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Abstract 
Very small amount of flexible polymers (of the order of 100 ppm) dissolved into water drops impacting on hy-
drophobic surfaces are able to completely inhibit rebound, which is observed with drops of pure water. This phe-
nomenon, which has been known for about 10 years, is commonly attributed to the stretching of polymer mole-
cules in regions of high velocity gradients, which is believed to cause large energy dissipation in the bulk fluid. 
In this work we show that this interpretation is not correct, the anti-rebound effect being caused by a dissipative 
force localized on the contact line. 

Introduction 
When a droplet of water falls on to a hydrophobic surface, such as the waxy leaf of a plant, the drop is often 

observed to bounce off. However, for about 10 years it has been known that the addition of very small quantities 
(~100 ppm) of a flexible polymer such as poly-(ethylene oxide) (PEO) can completely prevent rebound [1], as 
shown in Figure 1. This is surprising since the shear viscosity and surface tension of such drops are almost 
identical to those of pure water. This effect has for some time been explained in terms of the stretching of 
polymer chains by a velocity gradient in the fluid, resulting in a transient increase in the so-called “extensional 
viscosity” (the ratio of the first normal stress difference to the rate of elongation of the fluid), which for a 
polymer solution can be two or three orders of magnitude higher than that of the solvent. In particular, it was 
suggested that the elongational viscosity causes large energy dissipations during drop spreading immediately 
after impact on the target surface, so that nothing of the impact kinetic energy is available to propel the drop off 
the surface itself [1],[2].  

However, further investigations have demonstrated that in the absence of direct contact between the liquid 
and the substrate (for example, in the case of impacts on very small targets or of Leidenfrost drops [3],[4]), the 
anti-rebound effect is no longer observed. On the contrary, in some conditions polymer additives enhance 
bouncing. Therefore, one must conclude that the real cause of this phenomenon is to be sought in the dynamic 
wetting behaviour of dilute polymer solutions, and not in some bulk propery of the fluid such as the elongational 
viscosity. 

This work aims to study the behaviour of polymer molecules near the contact line of impacting drops by 
dissolving into the fluid small amounts of fluorescently stained λ-DNA molecules, which exhibit the same 
qualitative behaviour of synthetic polymers such as PEO, but are large enough to be visualized by optical 
microscopy. The results suggest that polymer molecules stretching occurs during the liquid retraction after 
maximum spreading, and is localized at the contact line, while nothing happens in the rest of the drop.  

Materials and Methods 
The experimental setup was constructed around an inverted epi-fluorescent microscope containing a x40 

objective (NA 0.75) and filter set. Droplets were formed at the end of a blunt hypodermic needle, suspended 
from a micrometer adjusted mount, and impacted on microscope coverslips coated with Fluoropel PFC1302A 
(Cytonix Corp.), with equilibrium contact angle of 105°±2°. Solutions were prepared with 0.2µgml-1 λ-DNA 
(NEB), stained with YOYO-1 dye (Invitrogen) at a dye:bp ratio of 1:8, dissolved in solution of 200 µgml-1 PEO 
(Aldrich). Excitation was provided by a visible continuous wave laser (λ ~ 450nm). The microscope was 
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equipped with a high speed camera (Phantom v9.1) fitted with image intensifier (Lambert Instruments). Movies 
of DNA solutions were captured at a frame rate of 1000fps, with exposure time of 400µs. 

To investigate the flow field away from the contact line, 2µm fluorescent colloids were diluted with both 
fluids to final concentration of <0.001wt%, and excited with a pulsed UV laser (λ ~ 355nm, repetition rate ~ 
8kHz) for particle tracking measurements during drop impact. Images were captured at 2000fps, resulting in 
each colloid being exposed four times in each frame. During spreading, particles were observed to follow radial 
paths. A linear fit to each sequence of particles was extrapolated back to the point of intersection with a 
reasonable error, to estimate the position of the drop centre and corresponding radial distance of each particle. 
The velocity was measured as vColloid~Δx.fLaser.  

Results and Discussion 
The behavior of drops containing polymer additives is almost identical to that of pure water drops during the 

expansions stage, but changes dramatically during retraction (Figure 1): the timescale of retraction is one order 
of magnitude longer, and the contact angle is much smaller than for a water drop. The results of particle tracking 
velocimetry suggest however that the flow field within the drop is very similar for the two fluids considered 
hence the reduction of the contact line velocity observed macroscopically cannot be a consequence of the 
polymer molecules stretching inelongational flow. Visualization of fluorescently stained DNA show that 
polymer stretching is localized, and occurs in correspondence of the contact line as it sweeps the impact surface 
during drop retraction. This creates an effective contact line friction, which reduces the drop retraction velocity 
hence inhibits its ability to bounce off the impact surface. 
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Figure 1. Drop impact on a Fluoropel-coated glass substrate: comparison between 
de-ionized water and a 200 ppm solution of PEO in the same water 
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