Chapter 5
Diamond Ds

Csaba L. Nagy and Mircea V. Diudea

Abstract Carbon allotropes, built up as hyper-structures of the classical diamond
and having a high percentage of sp® carbon atoms and pentagons, are generically
called diamond Ds. Four allotropes are discussed in this chapter: a spongy net; a
dense hyper-diamond Ds, with an “anti”’-diamantane structure; the corresponding
hyper-lonsdaleite; and a quasi-diamond which is a fivefold symmetry quasicrystal
with “sin”-diamantane structure. Substructures of these allotropes are presented as
possible intermediates in a lab synthesis, and their energetics evaluated at Hartree-
Fock, DFT, and DFTB levels of theory. A topological description of these networks
is also given.

5.1 Introduction

Nano-era, a period starting since 1985 with the discovery of Cgp, is dominated by
the carbon allotropes, studied for applications in nanotechnology. Among the carbon
structures, fullerenes (zero dimensional), nanotubes (one dimensional), graphenes
(two dimensional), diamonds, and spongy nanostructures (three dimensional) were
the most studied (Diudea and Nagy 2007). Inorganic compounds also attracted
the attention of scientists. Recent articles in crystallography promoted the idea of
topological description and classification of crystal structures (Blatov et al. 2004,
2007, 2009; Delgado-Friedrichs and O’Keeffe 2005).

Dendrimers are hyper-branched nanostructures, made by a large number of
(one or more types) substructures called monomers, synthetically joined within a
rigorously tailored architecture (Diudea and Katona 1999; Newkome et al. 1985;
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Tomalia 1993). They can be functionalized at terminal branches, thus finding a
broad pallet of applications in chemistry, medicine, etc. (Tang et al. 1996; Pan
et al. 2007).

Multi-tori are structures of high genera (Diudea 2005b, 2010b; Diudea and Nagy
2007), consisting of more than one tubular ring. Such structures can appear in
spongy carbon or in zeolites (DeCarli and Jamieson 1961; Aleksenski et al. 1997;
Kriiger et al. 2005). Spongy carbon has recently been synthesized (Benedek et al.
2003; Barborini et al. 2002).

There are rigid monomers that can self-assemble in dendrimers, but the growing
process stops rather at the first generation. At a second generation, yet the endings of
repeat units are not free, they fit to each other, thus forming either an infinite lattice,
if the monomer symmetry is octahedral, or a spherical multi-torus, if the symmetry
is tetrahedral. The last one is the case of structures previously discussed by Diudea
and Ilic (2011).

A detailed study on a multi-torus (Diudea 2010a; Diudea and Ilic 2011), built
up by a tetrapodal monomer designed by 7Trs(P4(T)) sequence of map operations
(Diudea 2005a, b; Diudea et al. 2006) and consisting of all pentagonal faces,
revealed its dendrimer-like structure (given as the number of monomer units added
at each generation, in a dendrimer divergent synthesis, up to the 5th one): 1; 4; 12,
24,12, 4. Starting with the second generation (i.e., the stage when first 12 monomers
were added), pentagonal super-rings appear, leading finally to the multi-torus. The
above sequence will be used to suggest a synthetic way to the multi-cage Cs7, which
is the reduced graph of the above multi-torus and one of the main substructures of
the diamond Ds.

This chapter is organized as follows: after a short introduction, the main
substructures of the Ds diamonds are presented in Sect. 5.2, while the networks
structure is detailed in Sect. 5.3. The next section provides a topological description
of the nets, and computational details are given in Sect. 5.5. The chapter ends with
conclusions and references.

5.2 Main Substructures of D5

Carbon allotropes, built up as hyper-structures of the classical diamond and having a
high percentage of sp? carbon atoms and pentagons, are generically called diamond
Ds (Diudea 2010a, b; Diudea and Nagy 2012; Diudea et al. 2012). The most
important substructures, possible intermediates in the synthesis of Ds, are detailed
in the following.

5.2.1 Structure Cs;

Structure Cs7, above mentioned, can be “composed” by condensing four Cyg cages
so that they share a common vertex. Starting from a tetrahedral configuration,
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C, axe view C; axe view side view

Fig. 5.1 Cs; multi-cage in different views

Fig. 5.2 Bond lengths and
NICS values (boldface) in the
acepentalene fragment for
Cs7-Dyq and Cs737-T4
(italics) and in CoHg-Cy
(underlined) and
C10H62_—C3V (italics)
obtained at the
B3LYP/6-311G(2d,p) level
of theory

1.367
1.360

1.389 (1.485)
1.345 (1.410)

18.56 (-9.34)
14.58 (-9.53)

1.367 (1.450)
1.362 (1.456)

1.509 (1.435)
1.512 (1.420)

geometry optimization of Cs;, without symmetry constraints, leads to a structure
with Dpg symmetry. The deformation occurs because of the degeneracy of the
frontier orbitals. Maximal symmetry can be achieved by an octa-anionic form.
This can be explained if we consider Cs; consisting of two fragments: the core
(in blue, Fig. 5.1), i.e., the centrohexaquinane C;; (Fig. 5.4 — Paquette and
Vazeux 1981; Kuck 2006) which is capped by four acepentalene (Haag et al.
1996) fragments (consisting of only three-valence carbon atoms — marked in red,
Fig. 5.1). A theoretical study (Zywietz et al. 1998) has shown the ground state
of acepentalene CioHg with 10 electrons has C; symmetry. Since in Cs7 the
four acepentalene fragments are isolated from each other, their local geometry is
close to the isolated acepentalene molecule. The dianion of acepentalene, with 12
electrons, is a stable and aromatic structure (C;oHg>-C3,) and has been isolated
as salts (Haag et al. 1998). If two electrons are added for each acepentalene frag-
ment, the geometry optimization resulted in a structure with tetrahedral symmetry
C578_-Td.

Figure 5.2 summarizes the geometry and local ring aromaticity in the acepenta-
lene fragments of Cs; and its anion (in italics) compared to that of acepentalene
(underlined values) and its dianion (in italics). It can be seen that in Cs; the
bonds are in general slightly longer than in its octa-anionic form, where the bond
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Table 5.1 Local strain Cs7-Dyg CioHe-Cs  Cs1357-Ty  CioHg2™-Cay
energies (kcal mol™1)

” A 37.359 17.974 42.695 8.233
according to POAV theory, B 25778 8506 18792 6118
computed for the C 17198  3.161 18792 6.118
three-coordinated carbon
atoms in the acepentalene D 19458 0.003 22.654 0.072
fragment E 19.703 1.246 22.654 0.072
F 22032 0.002 22.654 0.072
Labeling of the atoms position corresponds to that in
Fig. 5.1

Fig. 5.3 Patterns of the

partially hydrogenated Cs;

structure. The black dots

correspond to the linking

position of the hydrogen

atoms in the acepentalene CsrHlie T Csrthay S

fragment @ @

Cs7H3y Dyg Cs7Hz, Sy Cs7Hy* Dag

lengths are nearly uniform, ranging from 1.43 to 1.48 A. Notice the central bonds
(AB = AC = 1.48) are much longer in Cs; than in C 10Hg?™, with implications in the
pyramidalization of the central atom “A” (see below).

The NICS study revealed that, in Cs7%7, the fragment is aromatic and nearly the
same as the acepentalene dianion. However these rings are more antiaromatic in Cs7
than in C;oHg-C;.

The local strain energy of the three-coordinated atoms, induced by deviation from
planarity, was evaluated by the POAV theory (Haddon 1987, 1990) and is presented
in Table 5.1. Notice that both in Cs7 and its anionic form there is a big strain on
each atom compared to the isolated acepentalene. The central atom “A” has the
largest strain and becomes a reactive site, particularly in case of Cs;%7; this polar
atom is then pushed away from the molecule, and therefore the C,y moieties have
an elongated shape.

Strain relief could be achieved by partial or total hydrogenation (in general,
exohedral derivatization). There are known examples of non-IPR fullerenes that
are stabilized by hydrogenation/halogenation of their pentagon double/triple sub-
structures (Wahl et al. 2006; Prinzbach et al. 2006; Chen et al. 2004; Fowler and
Heine 2001; Han et al. 2008). Patterns appearing in the partially hydrogenated Cs;
structure are illustrated in Fig. 5.3.

All possible isomers in the addition of hydrogen to Cs; were checked: an even
number of hydrogen atoms (with one exception) were added to each acepentalene
fragment, from four up to ten (i.e., complete reduced species), only the lowest
energy isomers being illustrated in Fig. 5.3. Exception was the case when added
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Table 5.2 Single-point calculation results (HOMO-LUMO gap in eV and total energy E
in a.u.) for the Cs; multi-cage and the hydrogenated Cs;H,, derivatives, calculated at the
HF/6-31G(d,p) and B3LYP/6-31G(d,p) levels of theory

HF B3LYP
Structure PG  Gap E\ (au) E,/C Gap (eV)  Eiy (au) E/C
Cs; Dyq 7.57 —=2,156.98 —37.84 1.89 —2,196.27 —38.53
Cs7%— T4 791 —2,15427 —=37.79 3.12 —2,168.24  —38.04
Cs7Hj6 T4 11.55 —=2,167.19 —38.02 4.84 —2,181.06 —38.26
Cs7Hy*~™ Doy 1043 —2,169.01 —38.05 4.37 —2,183.13  —38.30
Cs7Hyy Dyy 1131 —=2,172.15 —38.11 4.78 —2,186.15 —38.35
Cs7Hyy M 11.44 —2,172.15 —38.11 4.83 —2,186.15 —38.35
Cs7Hs, Dyy 12,10 —2,177.08 —38.19 5.27 —2,191.22 —38.44
Cs7H3, M 12.11  —=2,177.08 —38.19 5.32 —2,191.22 —38.44
Cs7Hy9 T4 1427 —2,181.99 —38.28 7.37 —2,170.67 —38.08
r ‘Q/ ]
1\
C7H | »-Ty4 (1,4,12) CyHoy-Ty (1,4,12,24) Cs3Hyy-Cy, (1,4,12,24,12)

Fig. 5.4 Structures in the pathway to Cs; (1; 4; 12, 24, 12, 4); the number of atoms added shell by
shell is given in brackets

five hydrogen atoms and one electron, thus resulting an isomer with one aromatic
pentagon in each acepentalene fragment. Both Cs7Hy4 and Cs7H3, have two isomers,
with symmetries Dyq and Sy, respectively, and very close stability (the difference
in their total energy is only 0.01 kcal/mol, while in the HOMO-LUMO gap is
0.05 eV). In the totally reduced species Cs7Hag, the bond lengths are in the range
of 1.52 (core)-1. 56A (periphery) compared to 1. 55A in the dodecahedrane, so
that the C,¢ fragments regain a quasi-spherical shape. Single-point calculations for
hydrogenated Cs7H,, derivatives are listed in Table 5.2.

The stabilization by hydrogenation is more pregnant in case of Cyg; while
dodecahedrane CyoHyo was synthesized in amounts of grams, the efforts of scientists
to prove the existence of the smallest fullerene Cyy are well-known (Paquette and
Balogh 1982; Prinzbach et al. 2006).

Possible intermediates in the pathway to Cs; molecule, starting from Cj;
considered the “seed” of Ds, are presented in Fig. 5.4, while the single-point
calculation data are shown in Table 5.3. These species could be used as derivatives
(e.g., halogenated and hydrogenated ones) in the building of further structures. Their
stability was evaluated as partially hydrogenated species, the red bonds in Fig. 5.4
being kept as double bonds. The vibrational spectra of these molecules evidenced
a very rigid carbon skeleton, only the hydrogen atoms presenting intense signals.
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Table 5.3 Single-point calculation results (HOMO-LUMO gap in eV and total
energy Ey in a.u.) for intermediate structures leading to Cs; multi-cage, calculated
at the HF/6-31G(d,p) and B3LYP/6-31G(d,p) levels of theory

HF B3LYP
Structure PG Gap Eio (au) Ei/C Gap  Eiy (au) Eio/C
Cy7Hpn Ty 1299  —650.66 —38.27 6.04 —654.92 —38.52

C41Hoy Ty 1259 —1,566.40 —38.20 575 —1,576.58 —38.45
Cs3Hoy Ty 11.62 —2,020.50 —38.12 497 —2,033.59 —3837
CesHoy Ty 10.15 —2474.64 —38.07 3.78 —2,490.58 —38.32
Cs1Hyo Ty 1299  —3,090.56 —38.16 6.03 —3,110.51 —38.40

Fig. 5.5 Intermediate
structures to Ds network

CosHyy-Ty

Of particular interest are the outer (red) bonds in C7, the length of which varying by
the structure complexity. As the structure grows, an increase in their strain appears
provoking an elongation of the mentioned bond. This can be observed in the increase
of the total energy per carbon atom (and decrease of the gap energy) in the order
Ci7 > C4; > Cs3. However, with further addition of C,/C, fragments, finally leading
to a periodic network (see below), the considered bonds are shortened progressively.

A way from Cs;7 to Ds could include Cgs and Cg; intermediates (see Fig. 5.5).
The stability of these structures was evaluated as hydrogenated species (Table 5.3,
the last two rows). The structure Cg; (with a Cs7 core and additional 12 flaps) is the
monomer of spongy Ds network (see below). Its stability is comparable to that of
the reduced C;7 seed (Table 5.3, first row) and also to that of the fully reduced Cs;
(Table 5.2, last row), thus supporting the viability of the spongy lattice.

5.2.2 Hpyper-Adamantane

Other substructures/intermediates, related to Ds, could appear starting from Cj;.
The seed C;7; can dimerize (probably by a cycloaddition reaction) to CszsHj;
(Fig. 5.6), a Cy derivative bearing 2 x 3 pentagonal wings in opposite polar
disposition. The dimer can further form an angular structure Cs; (Fig. 5.6, right).
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Fig. 5.6 Steps to ada_20:
Cy7 (left) dimerizes to C34Hjo
(middle) and trimerizes to
Cs1Hyy (right)

Fig. 5.7 Adamantane-like structures: ada_20_170 (left), ada_20_158 (central), and ada_28_213
(right)

Talblel f;“ Sin‘éllte'POim Formula Symmetry GAP (eV) Eo/N (a.u.)
calculation results
(HOMO-LUMO gap in eV Ci7Hp Ty 6.04 —38.52
and total energy E in a.u.) at CasHip Dsq 3.236 —38.305
the B3LYP/6-31G(d,p) level CsiHys Cay 3.340 —38.257
of theory for some Cs7His D3y 2.969 —38.282
substructures of Ds Ci7oHi2 T4 3.171 —38.136
CissHi2(Ds_20) Ty 3.236 —38.139
Cy13Hpg(D5_28) Ty 3.696 —38.180
CasoHzo (Ls_28)  Dsp 0.333 —38.172
Ci34Hpo D3y 3.738 —38.188

A linear analogue is energetically also possible. The angular tetramer Cs; will
compose the six edges of a tetrahedron in forming an adamantane-like ada_20_170,
with six pentagonal wings (in red — Fig. 5.7, left) or without wings, as in
ada_20_158 (Fig. 5.7, central). Energetic data for these intermediates are given
in Table 5.4. The unit ada_20_158 consist of 12 x Cyy cages, the central hollow
of which exactly fitting the structure of fullerene Cpz. A complete tetrahedral
ada_20_196 consist of 16 x Cyy or 4 x Cs7 units. The hyper-adamantane is the
repeating unit of the dense diamond D5 (see below). A corresponding ada_28_213
can be conceived starting from Cyg (Fig. 5.7, right).

In the above symbols, “20” refers to Cy, as the basic cage in the frame of dense
diamond Ds (see below), while the last number counts the carbon atoms in the
structures.
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5.3 Diamond D5 Allotropes

Four different allotropes can be designed, as will be presented in the following.

5.3.1 Spongy Diamond D5

In spongy diamond Ds (Fig. 5.8), the nodes of the network consist of alternating
oriented (colored in red/blue) Cs7 units; the junction between two nodes recalls a Cyg
cage. The translational cell is a cube of eight Cs; entities. This network is a decora-
tion of the P-type surface; it is a new 7-nodal 3,3,4,4,4,4,4-c net, group Fm-3m; point
symbol for net: (5%)16(5°.8)36(5917; stoichiometry (3-c)4(3-c)12(4-c)24(4-c)12
(4-c)12(4-c)4(4-c).

The density of the net varies around an average of d = 1.6 g/cm?, in agreement
with the “spongy” structure illustrated in Fig. 5.8.

5.3.2 Diamond Ds

The ada_20 units can self-arrange in the net of dense diamond Ds (Fig. 5.9, left). As
any net has its co-net, the diamond Ds_20 net has the co-net Ds_28 (Fig. 5.9, right),
with its corresponding ada_28_213 unit (Fig. 5.7, right). In fact it is one and the
same triple periodic Ds network, built up basically from C,g and having as hollows
the fullerene Cog.

This dominant pentagon-ring diamond (Fig. 5.8) is the mtn triple periodic, three-
nodal net, namely, ZSM-39, or clathrate II, of point symbol net: {5°5.6}12{5°6}5
and 2[5'?]; [5'2.6*] tiling, and it belongs to the space group: Fd-3m. For all
the crystallographic data, the authors acknowledge Professor Davide Proserpio,
University of Milan, Italy.

Domains of this diamond network, namely, Ds_20_3,3,3_860 and Ds_28_3,3,
3_1022 co-net, were optimized at the DFTB level of theory (Elstner et al. 1998).

Fig. 5.8 Spongy Ds (Cs7) ) .
triple periodic network top view corner view
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Fig. 5.9 Diamond Ds_20 net and its co-net Ds_28 represented as (k.k,k)-cubic domains:
Ds_20_3,3,3_860 (left) and Ds_28 3,3,3_1022 (right); “k” is the number of repeating units on
each edge of the domain

Hydrogen atoms were added to the external carbon atoms of the network structures,
in order to keep the charge neutrality and the sp? character of the C—C bonds at
the network surface. Energetically stable geometry structures were obtained in both
cases, provided the same repeating unit was considered.

Identification of the equivalent carbon atoms in the neighboring units of the
3x3x3 super-cell along the main symmetry axes, envisaged a well-defined
triclinic lattice, with the following parameters: a =b=c=16.79 A and a = 60°,
B =120°, y = 120°, even the most symmetrical structure is fcc one. Density of the
Ds network was calculated to be around 2.8 g/cm?.

Analyzing the C-C bond distances in these carbon networks, the values
vary in a very narrow distance domain of 1.50-1.58 A, suggesting all carbon
atoms are sp° hybridized. Considering the one-electron energy levels of the
HOMO and LUMO, a large energy gap could be observed for both Ds_20_860
net (EHQMQ =-5.96 eV, ELUMO =+42.10 eV, AEHQMQ_LUMQ =8.06 CV) and
D5_28_1022 co-net (EHQMQ =—-6.06 eV, ELUMO =42.45 CV, AEHQMQ_LUMQ =
8.51 eV) structures, which indicates an insulating behavior for this carbon network.

Structural stability of substructures related to the Ds diamond was evaluated both
in static and dynamic temperature conditions by molecular dynamics MD (Kyani
and Diudea 2012; Szefler and Diudea 2012). Results show that C;;7 is the most
temperature resistant fragment. For a detailed discussion, see Chap. 7.

Note that the hypothetical diamond Ds is also known as fcc-Css because of
its face-centered cubic lattice (Benedek and Colombo 1996). Also note that the
corresponding clathrate structures are known in silica synthetic zeolite ZSM-39
(Adams et al. 1994; Meier and Olson 1992; Bohme et al. 2007) and in germanium
allotrope Ge(cF136) (Guloy et al. 2006; Schwarz et al. 2008) as real substances.

5.3.3 Lonsdaleite Ls

Alternatively, a hyper-lonsdaleite Ls_28 network (Fig. 5.10, left) can be built
(Diudea et al. 2011, 2012) from hyper-hexagons Ls_28_134 (Fig. 5.10, right), of
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Fig. 5.10 Lonsdaleite Ls_28 net represented as Ls_28_250 (side view — left); the substructure
Ls_28_134 is a hyper-hexagon of which nodes are C,g with additional two C atoms, thus forming
a Cy core (top view — central); the Ls_20 co-net (in red) superimposes partially over the net of
Ds_20 (side view — right) in the domain (k,k,2)

which nodes represent Cyg fullerenes, joined by identifying the four tetrahedrally
oriented hexagons of neighboring cages. The lonsdaleite Ls_28/20 is a triple
periodic network, partially superimposed to the Ds_20/28 net. Energetic data for
the structures in Fig. 5.10 are given in Table 5.4.

5.3.4 Quasi-Diamond D5

A fourth allotrope of Ds was revealed by Diudea (Chap. 19) as Ds_sin quasicrystal
diamond (Fig. 5.11), clearly different from the “classical” Ds, named here D5_anti.
The quasi-diamond Ds_sin is a quasicrystal 27 nodal 3,4-c net, of the Pm group,
with the point symbol: {5°}18{5%.6}18 {5°.8}16{5°}13. Substructures of this new
allotrope are shown in the top of Fig. 5.11.

5.4 Topological Description

Topology of diamond Ds, namely, spongy Ds (Fig. 5.8) and Ds_anti (Fig. 5.9), is
presented in Tables 5.5 and 5.6, respectively: formulas to calculate the number of
atoms, number of rings R, and the limits (at infinity) for the ratio of sp? C atoms
over the total number of atoms and also the ratio R[5] over the total number of rings
are given function of k that is the number of repeating units in a cuboid (k,k,k). One
can see that, in an infinitely large net, the content of sp? carbon approaches 0.77 in
case of spongy net while it is unity in case of dense diamond Ds.
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Ds_sin_524 1330, side Ds_anti_444 2106

Fig. 5.11 Diamond Ds-related structures

Table 5.5 Topological Formulas: Cs; net
description (sp?/sp® carbon > 7 >
percentage) of the spongy v(Ds) = 3k*[19+ 23(k — 1)] = 69k3 — 12k
SD5 diamond network e(Ds) = 2k*(65k — 18);m(Ds) = k*; k=12,...
as function of the number C(sp®) = 16k> — 24k + 48
of monomers k Clsp®) = 53k3 — 12k2 + 24k — 48
C(sp*>&sp’®) = 69k — 12k
C(sp*%) = (53k> — 12k + 24k — 48)/(69k> — 12k?)
lim (C(sp*%)) = 53/69 =~ 0.768116
k—o00
Rings[5] = 6k2(11k — 4)
6  lim (C(sp?)/C(sp’)) = 16/53 =~ 0.301887
k—o0

—_

[ NV N )
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Table 5.6 Topological description of diamond Ds_20 net function of k=1, 2,...
number of ada_20 units along the edge of a (k,k,k) cuboid

Ds_20; R[6]; formulas

1 vw(Ds20a) = —22 — 12k + 34k?
2 Atoms(sp®) = —10 — 36k? + 34k3
3 R[5] = —18 — 6k — 18k? + 36k
4 R[6] = —1 + 6k — 9k* + 4k*
5 R[5] + R[6] = —19 — 27k? + 40k3
R[5] i R[5] 9
6 im — =9, lm ——— = —
k—oo0 R[6] k—oo R[5] + R[6] 10
7 bim [Atoms(sp3) _ 10306k +34k* _ —(10/k%) — (36/k) + 34} _
k—00 v(G) —22 — 12k +34k3  —(22/k3) — (12/k?) + 34

5.5 Computational Methods

Geometry optimizations were performed at the Hartree-Fock (HF) and density func-
tional (DFT) levels of theory using the standard polarized double-zeta 6-31G(d,p)
basis set. For DFT calculations, the hybrid B3LYP functional was used. Harmonic
vibrational frequencies were calculated for all optimized structures at the same level
of theory to ensure that true stationary points have been reached. Symmetry was
used to simplify calculations after checking the optimizations without symmetry
constraints resulted in identical structures. The following discussion only considers
the singlet states.

To investigate the local aromaticity, NICS (nucleus-independent chemical shift)
was calculated on the DFT optimized geometries. NICS was measured in points
of interest using the GIAO (Gauge-Independent Atomic Orbital) method at GIAO-
B3LYP/6-311G(2d,p)//B3LYP/6-311G(2d,p). Calculations were performed using
the Gaussian 09 package (Gaussian 09 2009).

For larger structures, geometry optimization was performed at SCC-DFTB level
of theory (Elstner et al. 1998) by using the DFTB+ program (Aradi et al. 2007)
with the numerical conjugated gradient method.

Strain energy, induced by deviation from planarity, appearing in such nanostruc-
tures, was evaluated by the POAV theory (Haddon 1987, 1990), implemented in our
JSChem software (Nagy and Diudea 2005).

Topological data were calculated by our NanoStudio software (Nagy and Diudea
2009).

5.6 Conclusions

Four allotropes of the diamond D5 were discussed in this chapter: a spongy net; a
dense hyper-diamond Ds, with an “anti”’-diamantane structure; the corresponding
hyper-lonsdaleite; and a quasi-diamond which is a fivefold symmetry quasicrystal
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with “sin”’-diamantane structure. The main substructures of these allotropes were
presented as possible intermediates in a lab synthesis on the ground of their ener-
getics, evaluated at Hartree-Fock, DFT, and DFTB levels of theory. A topological
description of these networks, made in terms of the net parameter k, supports the
generic name diamond D5 given to these carbon allotropes; among these, the spongy
and quasi-diamond represent novel networks of Ds.

Acknowledgments CL Nagy acknowledges the financial support of the Sectorial Operational
Programme for Human Resources Development 2007-2013, cofinanced by the European Social
Fund, under the project number POSDRU 89/1.5/S/60189 with the title “Postdoctoral Programs
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