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A viscous liquid film coating a fibre becomes unstable and decays into droplets due to the Rayleigh-Plateau instability (RPI).

Here, we report on the generation of uniform droplets on a hydrophobized fibre by taking advantage of this effect. In the late

stages of liquid column breakup, a three-phase contact line can be formed at one side of the droplet by spontaneous rupture of

the thinning film. The resulting capillary imbalance leads to droplet propulsion along the fibre. We study the dynamics and the

dewetting speed of the droplet as a function of molecular weight as well as temperature and compare to a force balance model

based on purely viscous dissipation.

1 Introduction

Regular droplet patterns on a fibre are a well-known phe-

nomenon, which can be found in everyday life, e.g. dew drops

on a spider’s web1. Thereby, small drops are pinned on the

web filament, whereas big droplets are affected by gravita-

tional flow and eventually coalesce with others. The desta-

bilization and the subsequent breakup into uniform droplets

of a liquid film on a fibre is caused - like in a free liquid jet

- by the Rayleigh-Plateau instability2,3 (RPI). Although, this

is an obstructive effect in coating techniques, the capability

to form regular droplets with an adjustable size and the con-

trol of their motion are very advantageous and important for

technical applications e.g. water collection processes4–6, pat-

terning7, chemical reactions8 and printing9. The instability

of liquid threads and its characteristics have been studied in-

tensively over the last two centuries and is still of great inter-

est3,10–13. Furthermore, many studies investigated the motion

of beads flowing down a vertical fibre, sliding or rolling on

a fibre or the mechanisms of droplet movement in filament

networks14–20. However, only a few studies identify the mo-

tion of droplets in the absence of gravitational forces, where

droplets are propelled along a fibre or on a planar substrate

by taking advantage of different effects. For example, Yarin

et al. studied the movement of drops along a cylindrical fil-

ament due to a temperature gradient21, yet also a difference

in pressure can lead to a propelling force22. Remarkably, liq-

uid droplets can even detect and move along stiffness gradi-

ents of an underlying substrate (durotaxis)23. Another well-

established and commonly used way of producing and trans-

porting equally sized droplets on the micro scale is realized by
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using microfluidic devices, where droplets are generated and

transported inside a channel24.

Here, we report on viscous liquid droplets moving along

the outer surface of a hydrophobized solid fibre, purely driven

by capillary forces. For that purpose, droplets are generated

by taking advantage of the RPI: In the course of the destabi-

lization of a thin homogeneous film, liquid droplets separated

by valleys are emerging. By spontaneous rupture of the thin-

ning liquid film in between the equally distributed droplets, an

axisymmetric three-phase contact line can be formed at one

side of the droplet at the late stages of liquid column breakup.

This leads to a capillary imbalance between the two ends of

the droplet, which causes the drop to dewet on the fibre. Fig-

ure 1b shows a typical example of a receding polystyrene (PS)

droplet on a hydrophobized glass fibre (see Supplementary

Video V1). The motion process is studied as a function of

molecular weight and temperature and is compared to the clas-

sical case of a dewetting ridge on a substrate.

2 Experimental

Glass fibres were prepared by pulling heated glass cap-

illary tubes (World Precision Inst.) to final diame-

ters of 20 to 30 µm using a pipette puller (Narishige,

PN30). By dip-coating the glass fibres in a 0.5wt% so-

lution of AF2400 (Poly[4,5-difluoro-2,2-bis(trifluoromethyl)-

1,3-dioxole-co-tertrafluoroethylene]) (Aldrich) in a perfluoro-

compound solvent (FC72TM, Fisher Scientific), a hydrophobic

amorphous fluoropolymer layer (Tg ∼ 240 ◦C) is deposited on

the fibres. In order to remove excess solvent, fibres were an-

nealed to 80 ◦C for 90 minutes in ambient atmosphere.

To create droplets on a fibre, we apply a homogeneous

polystyrene (PS) film with thickness e0 (5 to 90 µm) onto the

hydrophobized fibre (see Fig. 1a): Atactic polystyrene (Poly-
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