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Abstract 
Carbon forms a variety of compounds with single, double, triple and the 
intermediate resonance bonds with atoms of its own or other kinds. This paper is 
concerned with graphite, a very useful material, which is a stack of electrically 
conducting graphene layers held together by weak van der Waals (vdW) bonds. It 
crystallizes in hexagonal and rhombohedral forms, in which the hexagon inter-
planar bond distance is 0.34 nm. Here a new and simple approach accounts for 
this bond length and shows the coulombic nature of the vdW bond. 
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1. Introduction. 
Carbon [1a] is a wonder element of Nature. One of its forms, graphite [1b,2], 
crystallizes in hexagonal and rhombohedral forms. It is a solid stack of layers of 
graphene [1c,3] with the inter-planar spacing of 0.34 nm in both forms [1,2], held 
by weak van der Waals bonds [4a,b]. This article provides for the first time a new 
and simple interpretation of the length and nature of this bond.  
 
2. Atomic structure of graphene. 
Graphene is a two-dimensional network of regular hexagons of identical carbon 
atoms, with equal inter-atomic spacing of d(CC)res = 0.142 nm [1-3,5-7]. It is 
usually represented like a wire mesh in the ball and stick model [3]. Its electrical 
conductivity as an atomically thin material makes it very useful in many ways, see 
e.g., [8]. Its structure at the atomic level was worked out by the author [5-7], in 
which all the details can be found. The Fig. 4 in [7] shows the alternately charged 
cations and anions, which are the ionic resonance forms (as for the H2 molecule 
[2]) of the adjacent C atoms bound by covalent bonds, responsible for electrical 
conduction in graphene. This is shown in Fig. 1a here. The sum of the radii of the 
cation R(+) and anion R(-) is equal to the covalent bond length, d(CC), [7,9]. The 
atomic and ionic radii in Fig. 1a are related by the Golden ratio,  = (1+51/2)/2 as 
explained in [7,9] and in the legend for Fig.1. The covalent radius, RCres = ( -
1/2)aB = d(CC)res/2 = 0.71 nm, where ( -1/2) = 51/2/2  = 1.118 and aB is the Bohr 
radius obtained from the first ionization potential [10]. 
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  0.142 (3)1/2 = 0.246 nm 

d(CC) = 
2RCres =     
0.142 nm 

0.284 nm 

RCres(+) = 
0.054 nm 

d[C(1)…C(2)] = a + RCres(-) = 0.246 + 0.088 = 0.334 nm                                  = inter-planar distance = van der Waals bond length 

C(1) 

C(2) 

Unit cell [1b]:        
a = 0.246 nm,        
c = 0.671 nm,  
inter-planar 
distance = c/2 

a) Graphene   

b) Graphite 

RCres = 
0.071 nm 

RCres(-) = 
0.088 nm 

Figure 1. a) Graphene, [7]. Bond length d(CC) = 2RCres = 0.142 nm. The alternate red 
and blue circles are cations and anions (responsible for conduction) of radii, RCres(+) = 
d(CC)/2 and RCres(-) = d(CC)/and d(CC) = RCres(+) + RCres(-), where  is the Golden 
ratio (see [2] for details); b) Graphite. Atoms C(1) and C(2) are in adjacent graphene 
layers connected by the van der Waals bond as shown by the dotted line. 
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3. Atomic structure of graphite. 
In graphite [1,2], the graphene layers are connected by weak van der Waals bonds. 
Van der Waals bonds exist in a variety of molecules [11]. These bonds are, in 
general, longer than the covalent bonds. Pauling [2] describes van der Waals 
bonds as arising out of the attractive and repulsive forces, and defines the van der 
Waals radius as half the corresponding bond length. In the case of carbon, the 
reported value of van der Waals radius is around 0.17nm [4b,11,12]. The unit cell 
of graphite [1b] has the lattice constants, a = 0.246 nm and c = 0.670 nm. The 
inter-planar spacing in (both hexagonal and rhombohedral) graphite is c/2 = 0.335 
nm, which is the length of the van der Waals bond. Half of this is the van der 
Waals radius, 0.17 nm. 
 
4. The van der Waals bond in graphite. 
In Fig. 1b are shown two carbon atoms, C(1) and C(2) in two adjacent graphene 
layers (1) and (2) connected by the van der Waals bond of length d(C..C)vdW = 
0.335 nm (= c/2). On examining this distance, it was astonishing to find that it is 
actually the sum of the width of the graphene hexagon (0.246 nm, see Fig. 1a) and 
the anionic radius, RC(-) = 0.088 nm of carbon, 
 
d(C..C)vdW = 0.142[(31/2 +1/] = 0.246 + 0.088 = 0.334 nm                (1) 
 
where, d(CC)res = 0.142 = 51/2aB, 0.246 = 0.142(31/2) and RC(-) = 0.142/ = 0.088 
nm. It can be seen that all the distances are related to the Golden ratio, 
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This shows, for the first time, that the van der Waals bond in graphite is a long 
range coulombic bond between the positively charged carbon cation , C(1)(+) on 
graphene layer (1) and the negatively charged carbon anion , C(2)(-) in layer (2).  
 
References 
1. a) https://en.wikipedia.org/wiki/Carbon  
b) https://en.wikipedia.org/wiki/Graphite  
c) https://en.wikipedia.org/wiki/Graphene  
2. L. Pauling. The Nature of the Chemical Bond. Cornell Univ. Press, N.Y. 1960 
3. ‘The Home of Graphene’:  http://www.graphene.manchester.ac.uk/ 
4. a) https://en.wikipedia.org/wiki/Van_der_Waals_force 
b) https://en.wikipedia.org/wiki/Van_der_Waals_radius 
5. R. Heyrovska, Atomic Structures of Graphene, Benzene and Methane with 
Bond Lengths as Sums of the Single, Double and Resonance Bond Radii of 
carbon. http://arxiv.org/ftp/arxiv/papers/0804/0804.4086.pdf 
6. R. Heyrovska, Various Carbon to Carbon Bond Lengths Inter-related via the 
Golden Ratio, and their Linear Dependence on Bond Energies.   
http://arxiv.org/ftp/arxiv/papers/0809/0809.1957.pdf 
7. a) R. Heyrovska, Bonding distances as Exact Sums of the Radii of the 
Constituent Atoms in Nanomaterials - Boron Nitride and Coronene.  
http://arxiv.org/ftp/arxiv/papers/1004/1004.2667.pdf 
b) R. Heyrovska, L. Atchison, S. Narayan, Precsie Atomic Structures of Three 
Novel Nanomaterials in Nanotechnology, Biomedicine and Cosmology: 



6  
Graphene, Boron Nitride and Coronene. The Nanomaterials Symposium, 19 April, 
2010, JHU/APL Kossiakoff Center, MD. (Poster);  
http://precedings.nature.com/documents/4357/version/1 
8. "New design points a path to the 'ultimate' battery." ScienceDaily, 29 October 
2015. http://www.sciencedaily.com/releases/2015/10/151029152629.htm 
9.  R. Heyrovska, The Golden ratio, ionic and atomic radii and bond lengths.  
Molecular Physics, 103 (2005) 877 - 882. Special Issue of in honor of Nicholas 
Handy  
10. R. Heyrovska, Direct dependence of covalent, van der Waals and valence shell 
radii of atoms on their Bohr radii for elements of Groups 1A - 8A ( H. Ohtaki 
Memorial Lecture), Philippine Journal of Science, 137 (2) (2008) 133-139.  
http://arxiv.org/ftp/arxiv/papers/0708/0708.1108.pdf (v1) and v(2). 
11. S. Alvarez, A cartography of the van der Waals territories. Dalton Trans., 42 
(2013) 8617–8636. 
12. R. Heyrovska, Atomic, Ionic and Bohr Radii Linked via the Golden Ratio for 
Elements Including Lanthanides and Actinides. International J. Sci., Research 
Article, Volume 2, Issue Apr 2013, 63-68, http://www.ijsciences.com/pub/pdf/V2-
201304-18.pdf 
 


