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Biology largely manages friction and lubrication across cellular sliding interfaces via soft and thin aqueous gels. 

We show load-independent friction in self-mated polyacrylamide hydrogel sliding configurations using highly 

compliant spherically-capped shell probes. These findings agree with da Vinci-Amontons’ friction law and may 

shed insights into the fundamental lubrication mechanisms of naturally-occurring aqueous gels. 
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1. Introduction 

High water content aqueous gels are found throughout 
the natural world and serve multiple functions, including 

maintaining hydration and lubrication across cellular 

surfaces sliding in relative motion. Biological hydrogels 

are fragile networks of proteins and polysaccharides 

swollen in water (<10 wt.% biopolymer content) [1]. In 

spite of wide-ranging in vivo tribological challenges, the 

friction coefficient (µ) of biological hydrogels is low and 

often characterized as “superlubricious” (µ < 0.01) [2]. 

However, the precise energy-dissipation mechanisms of 

these gels are not well understood, in part due to sample-

to-sample variability of biological samples. Here we use 

model hydrogels, including high-water content 
polyacrylamide (PAAm) to investigate gel lubrication. 

2. Methods 

2.1 Hydrogel preparation 

Polyacrylamide hydrogel samples were prepared as 

spherically-capped shells (2 mm radius of curvature, 0.7 

mm thickness) [3] and disks (30 mm diameter, 4 mm 

thickness). Gels were composed of 7.5 wt.% acrylamide 

(AAm), 0.3 wt.% N,N'-methylenebisacrylamide 

(MBAm), 0.15 wt.% tetramethylenediamine (TEMED), 

and 0.15 wt.% ammonium persulfate (APS) and swollen 

in ultrapure water for at least 72 h prior to testing. 
 

2.2 Tribological measurements 

We used a custom-built linear reciprocating 

microtribometer to measure friction coefficients across 

the self-mated (gel-on-gel) sliding interface. We applied 

monotonically increasing normal loads from 0.5 to 2.3 

mN using a double-leaf cantilever flexure with normal 

and tangential stiffnesses of 189.8 µN/µm and 93.3 

µN/µm, respectively.  

 

2.3 Results  

Under a constant normal load of about Fn » 1.5 mN for 

the cycle, the friction force within the analyzed region 

was approximately Ff » 5 µN, which results in a friction 

coefficient for this cycle of µ » 0.003. During monotonic 

loading of the Gemini sliding interface, the friction force 
increased in proportion with the normal load. The 

average friction coefficients calculated for each 

experiment appear to be load-independent over the 

allowable range of normal forces. 

 
Figure 1: a) The average friction force, Ff, is plotted as a 

function of average normal force, Fn. The slope gives the 

average friction coefficient, µ = 0.006 ± 0.002. b) For 

hydrogels with spherically-capped shell geometry in 

Gemini contact, the average friction coefficient is 

independent of normal force. 

3. Discussion 

The load-dependent friction behavior of Gemini 

hydrogels align with da Vinci-Amontons’ law of friction 

(Ff = µFn) because the contact area increases with the 

applied load [4]. Biological lubrication in healthy sliding 

interfaces may depend upon the presence of thin, 

compliant, and highly lubricious aqueous gels, which 

maintain low and load-independent friction over the 

course of our lifetime. 
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