
Wrinkling gels
Investigating new wrinkling mechanisms in a model system

What makes a soft film buckle or wrinkle? 
A film may buckle and wrinkle in many ways and 
for various reasons. When compressed along its 
length a plastic ruler bends. It is said to buckle. 
When a carpet is compressed, it does not buckle 
on its entire length but instead forms small ripples, 
or wrinkles. The weight of the carpet, which is exer-
ted perpendicular to the compression, disfavors 
long undulations. It is the competition between the 
weight and the elasticity that define the wrinkling 
wavelength. The causes of wrinkling are always a 
combination between excess surface, responsible 
of the buckling, and a constraint perpendicular to 
the selected wrinkling wavelength. For example, 
the skin of an apple which flesh dries out is in 
excess and must buckle, but the skin is retained 
by the elasticity of the apple flesh and therefore it 
wrinkles. It has been predicted that in the case of 
an elastic film in contact with a very thin layer of 
liquid, the viscosity of this liquid would resist the 
long undulations and wrinkles could appear. This 
has not been observed yet because in experimen-
tally convenient situations, the film is at the top of 
the liquid and the weight of the film plays the larger 
role so as in the carpet situation.

Experiments with yogurt-like gels 
To circumvent this issue, we took inspiration from 
the yogurt-making process to create thin porous 
biogel films immersed in a viscous medium which 
density is close to the one of the biogel. In a cell 
consisting of two microscopy lamellas separated 

by 100 microns, we enclose an aqueous disper-
sion of milk proteins, sodium caseinates, and GDL, 
molecules causing a gradual acidification of the 
environment in time. This acidification causes the 
condensation of the proteins into a homogeneous 
gel which fills the cell and contracts within minutes 
in a thin elastic porous film of a few tens of microns 
thick and separated from the microscopy lamella by 
layers of water. As the acidification continues, the 
gel film inflates, develops an excess of surface and 
wrinkles. Furthermore, in this confined geometry, 
the wrinkles soon meet the lamellas and flatten on 
it. To gain further area, the gel wrinkles inside the 
preceding wrinkles as seen on the left hand side of 
the illustration next page (B&W image).

New wrinkling mechanism
The three-dimensional conformation of gel film is 
reconstructed by confocal microscopy and is dis-
played on the right hand side of the illustration. By 
analyzing the dynamics of the formation of folds 
and by comparing it to a theoretical model, we 
were able to show that the porosity of the gel is 
selecting the wrinkling wavelength. Indeed when 
the film is very close to one of the lamella, it is 
easy for the water to go through the porous gel. 
The new wrinkling mechanism identified in this 
work may be relevant to wrinkles that appear in 
membranes inside our body which are immersed in 
body fluids and partially permeable to them. This 
may have some important consequence during 
morphogenesis. 

24



Soft matter

Visualizing wrinkles in casein gels
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Legend: Dynamics of pattern formation in a confined film of 

casein gel. (a) Light transmission microscopy.  (b) Three-dimensio-

nal reconstruction from fluorescent confocal microscopy,. Scale 

bars, 1 mm. 
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