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By Esther  Amstad

C
apsules are composed of a core, typi-

cally a liquid containing active sub-

stances, and a surrounding shell. They 

are used to delay the degradation of 

active ingredients, protect them from 

reacting or interacting with substances 

contained in the surrounding 

shell, or to prevent premature 

consumption of encapsulants (1, 

2). The performance of capsules 

is often determined by their 

permeability toward encapsu-

lants and stability against rup-

ture; these parameters can be 

adjusted with the composition, 

structure, and thickness of the 

shell (3, 4). Mechanically robust 

capsules with a minimal perme-

ability even toward low molecu-

lar weight substances often have 

rather thick shells (5). On page 

775 of this issue, Kumar et al.

(6) report an elegant process to 

fabricate capsules with very thin, 

rigid shells that display a low 

permeability even toward small 

encapsulants.

The degree of control over the 

dimension and composition of 

capsules depends on the process-

ing method and parameters (3, 7, 

8) and must usually be traded off 

with the throughput and hence 

with the production costs. The 

shells of capsules are most often produced 

during the encapsulation process, for exam-

ple, by partially solidifying emulsion drops 

(4, 9, 10). These processes can produce rela-

tively thick homogeneous shells (11) or shells 

composed of polyelectrolyte multilayers (12, 

13) but offer limited tuning of the structure 

and local composition of capsules made of 

multiple materials. 

Kumar et al. report an elegant approach to 

enclose reagent-containing liquids in prefab-

ricated solid sheets. The composition of these 

sheets can be adjusted to the requirements 

of the specific application, and the sheets 

can be as thin as 50 nm. Encapsulation is 

achieved by splashing a reagent-loaded drop 

onto a thin film that floats on the surface of a 

bulk liquid. They demonstrate that for a suffi-

ciently high impact of the drop, the thin sheet 

deforms and enwraps the drop. Thereby, the 

two-dimensional (2D) sheet forms a 3D cap-

sule whose size and shape depend on the size 

and contour of the 2D sheet. 

A prerequisite for this encapsulation 

process is that the sheet deforms upon im-

pact of the drop. Moreover, the density of 

the impacting drop must exceed that of the 

bulk fluid so that the enwrapped drop sinks. 

These prerequisites can be fulfilled by tuning 

the composition and thickness of the sheet as 

well as by adjusting the involved fluids and 

processing conditions. Hence, these prereq-

uisites do not impose any fundamental limits 

for the material selection. Capsules could be 

fabricated with very thin shells from a wide 

variety of materials, including composites of 

functional multilayers.

The main difference in the technology 

presented by Kumar et al. over conventional 

encapsulation technologies is that they use 

prefabricated 2D sheets. In most other cases, 

3D shells are formed in situ during the en-

capsulation process. The use of prefabricated 

thin 2D sheets offers the distinct advantage 

that the extensive library of methods for the 

production of thin films can be exploited to 

form multifunctional capsules. The ability to 

use thin 2D sheets opens up new avenues to 

fabricate capsules from a much wider range 

of materials. In addition, it offers new pos-

sibilities for fabricating capsules composed 

of thin multilayered shells that encompass 

multiple functionalities (see the figure). This 

method facilitates the controlled 

modification and detailed char-

acterization of the surface chem-

istry of these capsules because 

well-established techniques can 

be used to characterize flat sur-

faces. Superior control over the 

surface chemistry would be of 

particular importance for target-

ing capsules to desired sites to lo-

cally release encapsulants. 

Many opportunities can be 

explored to design multifunc-

tional capsules of well-defined 

structures and compositions. 

However, a better understand-

ing of the encapsulation process 

of Kumar et al., as well as of 

the processing technology, are 

needed. A knowledge of mecha-

nisms involved in the wrapping 

of the impacting drops would al-

low tuning size and shape of the 

capsules over a wider range. It 

could provide insights into con-

trol of their stability and perme-

ability and facilitate its scale-up. 

Once these points are addressed, 

the presented method has the potential to 

offer many exciting opportunities to develop 

multifunctional capsules whose applications 

range far beyond the encapsulation of active 

ingredients to prolong their storage time. j
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Capsules made from prefabricated thin films
Droplets become encapsulated after falling into floating polymer films 
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Custom coating
An oil drop containing encapsulants (for example, drug molecules) becomes a 

coated capsule when it impacts a floating multilayer thin film. The various layers 

of the film help preserve the drug and target delivery on the capsule in the body.
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