
80 SVETLANA BAOUKINA, SIEWERT J. MARRINK, and D. PETER TIELEMAN 

Figure 3.4. Fluorescence microscopy images of a lipid monolayer (DPPC and POPG in ratio 4:1 at 25 C): 
(a) coexistence of LE and gas phases; (b) coexistence of LC and LE phases.  

At smaller molecular areas, the gas phase coexists with the liquid-expanded (LE) phase. 
The structure of the coexisting phases is very heterogeneous; the domains of the two phases as-
sume different shapes, with the gas phase forming “bubbles” in the LE phase (see Fig. 3.4a). In 
this region the surface pressure is very low. 

The surface pressure lifts significantly above zero as the LE phase forms an interconnected 
region, gradually squeezing the gas phase and becoming more homogeneous. In the LE phase, 
the monolayer is characterized by translational disorder of the lipid molecules and by conforma-
tional disorder of the hydrocarbon chains. The translational and rotational motions of the mole-
cules are fast, as the effect of the presence of neighbors is small. 

With increasing surface pressure, the interactions between the molecules become stronger. 
At surface pressures of approximately 35 mN/m, the properties of a lipid monolayer are compa-
rable to those of a bilayer (of the same composition) in the liquid-crystalline phase. At higher 
surface pressures and smaller molecular areas, the monolayer adopts the liquid-condensed (LC) 
phase. In the LC phase, the orientational order of the hydrocarbon chains increases with respect 
to the LE phase. The orientations of molecular axes in this phase also become more ordered. 
The lateral diffusion coefficient decreases by nearly two orders of magnitude, and the rotational 
motions of lipids become slower by several orders. The LC phase also shows an increased trans-
lational ordering of molecules with respect to the LE phase. A common structural arrangement 
of molecules in the LC phase is hexagonal packing. The LC phase, however, is not fully or-
dered. This monolayer phase is similar to the gel phase in lipid bilayers. 

In the plateau part of the isotherm the monolayer undergoes a first-order phase transition 
from the LE into the LC phase. Each point in this region corresponds to the coexistence of the 
two phases (Fig. 3.4b). The ratio of the two phases can be found by the lever rule. The coexis-
tence region is not strictly horizontal, which is affected by the sizes and the shapes of the do-
mains, determined by the energy and entropy of mixing of the two phases [6]. At very high sur-
face pressures, the monolayer can transform form the LC into the condensed (C) phase (the 
terminology for the LC and C phases may vary, e.g., the C phase is also sometimes called solid 
condensed). In contrast to the gel-like LC phase, this phase is solid; the lipids are arranged in a 


