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The HOMO-LUMO gaps have been estimated in a graphitesiecarbon network
with a progressive increase in the fractionspf carbons, taking into account several
possible structural alternatives for each composition. The gap is shown to increase
exponentially with the fraction afp® carbons. Accordingly, the gap in a diamond-like
sp® network decreases with the increase in the fractiogpdfcarbons.

There is renewed interest in the different forms ofgaps which follow the trend in experimental valdés.
carbon in the last few years. Besides structures involvin@'he atomic coordinates for the structures were obtained
mixtures ofsp? and sp® carbons such as hydrogenatedfrom force field minimization by using the molecular
amorphous carbora{C : H) and diamond-like carbolt®>  simulation program (Discover of Biosym Technologies,
there are other forms of carbon proposed on the baSan Diego) described earli2Extended Huckel calcula-
sis of theoretical considerations. Thus, on the basis dions were performed by using the ICON version 8 (by
topological considerations, Schwarzites involving 5, 6,R. Hoffmann) and were run in a VAX-88 machine. The
7, 8, and 9-membered rings have been proposed byrogram uses parameterized basis sets consisting af H 1
Townsencet al,* while Hoffmannet al® have suggested and C Zand 2 orbitals for hydrocarbon molecules. The
a novel form of conducting carbon. We have studieds/p electron exponent was 1.3 and 1.625, respectively,
the stability of structures of diamond-graphite hybridsfor H and C. The H(l, 1) values for the electron were
with differentsp?/sp® atom ratios by employing the force —13.6 and—21.4 eV for H and C, and fop electron
field methocf It is of considerable importance to explore of C it was —11.4.
whether such hybrids exhibit a range of band gaps Initial calculations on several hydrocarbon struc-
between those of graphite and diamond. Balabbal® tures showed that the aromatic hydrocarbondsg
have theoretically examined cubic or hexagonal diamondFig. 1(a)] containing onlysp’ carbons provides a
layers connected by graphitic strips and have predictedgood model for a graphitic sheet, with a very low
that the band gap should decrease with the increase HHOMO-LUMO gap. Similarly, the hydrocarbon;&Ho,
the strip width. Band gap estimates for the diamond{Fig. 2(a)] with a substantial band gap appears to be a
graphite hybrid structures with different fractions of good model for diamond. In what follows, we discuss
sp® carbons, which take into account several possibléehe HOMO-LUMO gaps in @ gHso (CiagHgy) Structure
structural alternatives, are, however, not available. Since
the band gap in such hybrids would depend not only

on the sp?/sp® atom ratio but also on how thep® ‘
(or spf) carbon atoms are distributed insg? (or sp’) (@ (b)
network, we have carried out a systematic study of the

HOMO-LUMO gaps in diamond-graphite hybrids, with

varying sp?/sp’ ratios, starting with a pursp’ layer at ALK

ying sp/sp’ g with a purep’ lay PSS B RIAATIIN

the graphite end and a three-dimensios@lnetwork at RAPIL S \“K‘!Sﬁ.’{"\!‘}ﬁ"‘:“‘

the diamond end. © SR H @ RS
S

In order to study the effect of incorporatingp®

XK
(or sp?) carbons in asp (or sp’) network, on the band
(HOMO-LUMO) gap, we have started with large hydro-
carbons containing either onlgp’ or sp* carbons and (@ (¢)
estimated the gaps by extended Huckel théordy.
may be noted that for a series of related systems, th

EHT method provides estimates of the HOMO-LUMO FIG. 1. Typical structures of the general compositionigBy:

(a) Ci10H30 with only sp? carbons, (b) GoHao with 9% sp* carbons,
(C) Ci110H110 with 73% SF13 carbons, (d) @ioH140 with 100% SF13
aAuthor to whom all correspondence should be addressed. carbons, and (e) and’JeC110Hsg wWith 16% sp® carbons.
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FIG. 2. Typical structures of the general composition,dBy: <f A/ﬁ{
(a) Ci20Hg with only sp? carbons, (b) GoHeg With 5% sp? carbons, @]
(c) CiaoHgg With 5% sp? carbons, and (d) GoH10s With 12% sp? 2.00+ o / O
carbons. * 1 90
e} yo) NS
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. . . . I o -0 0 %
with the progressive increase in the proportionspf 00080 O 0o~ 6
(sp?) carbons. 0.00 SRV Vet~ NN A S
C110H30 containing onlysp? carbons [Fig. 1(a)] has 0.00 0.20 040 060 080 100
a gap of 0.0009 eV. We have progressively increaset f(sp3)

the number ofsp® carbons in this network, taking into

account the different possible structures of such hybridsIG. 3. Plot of the HOMO-LUMO gap4, in Cyi1gHy, compositions
(see Fig. 1 for typical examples of such structures). Thug(ircles) against the fraction sp? carbonsf (sp). Triangles represent
the structure in Fig. 1(b) has m)a carbon atoms. As data on GyHy compositions. Experimental values are shown by stars.
we progressively increase the numberspf carbons, _

we finally obtain the structure with onlgg® carbons Or rows of fused benzene rings lower the band gap due
[Fig. 1(d)] with a high value of the gap~Q eV). In 1o their higher edge sites. Significant changes in the gap
Fig. 3 we have plotted the HOMO-LUMO gap), come about when we increase the numbesFéfcarbons
against the fraction ap® carbons in the GoHy system. — Not merely at the edges, but over the entire network as
(Note that the hydrogen content will also increase within Figs. 1(b) and 1(c). _ _

the increase in the fraction ef?* carbong). We see from The HOMO-LUMO gapsA, in the hybrids of the
Fig. 3 that the gap is in the 0.0—-0.8 eV range up to Heneral formula @oHy are described satisfactorily by
sp® fraction of ~0.4 and increases significantly when the expression,

the sp® fraction is increased further. Structures with a ; —

high sp* fraction have gaps in the range 1.0-4.0 eV. A (in eV) = 0.04 exp(4.34f),

When the sp® fraction is less than 0.4, we find a wheref is the fraction ofsp® carbons. The broken curve
range of gaps (0.0-0.6 eV) for different structures within Fig. 3 is that predicted by the above expression.
the same fraction of thep® carbons because of the Experimental values of the optical gaps reported in the
different ways of locating thesp® carbons in thesp? literaturd®!! also show an exponential increase with
network. For example, the structures in Figs. 1(e) andhe fraction ofsp® carbons, although they tend to be
1(€¢) show gaps of around 0.0 and 0.6 eV, respectivelysomewhat higher than those predicted by the above
the main difference between the two structures beingxpression.

that thesp® carbons are along the zigzag edge in 1(e), We have studied the variation in the HOMO-LUMO
whereas they are along the armchair edge in')1(e gap in a diamond network with a progressive increase in
Such differences give rise to changes in the gap, buhe number o6 carbons. The parent diamond network,
the changes are relatively small. When #p@ carbons Ci,Hgy, shown in Fig. 2(a) gives a gap of 7.22 eV.
cluster together to form cyclohexane, decalin, or theAlthough the experimental optical gap for diamond is
saturated forms of pyrene and coronene indfrelayer, 5.5 eV, theoretical values of 7—10 eV are considered to
the gap becomes very sma# 103 eV). Structures with be good estimate’s.We have calculated the gap of the
a highsp?® fraction (0.7—0.8) but low band gap (0.8 eV) Cio0Hy system by increasing the numbersyf carbons
are those where thep? carbons form strips of fused in the form of double bonds or aromatic rings as in
benzene rings. It has been observed edrlieat strips  diamond-like carbof.Typical structures of GgH, with
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8.00 are 1.84 eV and 1.34 eV, respectively, which are much
- lower than the gaps calculated for the pure hydrocarbons
7.00 F (2.8 eV and 1.8 eV, respectively). The data in Fig. 4 are
- also shown in theA vs f (sp’) plot in Fig. 3 (repre-
6.00 | sented by triangles) to demonstrate that they are de-
s scribed reasonably well by the same expression. The
5.00 experimental values of the gap with their uncertainties
3 5 are also shown in Fig. 3 to illustrate that they are not far
.4.00 } from the predicted trend.
< L A The present study demonstrates how the HOMO-
3.00 | A LUMO gap in diamond-graphite hybrids is a sensitive
A A function of thesp’/sp® ratio as well as the structure of
200 F A the hybrid. The marked variation in the gap when the
i A A f (sp’) is between 0.4 and 1.0 is noteworthy.
1.00 |
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