
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/softmatter

Soft Matter

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Interfacial Stability and Shape Change of Anisotropic Endoskeleton

Droplets

Marco Caggioni,a Alexandra V. Bayles,b Jessica Lenis,a Eric M. Furst,b and Patrick T. Spicer∗c

Received Xth XXXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

First published on the web Xth XXXXXXXXXX 200X

DOI: 10.1039/b000000x

The delivery of suspended active ingredients to a surface is a central function of numerous commercial cosmetic, drug, and

agricultural formulations. Many products use liquid droplets as a delivery vehicle but, because interfacial tension keeps droplets

spherical, these materials cannot exploit the benefits of anisotropic shape and shape change offered by solid colloids. In this

work, individual droplet manipulation is used to produce viscoelastic droplets that can stably retain non-spherical shapes by

balancing the Laplace pressure of the liquid-liquid interface with the elasticity of an internal crystalline network. A stability

criterion is developed for idealized spherocylindrical droplets and shown to agree with experimental data for varying droplet size

and rheology. Shape change can be induced in the anisotropic droplets by upsetting the balance of droplet interfacial tension and

internal rheology. Using dilution to increase the interfacial tension shows that external stimuli can trigger collapse and shape

change in these droplets. The droplets wrap around substrates during collapse, improving contact and adhesion. The model is

used to develop design criteria for production of droplets with tunable response.

1 Introduction

Complex-shaped solid colloids have been created by droplet

templating and assembly1,2, stop-flow lithography3, and

micron-scale molding4 and are known to be useful for active

ingredient delivery because of preferential uptake5 and flow

behavior6. Shaped colloids are also promising building blocks

for self-assembly into complex ordered structures7 with appli-

cations in optics8 and biomimicry9. Colloids that can change

their shape can enhance self-assembly10, rheology control11,

and drug delivery12,13 and their shape can be altered by tem-

perature changes14, volume change of composite particles15,

or buckling16, but again only for solid colloids. When liquids

are used in colloidal shape-change processes it is typically as

a minor component of a solid particle, usually to drive move-

ment by liquid-liquid17 or liquid-air18 interfacial tension.

Despite the many innovations in controlled synthesis of

shaped, and shape-changing, solid colloids7, numerous com-

mercial products still deliver active ingredients from emulsion

droplets because they can be easier to prepare, enable dissolu-

tion of multiple compounds, and wet and adhere to substrates

like hair19, skin, and internal tissue20. There is a significant

opportunity to apply the advantages of controlled shape, and
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shape change, to droplet systems but the ability to control

shape in droplets has only recently become possible in syn-

thetic systems. Shape change is, however, quite common in

biological cells21 that possess many fluid properties and can

change shape in response to interfacial/environmental triggers

by altering their internal mechanical properties22.

Crudely analogous to cellular shapes, non-spherical droplet

shapes can be stably formed by arrested coalescence in

emulsions when interfacial23 or internal24 elasticity balances

droplet interfacial stress8,25, halting coalescence at an inter-

mediate state. Arrest by an internal elastic skeleton24,26,27 is

quite general and can be used to assemble structured droplets

into non-spherical shapes, all while preserving a liquid surface

with a curvature shaped by capillary forces24. Taking cel-

lular architecture as an inspiration, anisotropic droplets with

a viscoelastic internal crystalline microstructure are created

here via molding. A physical model of their stability is devel-

oped and tested by microscopic observations of shape stabil-

ity while varying droplet rheology and size. The endoskele-

ton droplets are shown to change their shape in response to

dilution-induced increases in interfacial tension, also in agree-

ment with the physical model. Droplet shape change is shown

to enhance adhesion and wetting of substrates, offering a route

to improve delivery of droplet materials to a number of sur-

faces of interest and supplementing the properties of solid

particles with a droplet’s ability to wet a surface and deliver

solutes via diffusion. Although a single rod shape is studied

here, the molding of droplets with other shapes is also possi-

ble and the theoretical stability criterion may be extended to
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Stable anisotropic droplet shapes are created by balancing interfacial Laplace pressure with droplet yield 
stress. The endoskeleton droplets can be made to collapse controllably using external stimuli, like dilution, 

to enhance deposition on surfaces.  
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