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Abstract
Auxetics are materials which exhibit the unconventional property of expanding laterally upon the 
application of a uniaxial stress, i.e. have a negative Poisson's ratio [1]. The property of auxeticity, 
despite being uncommon, results in various highly desirable macroscopic properties such as enhanced 
indention resistance [2]. Auxetics may be used in various practical applications ranging from smart 
tunable filters [3] to biomedical devices [4]. Examples of auxetics reported so far include foams [5,6], 
various zeolites and silicates [7,8], some liquid crystalline polymers [9] and various mechanical systems 
[10]. In all of these cases, this anomalous behaviour results from the particular nano/micro/macro 
structure of the system, and the way this deforms upon the application of uniaxial stress.

Although auxeticity has so far been reported in a number of hypothetical carbon based systems [12], so 
far, little progress has been done at identifying realistic carbon-based auxetics which exhibit such 
behaviour. Here we report the results of force-field based simulations on defective graphene systems 
which suggest that graphene can be made to exhibit auxetic behavior through the introduction of 
randomly dispersed vacancy-type defects. For example, constant stress molecular dynamics 
simulations performed using the AIREBO (Adaptive Intermolecular Reactive Empirical Bond Order) 
potential [13] on defective graphene having double vacancies of the 5-8-5 type provide clear evidence 
that a negative Poisson's ratio may be obtained through the use of such defects (see Fig. 1a), as 
opposed to pristine graphene which was predicted to exhibit conventional characteristics (see Fig. 1b).  
Similar trends were also found using other forms of vacancy defects, or using other force-fields and 
modeling methodologies.

This lowering of the Poisson's ratio may have various practical implications and can be explained by the 
fact that the introduction of vacancy-type defects transform a relatively planar graphene sheet to a much 
more 'crumpled' form (see fig. 2a) which has the geometric features that permit manifestation of in-plane 
auxeticity. In fact, the simulations suggest that upon application of uniaxial stress, the 'crumpled' sheet 
re-flattens out with the result that it expands in the lateral direction. This mechanism is not dissimilar to 
that manifested at the macro-scale by a crumpled paper [14], which can be regarded as a disordered 
form of the egg-rack model [15] which also exhibits a negative Poisson's ratio as it unfolds when 
uniaxially stretched, see Fig. 2b.
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Figure 1: (a) A typical strain-strain curve as simulated by the AIREBO force-field for a system having 3% 
double-vacancy 585 type defects and (b) A typical simulated strain-strain curve for a system having no 
defects. Note that these graphs in suggest that in the defective system, an extension in the x-direction 
due to a uniaxial strain in the same direction results in an expansion in the y-direction (i.e. a negative 
Poisson's ratio) whilst in the non-defective system, an extension in the x-direction due to a uniaxial 
strain in the same direction results in a shrinkage in the y-direction (i.e. a positive Poisson's ratio).

Figure 2: (a) The effect of uniaxial stress on defective graphene with 3% 585 defects. Note that as a 
tensile uniaxial stress is applied, the sheet becomes more planar and exhibits in-plane auxetic 
properties. (b) the ‘crumpled paper’ model which illustrates the mechanism which results in the auxetic 
effect in defective graphene (image taken from Grech 2013).


