blue

background) and the mica (darker background)
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We interpreted these two regimes as dominated by the interfacial liquid and the substrate
respectively. In the damping vs. distance curves (Fig. 1¢) the transition between the two
regimes is identified by a change in slope as the tip moves closer to the substrate.

In order to confirm this interpretation, we modified the properties of the interfacial liquid
through the adsorption or coordination of different ions known to adsorb at various
distances from the mica itself'®, therefore strongly affecting the interfacial liquid in
comparison with pure water on mica. The free amplitudes allowing the best resolution
during imaging in these solutions were similar to that for mica in ultrapure water (1.44
nm for RbCl, 1.46 nm for SrCl,, peak-to-peak free amplitude Fig. S2c) thus allowing
meaningful comparison of the imaging parameters. The damping curves (Fig. S2a) show
substantial differences for the different samples in the regime interpreted as due to the
interfacial liquid whereas the mica-dominated regime is nearly identical in all cases. A
full study of ion-related solvation effects is beyond the scope of this paper, but these

results nevertheless confirm our initial interpretation of the damping curves in Fig. Ic.
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4, Supplementary high-resolution images and controls

Figure S3 presents supplementary high-resolution data and controls carried out to ensure
reliability of the images presented in Fig. 2.

In each case, the topographic image appears in blue scale and the phase image in red-
yellow scale as in the manuscript’s figures. The upper part of Fig. S3 shows high-
resolution images of 1,2-dihexadecanoyl-sn-glycero-3-phosphate (sodium salt) (DPPA)
and 1,2-dihexadecanoyl-sn-glycero-3-phospho-L-serine (sodium salt) (DPPS) lipid
bilayers. The existence of a true bilayer was always verified by nanodissection, as
exemplified for DPPC. The bilayer could be mechanically removed by scanning the
surface under harsh conditions (low setpoint, low feedback gains, high-speed). The
DPPA and DPPS images were acquired in 20mM NacCl solution as for the DPPC bilayer
presented in Fig. 2. High resolution imaging on DPPC could also be achieved in PBS
buffer (images of DPPC presented in Fig. S3). The molecular structure of the different
lipid head-groups is also given.

The lower part of Fig. S3 presents lower magnification images of the crystals shown in
Fig. 2. The images given in Fig. 2 have also been added for comparison. It can clearly be
seen that the features visible in the high-resolution images appear smaller in the lower
magnification frames and are consequently real. All the images presented in the lower

part of Fig. 3 were acquired in dimethylsulfoxide (DMSO)
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6. Derivation of the model for calculating the substrate-liquid work of

adhesion and supplementary discussion

Definition of the work of adhesion and general considerations

The physical meaning of the particular conditions allowing high-resolution imply the
possibility to derive further information from the imaging parameters, in particular the
sample-liquid local work of adhesion (or adhesion energy) Ws;. Wy, is defined as the free
energy cost per unit surface area to separate the solid from the liquid. Experimentally,
Wy, is a meaningful value to quantify the interface at any scale as it only depends on the
solid and the liquid molecular properties'®. It is related to the interfacial energy ys
(S=solid, L=liquid, V=vapour) and both medias’ surface energies (s and y; respectively)
by the Dupré equation™:

Yse=YstvyL— Wst (s1)

Given that the surface energies are constant for each medium, the work of adhesion Wy,
and ys; describe a same concept. Experimentally, Wy, is usually measured with the
contact angle Oca formed by static, macroscopic liquid droplets at the surface of a flat
solid in an inert atmosphere using the so-called Young-Dupré equation W, = yry (1 + cos
Oca) = vi (1 + cos Oca)*'. However, it is effectively averaged over the triple line bordering
the solid, liquid and vapour regions’**. At a microscopic scale, several AFM studies
have indirectly deduced Wg; either from the static adhesion force between an AFM tip

- - o 2427
and a solid surface in a liquid or vapor

or through microscopic contact angle
measurements obtained from AFM scans of nanoscale droplets®?’, but to the best of our

knowledge never with sub-nanoscale lateral resolution. Here we directly relate the tip

14



local energy dissipation during the capture of high-resolution images with both the tip

and the sample’s work of adhesion with the liquid (W7, and Wg; respectively).

Implications for the model

Before presenting the model in detail, it is useful to realize that work of adhesion
represents, by definition, the global interaction energy between the different media; if
both media are identical, then the interfacial energy is simply two times the surface
energy of the medium and the work of adhesion is zero. The work of adhesion therefore
represents the energy responsible for interfacial restructuring. In the case of a solid-liquid
interface, the restructuring will occur almost only in the liquid due to the mobility of the
liquid molecules (i.e. ys >> y;). This restructuring will however occur over a finite

distance (typically a few molecular diameters®®™

) and the liquid density excess
(compared to bulk) will tend to vanish away rapidly from the interface. The exact shape
of this decay can be complex with sudden transition between hydration layers® and
generally depends on both the solid and the liquid. Several experimental studies (mostly
AFM and surface force apparatus) confining liquid between two solids have found a
decay satisfactorily modelled with an modulated exponential function®'****%7. A direct
interpretation of these results in terms of interfacial liquid density variation should
however be done with care since confinement effects could also influence the observed
trends 2>, Nevertheless, we modelled the gradient of W5, when moving away from the
surface (0Ws;/0z) as decaying exponentially and approaching its asymptotic value of zero

over a few molecular diameters (see Fig. 1d and S5). The effective repulsive force felt by

the tip as it approaches the surface is consequently a composition of both exponentially

15



decaying interfaces interpenetrating. The measured energy dissipation spent during the
first part of the oscillation (approach) is assumed to be the energy necessary to partially
destroy both the tip and the sample interface by forming a common interface. Taking into
account the geometry of the system (assumed to be plane-parabola) and integrating the
work accomplished by the tip over the approach it is possible to relate the corresponding
energy dissipated by the tip with Wy, and Wr;. However, since the work of adhesion is by
definition reversible, if the process is adiabatic no energy should be effectively dissipated
during a full oscillation cycle (approach+retraction, see Fig. S4a below). Experimentally,
we measure an energy dissipation that scales with Wy, as the tip oscillates in the
interfacial liquid. We explain this dissipation by a deviation from the adiabatic case (area
E; in Fig. S4b) induced by the viscoelasticity of the interfacial liquid. In other words, the
timescale of the measurement does not allow for the interfacial liquid to fully relax,
leading to a hysteresis loop which surface which is (i) the measured energy dissipation
and (ii) proportional to an average of the tip and sample works of adhesion with the liquid
(see development below). The exact shape of the tip oscillation trajectory (schematized in
Fig. S4b) is experimentally very challenging to determine. Consequently, a fully accurate
and theoretically sound model that relates the measured experimental parameters with the

interface thermodynamic quantities remains to be developed.
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Figure S4: (a) Scheme of two limit cases of tip oscillation trajectories. The “hard”
trajectory corresponds to the case where the tip meets an infinitely hard interface. This is
the case for an infinitely fast oscillation where the interfacial liquid can be seen as a glass
(w=00). The “adiabatic” trajectory represents a quasi-static trajectory of the tip with the
process slow enough to be reversible (no viscous loss, ®=0). In each case no energy is
dissipated. E; is the area below the adiabatic trajectory and E> the area between the two
trajectories. A4 is the tip oscillation amplitude and ¢ the smallest tip-sample distance. A
more realistic tip oscillation trajectory is presented in (b). The centre of the tip trajectory
(dotted line) appears steeper than for the adiabatic case (©0=Wexperimenc>0). Due to the
liquid viscoelasticity the approach and retraction trajectory deviate in opposing directions
from the dotted trajectory, thus forming a hysteresis loop (grey area labelled Ej)

corresponding to the energy dissipated by the tip during an oscillation cycle.

In the absence of a full theoretical description of the system, we developed a model
reflecting an ideal case: if the adiabatic trajectory (Fig. S4a) is considered in first
approximation linear, then the area E; ~ E, (Fig. S4a) and the measured energy

dissipation E7g admits E;+E, ~ 2E; as an upper limit. In the model presented bellow, we
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assume that £; is proportional to Ers (E; = AE7s). We then calculate £, as a function of

the tip-liquid and substrate-liquid works of adhesion.

The model (adiabatic tip-substrate approach with soft retraction)

For the sake of clarity, the basic assumptions of the model are summarized below:

1. The re-structuring of the liquid at the solid-liquid interface fully accounts for the
interfacial energy. A direct consequence of this assumption is that probing the liquid
down to its first hydration layer is sufficient to quantitatively measure the work of
adhesion (as in CA measurements).

2. The effective interface (as opposed to bulk) is fully located in the liquid. The so-
defined “interface” can be modelled as decaying exponentially into the bulk liquid**>".
The exponential factor o would then typically be a few molecular diameters.

3. The solid surface is locally flat compared to the AFM tip which is assumed to be
parabolic. This is on the scale of the tip size R (parabola of equation z=(x+y)*/2R with
x,y parallel to the interface and z perpendicular)®

4. At each tap, the tip motion is assumed to be purely in the z direction (lateral scan
speed vy, neglected since vy, << v.).

5. The AFM amplitude is relatively small, i.e. comparable to the width of the total
surface-liquid-tip interface and the whole system has circular symmetry (around the z
axis). Moreover, the tip never touches the actual surface, but there is always at least
one molecular diameter of liquid between tip and surface. (This last affirmation is

experimentally suggested in typical amplitude curves, but only if the liquid adheres
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The situation is illustrated in Fig. 1d and in Fig. S5 below.
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Figure S5: Scheme of the tip-liquid-sample system in the model for calculating Ws;.

Fig. S5b shows schematically the density of interfacial energy at both the tip and the

sample interface with the liquid. At both interfaces the density of the work of adhesion

(which takes the unit of pressure) can be modelled by:

Py (z)=Wgae™

s2
P, (z,D) = WTLIBeﬂ(Z_D) 2

with the index S and 7 for the solid sample and the tip respectively, and a and B the

exponential decay length at the sample and the tip respectively. D is the tip-sample
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distance along the z axis. Ps; and Py are such that if integrated along z from z=0 (solid
surface) to infinity, the result is exactly the work of adhesion between the liquid and the
surface considered. Ps; and Py; are the exponential curves appearing in red and blue
respectively in Fig S5b. The pressure P75 met by the tip when approaching the sample is
then obtained considering the maximum value of pressure among the crossing points

between Ps; and Py, for a given distance D between the tip and the sample:

PTLS(D) EPSL(ZD) with Zp

Py (zp)= maX{PSL (2)

P, (z) =P, (z),z €0, D]} (s3)

When considering only the exponential envelope of Ps; and Py (as in eq. (s2)), this yields to

B a ~
Pg(D) = [WSLa]“+ﬂ [WTLﬂ]‘”ﬂ e’ (s4)

The thick black curve in Fig. S5¢ was plotted from eq. (s4) while the oscillatory-like
thinner dark curve is derived numerically from definition (s3) using the assumed Py, and
Py pair curves for the tip and the sample interfaces with the liquid in Fig. S5b. Pg; (in
red) is also plotted for comparison in Fig. S5c. The advantage of this approach is that it
allows a simple description of the work of adhesion while remaining compatible, at least
qualitatively with the AFM and surface force apparatus (SFA) experiments at solid-liquid
interface which reported oscillatory behaviour for Prg 323537, Here, we assume the
exponentially decaying behaviour is solely dependent of the solvent, hence o=f. This

31,32,35-37

assumption, also compatible with published literature is a simplification of

reality>.
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Using the assumption 1-5, the energy dissipation per cycle can be obtained by summing
Prs(D) over the surface elements of the tip. For a parabolic shaped tip over a flat surface
(z = D + y’/2R with y along the surface plane) the summation can be obtained by
adapting the Derjaguin approximation® to the plane-parabola case®™. The energy
dissipation per cycle is then given by integrating P75 over the surface elements of the tip
and over a tip sample approach:

© A+o -a -a
87d2 —0 —A
Ecycl,ext = I IZWPTLS (z)dDdy = o \ WyW, e? [1 —-e? J (s5)
0

with ¢ a molecular diameter of the liquid, 4 the tip amplitude and R the local tip radius.

No additional dissipation term is assumed for the retracting phase of the tip (soft
trajectory). Equation (s5) can then be combined with the energy dissipation E7g calculated
from scanning pararneterss’(”m'12 (Ecyeree= E1= AE7s) to effectively relate the Wy, with the

experimental parameters (W is measured independently):

4 AV
sin(p—(}
2 |k, aa? | Ao 4,

Wy = T - s6
* Wy | 8RO i‘e_ozlg _MJ )

—e 2

This formula was employed to calculate the work of adhesion of the different samples
studied throughout this paper. We took ¢ = 2A for water and ¢ = 3A for DMSO. We
arbitrarily chose 1/0=3/2c as it appears a good compromise with the available literature

30,31,35

values and 4 is the AFM scanning amplitude. The local tip radius R was assumed to

be 2nm. This radius value was obtained by considering the effective tip radius able to
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provide the lateral resolution demonstrated here, given a force field decaying
exponentially with a/2 (eq. s4). Practically, asperities and surface defects at the apex of
the tip are probably responsible for the high-resolution achieved. Finally, we found
values for the proportionality coefficient A ranging between 0.74 to 1.16 depending on
the solvent (from the slope of the curves in Fig. 3).

This model is however simplistic and cannot fully capture the true complexity of the tip
motion in liquid'****. Furthermore, several underlying assumptions employed in the
model may not be always valid. First the system’s geometry (tip and sample shape) and
the use of the Derjaguin approximation can over-simplify the reality®’. Second, liquids

d*** and further

can present significant changes in their apparent viscosity when confine
improvements of the model may require precisely quantifying the liquid’s viscoelastic
relaxation under the scanning conditions. Third, the reciprocal influence of the tip and the
sample on the sample-liquid and tip-liquid interfaces, respectively, are not taken into
account and both interfaces are assumed to remain structurally constant while
interpenetrating each other. This assumption becomes particularly problematic if there is
a large difference in the liquid’s affinity for the tip and for the substrate. Modelling the
interfacial energy losses utilizing the probability of the oscillating tip to create nanoscale
cavities near the interface® may ultimately provide better results. Finally, the model does
not take into account lateral friction forces responsible for the image formation in contact
mode. The vibration velocity of the tip in the z-direction is however always 1-2 orders of
magnitude higher than the scanning velocity and high-resolution imaging was possible

over a wide range of speed (~40nm/s to ~500nm/s), although higher scan speeds were

preferred to minimize drift.
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Despite its simplicity, the model presented here was able to provide correct estimates for
Ws, for most samples studied after calibration with contact angle values (see Fig. 3),
suggesting that it can capture the fundamental tip dissipation mechanism at the solid-

liquid interface.
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