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Polytetrafluoroethylene (PTFE) has an exceptionally low friction coefficient of less than 0.1. Little is known
about the physical origins of this remarkable slipperiness. Although we know that a thin interfacial film of

PTFE mediates the  PTFE-substrate friction, its formation and frictional dynamics remain elusive. We use
pressure-sensitive fluorescent molecules attached to a glass substrate to directly image the molecular contact
area of PTFE, which allows us to resolve film formation during sliding. It becomes evident that PTFE surface
roughness highly influences friction coefficient and film build-up. 
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1. Introduction

Polytetrafluoroethylene  (PTFE),  also  known  as
Teflon,  is widely used in anti-stick pans and numerous
other  applications  where  low  friction  is  desired.
However, relatively little is known about  why PTFE is
so slippery. One of the things that is known is that PTFE
leaves a transfer film while sliding on a substrate. [1]

Sliding is believed to  happen between  PTFE and the
PTFE  transfer  film  instead  of  between  PTFE  and
substrate. In this work, we directly image the PTFE –
substrate contact area during sliding to investigate how
this film builds up and how it mediates friction. 

2.  Results

Using  a  glass  coverslip  with  covalently  bound
rigidochromic molecules  [2,3],  we  directly image the
‘real’ area of contact between a PTFE sphere and glass
(fig. 1A) under a static normal load. Only a small part of
the PTFE contacting the  glass  remains adhered after
removal of the PTFE sphere from the glass (fig. 1B). 
Interestingly, for roughened Teflon spheres, the contact

area  is  found  to  be  the  same  as  for  smooth  Teflon
spheres, but there is no visible adhesion of PTFE to the
glass after contact (data not shown). 
The adhesive junctions between PTFE and glass should
play an important role in the frictional strength of PTFE
on  glass.  However,  counter-intuitively, the  friction
coefficient of rough PTFE was found to be significantly
lower than that of smooth PTFE. 

3. Methods

A PTFE  sphere  brought  in  contact  with  a  a  glass
cover  slip  coated  with  rigidochromic  molecules
allows us to image the molecular-scale contact area
with a confocal fluorescence microscope (Leica).
Mechanical  measurements  are  performed  using  a

rheometer  (Anton  Paar)  or  a  home-built  force
measuring system. 
The  adhered  PTFE  lumps  on  glass  are  visualised
using an optical profilometer (KEYENCE-VX1000). 

2. Discussion

We have visualised the contact area and formation of
adhesive junctions under static load. The next step will
be to image the contact while sliding. We will be able to

see  with  molecular  resolution  whether  PTFE  slides
solely on the PTFE layer or if it is in direct contact with
the  glass.  This  will  allow  us  to  disentangle  the
contributions  of  surface  roughness,  adhesion  and
deformation to PTFE slipperiness. 
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Figure 1: (A) Image of PTFE – 
glass contact (300 mN normal 
load) and (B) PTFE traces on 
glass after PTFE-glass contact 
under the same normal load. 
A small part of the ‘real’ 
contact forms adhesive 
junctions that play a crucial 
role in friction.
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