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A Possible Superstructure: Hyper Graphite 
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We have shown a theorctical method to construct structures called "hyper-graphite which can 
be regarded as a generalizalion of the graphite stnicture. Based on the method, we propose a 
possible 3-dimensional network, which may be realized as a n-electron system of hydro-car- 
bon. Naturally, localired edge states eincrgc at the Ferrni level similar to the zigmg-edged 
graphite sheet. 

Keywords: graphite; zero gap semiconductor; edge states; polyacene 

It is well known that graphite is a semimetal and theoretically it is be- 
lieved that a single sheet of graphite will become a zero-gap semiconductor. 
Because of very unique characters of graphite, numerous studies have been 
done on it. Recently, we have found that there exist lots of graphite-like 
structures which can be predicted theoretically. Namely, we have given a 
method to  construct network structures being a zero-gap semiconductor 
having zero-energy surface (or edge) states."] Our method works in arbi- 
trary dimensions. In this article, we will demonstrate that the method 
actually predicts a new 3-dimensional (3D) structure, which is expected to 
be realized as a hydro-carbon. 

Our starting point is the study of graphite in nanometer scale, called 
"nanographite" . We have revealed that zero-energy states emerging at 
zigzag edged graphite, namely zigzag ribbon, causes many interesting ef- 
fects. 12,3,41 This localized states are called "edge states". Edge states give 
a sharp peak at Fermi level in density of states (DOS). Orbital magnetism 
and localized magnetism of the graphite ribbon are deeply affected by the 
edge  state^.[^^^] 
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380 YOSHITERU TAKAGI et al. 

Now! ari important st.ep to find it generalization of graphite is reron- 
siderntion of o w  analytic solution of edge states.“) The solution suggests 
a way ‘:to crente R structure” having similar zero-energy states as the 
grap1iit.e zigzag ribbon. We can actually tr)nst,ruct a nc:t.work striict,ure 
iteratively so that edge states are an eigen state. We call these s t ruc tuw 
rnade by this Inethod ‘~Hyp(~rgrapliite”14]. This is because structures have 
both characters of topology and electronic states of the 2D graphite sheet. 

We explain the method to make N-dirnensional lypergraphit,p. The 
nietliod is sunirnarized as following steps. i) Prepare a ( N  - 1)-dimensional 
AB bipartit,e stxucture on which at  least one nun-bonding orbital (NBO) 
having amplit.ude only on A-sites ex ii) Put  copies of t,his structure 
side by side from the origin t,o N-th d ion. Hare, we number structures 

, w) successively. iii) Connect B-sites of i-th structure with 
A-sites of ( i  + 1)-t.11 structure by extra bonds. Utilizing this method, we 
obtain a N-dirnensional AB bipart,it.e st,ricture on which noti-bonding edge 
states exist. Details of conditions to  be hypergraphite is given elsewhere, [’I 

We show a n  example of 3D hypergraphite in FIGURE 1-(a). This 
3D three-coordinated structure (we call it H1) is made of 2-D bipartit,e 
structures sliown in FIGURE 1-(b). Naturally, we can construct NBOs on 
t,his structure. 

FIGURE 1. (a) A 3-dimensional three-coordinated structure (HI strur- 
ture). (b) A 2-dimensional bipllrtitc btructure which is made by combining 
zigzag chains aligned in x-axis and zigzag chains aligned in y-axis This is 
a building block of H1. 

To discuss electronic state on H1, we consider a tight-binding model. 
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A POSSIBLE SUPERSTRUCTURE HYPER GRAPHITE 381 

where each site has only one .s-like wavefiinciton and transfer integrals are 
equal to unit between conriected sites. On-site cnexgy is L K ~ I  to zero. A 
band structure of a slab niodel of HI as well as the 1st Brillouiri zone (1st 
132) are shown in FIGURE 2. R‘e recognixe that there are two almost Hat 
bands around Ferini level. This is an evidrncp that edge states emerge on 
this structurc. 

FIGURE 2. (a) A 1st. Urillouin zone of Hlstructure. Edge states emerge 
in the shadowed spxc. (b) A band structure of slab model of H1 structiirc. 
This structure is made by connecting ten blocks shown in FIGURE l-(b). 

H1 st,ructure is act,ually found as a network of Si at.oins i i i  cu-ThSiz 
stmcture. However, we cainot apply t.he above simple s-band model to 
discuss real material. So, we now proceed to  predict another strucfure, 
which is expect,ed to bc realized a.s a carbon network. 

We show ,an example of realistic hypergraphik giving a A-electron net- 
work in FIGURE 3-(a). All two connected sites are assurncd to be ter- 
minated by hydrogen. This network ran be regarded as a superstruct.ure 
made of polyacene. Thus we call this n-clectron nctwork “Hyper Poly- 
acene” (HP). The important, point is. however, that this st.ruct,ure is crc- 
ated by the method t.o make a hypergraphite, so that the clectronic state 
should possess characters of hypergraphite. 
We c a l c i h e  a band stmcture of slal) model of HP with zigzag edge. 

This calculatrion is bawd on a tight. binding model that consists of 2s, 2 p  
orbitals of carbon atoms and 1s orbitals of hydrogen atoms as basis func- 
tions. We use a parameter set which is made by M. D. Wirin et & I .  As 
shown in FIGURE 3-(c) and (d), these are two almost flat bands aroiind 
Fermi level in the band structure. We cmi also obtairi an analytic exprm- 
sion of this edge states in A-electron nrtwork of this structure. Froin thcsc 
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382 YOSHITERU TAKAGI ct ul 

fact,s, wc call say that a liypergraphitc with -ir-elcctron systcxii is possible. 
If this 1iydrtrc.arboii is matie, it will show interesting propert,ies corning 
from edge st,ates. 

FIGURE 3 (a) A Skeleton of Hyper Polyac'nc (HP) a l ,  a2 and a j .  ale 
priinitive translation v c ~ h r s  All two coniictted sites arc assunied to be 
terrriinated by a hydrogen (1)) Tht 1st Brillouin zone of a slab model of 
HP with zigzag edgc Edge states emerge in the shadowed space (L) A 
band structure of slab model of HI3 with zigzag edge (A) indicates two 

flat ttantfs w h ~ h  are ~rihdc from edge states Bands aIourid thc FerIiii 1 ~ ~ 4  
arc' niagnihetl 111 (ti) 
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