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Report: 

 
During previous ESRF beamtime sessions we have introduced the pressure jump technique with a view to 

studying lyotropic phase transitions involving bicontinuous cubic phases. The pressure technique has 

several advantages over other trigger mechanisms: 1) it does not significantly alter the solvent properties 

2) pressure propagates rapidly so that equilibrium is achieved rapidly and, 3) pressure-jumps can be 

bidirectional, i.e. in the pressurization and depressurization direction. We were able to attain reproducible 

dynamics for this process by generating samples composed of topologically distinct, physically separated 

domains with a narrow size distribution. The fact that dynamical reproducibility is dependent on uniform 

domain size provided strong evidence for structural changes at the scale of the unit cell being topologically 

and geometrically coupled to structural constraints at the nano-scale, such as changes in molecular shape. 

During SC-1962 we wished to build on our earlier measurements where we measured the rate of transition 

as a function of the pressure difference, and look at the effect of domain size.  The rate of transition was 

found to be strongly dependent upon the difference between the final pressure of the system and the 

pressure at the phase transition boundary. In contrast to temperature jumps, these experiments showed 

that the reduction in lamellar spacing is not linear, instead each curve appears to consist of an initial linear 

decrease, which is a result of the final thermodynamic pressure-dependent state, followed by a portion 

that is approximated by a mono-exponential decay and is a consequence of stalk formation. We wished to 

further investigate the kinetics of this process in detail so as to allow us to deconvolute these two dynamic 

processes and obtain reliable measurements for the rate of transition as a function of pressure.  These 

measurements are vital to the development of our activation energy model for this complex and collective 

process.  



 

We studied a number of systems including monoolein / 20 wt% H2O and looked at the kinetics of 

the Lα-QII
D
 transition as a function of pressure-jump amplitude and temperature. To this effect relevant p-T 

phase diagrams were constructed thereby allowing us to plan our p-jumps (example shown in figure 1).   

 

 

 
Figure 1 (a) (left) ‘Stacked’ plots following pressure-jumps from 1520 to 840 bar for MO 20 wt% H2O; (b) (top right) the p-T phase 

diagram for MO / 20wt% H2O; (c) (bottom right) the mono-exponential decay decrease in Lα lattice parameter during Stage I 

following a pressure-jump from 1200 to 870 bar. 

 

The transformation shown in figure 1 (a) and (c) may be divided into two stages. From our measurements 

we can see that Stage I both the lattice parameter and intensity of the fluid lamellar phase change by only 

a small amount. The half-width of the fluid lamellar phase remains constant throughout this stage. Such 

behaviour may be contrasted with that of ME 30 wt% H2O in previous studies where a similar division into 

two stages was observed but the half-width displayed a pronounced increase during Stage I reaching a 

maximum value at the end of this stage. The second stage occurs immediately after the formation of the 

cubic gyroid (QII
G
) phase and is characterised by a pronounced decrease in the intensity of the Lα peaks and 

concomitant increase in peak intensity of the growing QII
G
 phase.  At this point a pronounced increase in 

disorder is noted in the remaining fluid lamellar phase. The half-width of the Lα first-order reflection 

increases sharply towards a maximum halfwidth between 1.5 and 2 times that seen initially. The emergent 

cubic phase is also initially disordered displaying broad peaks which sharpen with time. As for all lamellar to 

cubic transitions the forming cubic phase is more hydrated than expected from equilibrium data and 

dehydrates with time. However overall changes in lattice parameter for this phase are much smaller than 

those observed for the forming cubic phase in ME both in excess water and under limited hydration 

conditions. Such behaviour may reflect the overall reduced water content of this system. The presence of a 

swollen QII
D 

cubic phase coexisting with the fluid lamellar phase is seen in these measurements. However, 

uniquely to this system, the cubic phase appears unaffected by the transition itself, existing throughout the 

transformation and merely relaxing under the effect of pressure. 

 

The decrease in lattice parameter of both the Lα and QII
G
 phases with time throughout the transformations 

we measured appear to be structural features of all transitions from a fluid lamellar to an inverse 

bicontinuous cubic phase. The Lα decrease begins immediately following the pressure-jump and, as for both 

ME samples, may be divided into two distinct stages. During Stage I the lattice parameter and intensity of 



 

the Lα phase change by only a small amount. For this sample the overall speed of transition is relatively fast 

and Stage I occurs over an extremely short timescale (< 1s for most jumps). This initial stage is attributed to 

the effect of a large decrease in pressure on the acyl chains. The appearance of the QII
G
 phase at the end of 

Stage I indicates that formation of significant numbers of stalks in the system must have already occurred. 

For ME under limited hydration conditions the formation of stalks during Stage I is associated with a 

considerable increase in planar disorder and attributed to the inhomogeneous formation of stalks between 

the bilayers. We suggested that this could be due to difficulties with sufficient membrane undulations 

towards the centre of the onion vesicles with stalk formation occurring preferentially towards the surface 

of each domain. Such behaviour is consistent with the experimental observations seen during SC-1962; the 

large region of co-existence of the Lα and QII
G
 phases and the inability of the centrally located swollen QII

D
 

phase to act as a seed for the transition. However no increase in disorder of the Lα phase for MO was noted 

during Stage I with the half-width of the first-order lamellar reflection constant throughout this stage. This 

could indicate that the effect of stalk formation on the Lα bilayer spacing is much less pronounced for MO 

than for ME. It should be noted that the molecular structure of MO is identical to that of ME except that 

the double bond at the 9-carbon position is cis rather than trans. The removal of the kink in the acyl chain 

introduced by the presence of the trans double bond allows more efficient chain packing in ME compared 

to MO. This will affect structural parameters such as the bilayer rigidity which will affect the process of 

stalk formation and the ease with which such formation occurs. Therefore an inhomogeneous distribution 

of stalks between the lamellar bilayers will not lead to a significant variation in bilayer spacing and hence 

no increase in planar disorder.  

 

The large increase in disorder of the Lα phase at the beginning of Stage II, along with a correspondingly 

disordered appearing QII
G
 phase, may reflect difficulties in transporting water throughout the system. 

Unlike planar disorder, this should give rise to uniformly broad diffraction peaks which do not show an 

increase in half-width with scattering vector, s. If the effect of stalk formation on the bilayer spacing is 

indeed negligible for this system then the pronounced decrease in lattice parameter of the Lα phase 

observed during Stage II must be solely related to dehydration of the Lα phase. In fact, an analysis of the 

water content of each phase throughout the transformation indicates that the decrease in Lα lattice 

parameter is accounted for by a transfer of water from the Lα phase to the more highly hydrated QII
G
 

phase. 

 
This work alongside that of SC-1838 contributed to two publications in Langmuir: 

 

Shearman, G.C. et al, Calculations of and evidence for chain packing stress in inverse lyotropic 

bicontinuous cubic phases, LANGMUIR, 2007, Vol: 23, Pages: 7276 - 7285, ISSN: 0743-7463 

 

Conn, C.E. et al, A Pressure-Jump Time-Resolved X-ray Diffraction Study of Cubic-Cubic Transition Kinetics 

in Monoolein (2008), Langmuir, in press 

 

 

 


