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Abstract
In this paper, we present quantum mechanical investigations into electronic, structural and intermolecular
properties of diamondoids. Diamondoid molecules are cage-like, ultra stable, saturated hydrocarbons. Their basic
repetitive unit is a ten-carbon tetracyclic cage system called “adamantine” followed by diamantane, triamantane,
tetramantane, etc. They show unique properties due to their exceptional atomic arrangements. Interesting
nanotechnology applications are proposed for diamondoid molecules, such as structural components of
nanosystems, carriers in drug delivery, their use in formation of self-assembly monolayers and their applications in
crystal engineering, to name a few. Quantum mechanical computations are advanced to a level that we can predict
properties of diamondoid molecules with unprecedented precision.
Initially, we review some recurrent terms in quantum calculations including Hartree-Fock
approximation, density functional theory, ab initio calculations and related commercial and developing scientific
computer packages. Afterward, we present a number of case studies including electronic and structural properties
of diamondoids and their intermolecular interactions. Specifically we review advances made in diamondoids
quantum confinement effects, ionization potentials, electronic affinity, quantum conductance and intermolecular
interaction between adamantine and AFM tip made up of gold. We also present studies made on functionalized
diamondoid molecules (diamondoid derivatives) for possible applications in MEMS and NEMS.
Keywords: Ab initio calculation; Diamondoid; Electronic properties; Intermolecular interactions; Quantum
conductance; Quantum confinement; Structural properties

1. Introduction
Quantum mechanical calculations are
based on the famous Schrödinger wave equation,
(1)
In which ћ=h/(2), h is the Planck’s
constant,  is a wave function, t is time, m is
mass, x is position, Ĥ is the Hamiltonian and  is
the potential energy. This fundamental equation
has a role in quantum mechanics analogous to the
Newton's second law in classical mechanics. It
describes the time-dependence of the wave
function  in quantum mechanical systems.
In the mathematical solution of the
Schrödinger equation and its application for
characterization of atoms and molecules, the
inner system of each atom and molecule which
constitute many fundamental particles is
associated with the complex Hilbert space.
Hilbert space is the generalization of the
Euclidean vector algebra to spaces with any finite
or infinite number of dimensions. Each

instantaneous state of the quantum mechanical
system is described by a unit vector. Every such
time-dependent unit vector encodes the
probabilities for the outcomes of all possible
measurements applied to the system.
The ab initio (meaning “from the first
principles”) calculations include a variety of
computational methods used for characterization
and prediction of atomic and molecular structures
and properties based on the principles of
quantum mechanics. Ab initio calculations may
be used to find, for example, the intramolecular
and intermolecular potential energies including
bond lengths, bond angles and molecular
geometries.
Many efforts were made for the
analytical as well as numerical solution of
quantum mechanics for characterization of atoms
and molecules. As a result, a variety of
approximation techniques and numerical
methods for calculations were developed.
Among those techniques the Hartree-Fock (HF)
approximation and the density functional theory
(DFT) method are more widely developed and
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used. In what follows we briefly introduce these
approaches
and
their
applications
for
diamondoids.
1.1. The Hartree-Fock (HF) approximation
The basic idea behind the Hartree-Fock
approximation is that the motion of each electron
is assumed to be described by a molecular
orbital. Each molecular orbital is assumed to be
made of a linear combination of atom-centered
“basis set”.
While the molecular orbital concept is
valid for the hydrogen atom, it is an
approximation for other atoms and molecules. To
reach to this approximation is like assuming that
each electron in an atom or molecule is only
exposed to the average Coulomb repulsion of all
the other electrons in that atom or molecule.
A “basis set” is actually a set of
functions which are used to create molecular
orbitals. Each molecular orbital is expanded as a
linear combination of such functions with the
weights (or coefficients) to be determined. The
Hartree-Fock iterative procedure then solves for
the coefficients in such linear expansions. As a
result the Hartree-Fock approximation is a selfconsistent field (SCF) iteractive procedure to
calculate the so-called “best possible” single
determinant solution to the time-independent
Schrödinger equation.
In a mathematical formalism, this
approximation consists of finding the best set of
one electron orbitals in the Slater determinant
that represents the ground state. Therefore,
according to the variational principle, the best set
is the one which yields the lowest total energy for
the interacting system. The resultant orbitals are
given by a set of modified one-particle
Schrödinger equations that now is named
Hartree-Fock, equation [1]:

(r1, r2, …) = ψ1(r1)· ψ2(r2)·ψ3(r3)·…· ψN(rN).
Moreover, the equation yields orbitals which can
be used to construct excited states beyond ground
state.
1.2. Density Functional Theory (DFT)
Instead of concentrating on molecular
orbitals, which is the case for the Hartree-Fock
approximation, the density functional theory
(DFT) emphasis is on the density of electrons.
DFT is now-a-days a general approach for ab
initio calculations used to solve the Schrödinger
equation of quantum many-particle systems. In
DFT calculations the original many-body
problem is rigorously recast in the form of an
auxiliary single-particle problem [2-4]. In fact,
the Thomas-Fermi theory was the first theory of
electronic energy in terms of the electron density
distribution [5].
1.3. DFT is based on two general theorems
Any physical property of an interacting
electron gas, in its fundamental state, can be
written as a unique functional of the electron
density ρ(r) and, in particular, its total energy
E(ρ). The total energy of an electron gas in the
presence of a background potential may be
written as a functional of the charge density.
The total energy E(ρ) reaches its
minimum for the true density ρ(r), i.e., derived
from the Schrödinger equation. Therefore, the
true charge density of the system is that which
minimizes this functional, subject to it having the
correct normalization.
For electrons moving in a potential field
due to ions, E(ρ) is expressed as

E (  )  e2  [   (r )  (r ') / r  r ' ]d 3rd 3r '
e2 / 2 [   (r )  (r ') / r  r ' ]d 3rd 3r '
e2 / 2 [   (r )  (r ') / r  r ' ]d 3rd 3r '
T [  (r )]  Exc[  (r )]

(2)
This approximation assumes that each
electron moves under the combined influence of
the external potential (r) (Hartree - Fockexchange potential). Here, the Hartree potential
is expressed as the electrostatic potential due to
the electron density distribution n(r) via the
Coulomb interaction e2/ r – r’ . On the other
hand, the nonlocal Fock exchange potential is
due to the one-particle density matrix n(r, r’) as a
consequence of the Pauli principle. Both, the
electron density and density matrix, are given by
the N lowest energy orbitals of Equation (2). The
many-electron wave function Ψ is approximated
as a product of single-particle functions ψi, i. e. Ψ
68

(3)
where ρ+(r) is the number of elementary positive
charges per unit volume. The first three terms in
the right-hand side of the above equation are due
to the classical Coulomb electron-ion, electronelectron and ion-ion interactions, respectively.
The fourth term is the kinetic energy of a
noninteracting electron system of density ρ(r).
The last term is the exchange and correlation
energy [6]. DFT tends to give very accurate
results for simulating fundamental electronic and
structural properties of matter (metals,
semiconductors, and insulators).
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Figure 1. The B3LYP/6-31G* optimized geometries of selected diamondoids with numbering of carbons [9].
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Figure 2. Illustrations of the hydrogen passivated large nano-diamond clusters studied by Areshkin and
colleagues [16]. The numbers of carbon atoms for the structures are also reported in this figure.

To illustrate the application of DFT for
diamondoids, Figure 1 shows optimized
geometries of some diamondoid molecules
calculated using the three-parameter hybrid
functionals of Becke [7], and the correlation
functional of Lee, Yang and Parr [8]. These
approximations are known as the B3LYP “level”
of the density functional theory. The B3LYP/631G* optimized geometries were performed by
Fokin and colleagues [9] in investigation of
properties such as enthalpies of formation,
ionization potentials, strain energies, and
functionalization of diamondoid molecules. In
this section, some aspects of the most usual
theoretical approximations used to predict
diamondoid properties will be discussed.
1.4. Some basic ab initio computations for
diamondoids
Diamondoids, as molecular building
blocks for nanotechnology, are essentially
diamond fragments with hydrogen termination.
Thus, they are expected to present insulating and
toughness properties as bulk diamond, due to
structural similarities. Ab initio calculations can
be a very useful tool in predicting structural and
electronic properties of diamondoid molecules.
In addition to the Hartree-Fock and
DFT methods, we should also mention the
Quantum Monte Carlo (QMC) calculation
approach
and
the
tight-binding
(TB)
approximation which are also used for
diamondoids property calculations.
QMC is a stochastic computation/
simulation technique based on random number
generation of a variable to statistically estimate
the function. Drummond and co-workers [10],
used QMC and DFT in prediction of the
properties of diamondoid molecules. Their QMC
calculations were performed with CASINO code
[11], using Slater-Jastrow [12], trial wave
functions of the form ΨT = DDexp[J] [12].
Here, D and D are Slater determinants [13], of

up and down spin orbitals taken from the DFT
calculations and exp[J] is a Jastrow correlation
factor, which includes electron-electron and
electron-ion terms expanded in Chebyshev
polynomials. Also Jensen and co-workers [14],
published a rather detailed assignment of the
normal modes of vibration of adamantane and
deuterated-adamantane, and produced the normal
mode based empirical correction factors at the
Hartree–Fock, DFT (B3LYP) and 2nd order
Møller–Plesset perturbation theory (MP2) levels.
The tight-binding (TB) approximation
approach assumes that valence electrons are
completely delocalized when a solid is formed.
On the contrary, core electrons remain much
localized and, thus, discrete core levels of the
atoms are only very slightly broadened in the
solid state. The corresponding wave functions
are not very different, in the vicinity of each
atom, from the atomic wave functions [15].
A
self-consistent
environmentdependent tight binding calculation for very
large diamondoid clusters (named as "hydrogen
passivated nano-diamonds" as shown in Figure
2) was performed by Areshkin et al. [16], to
examine
their
electron
emission-related
properties.
For sizes larger than 2.5 nm particle
bandgap was found to be equal to the bandgap of
bulk diamond. Coulomb potential distributions
and electron affinities of clusters were found to
be insensitive to the particle size if it exceeded
1.0
nm.
Tunneling
probabilities
for
homogeneous and inhomogeneous emission
models were estimated. The simulation results
indicate that the low emission threshold for
hydrogen passivated diamond nano-clusters is
due to hydrogen-assisted emission from the
edges of small unpassivated islands. They
predicted no LUMO energy shift down to 34
carbon atoms for such very large diamondoid
clusters.
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1.5. Commercial and scientific computer codes
(ab initio packages)
A number of commercial and scientific
ab initio computer codes have been developed in
order to predict and simulate properties of
different atomic, molecular and nano systems. In
what follows we briefly present four such
packages which are more widely used for
diamondoids characterizations and we present
some of the results based on these packages in
this paper.
Gaussian 03 (www.gaussian.com) is a
computational chemistry software program. The
name originates from the use of Gaussian
orbitals to speed up calculations compared to
those using Slater-type orbitals. This improved
performance on slower computer hardware and
facilitated the growth of computational
chemistry, particularly ab initio methods such as
Hartree-Fock [17].
FLAPW
(iffwww.iff.kfa-juelich.de/
~bluegel/flapw/flapw_home.html) stands for
“Full-Potential Linearized Augmented Plane
Wave”. This package is an all-electron method
universally applicable to all atoms of the periodic
table and to systems with compact as well as
open structures, within DFT calculations.
It is widely considered to be the most
precise electronic structure method in solid state
physics. It is considered among the most
accurate methods for performing electronic
structure calculations for crystals.
MOLPRO (www.molpro.net) package
is a complete system of ab initio programs for
molecular electronic structure calculations. With
this package, accurate ab initio calculations can
be performed for much larger molecules than
with most other programs. MOLPRO is
distinguished from other commonly used
quantum chemistry packages, as its emphasizes
highly accurate computations. By using recently
developed
integral-direct
local
electron
correlation methods, this package enables
significant reduction of the increase of the
computational cost with molecular size.
Atomistix ToolKit (ATK) and Virtual
NanoLab (VNL) (www.atomistix.com) combine
ab initio approximations such as non-equilibrium
Green´s functions (NEGF) and density
functional theory (DFT) for simulating and
modeling electrical properties of nanostructures
when two electrodes are coupled with a
nanostructure. The entire system is treated selfconsistently under finite bias conditions. ATK
whose predecessor is TranSIESTA-C package is
an ab initio electronic structure program capable
of simulating and modeling electrical properties
of nanostructured systems coupled to semiinfinite electrodes. The VNL software package
(www.virtualnanolab.com) is based on ATK and

gives access to atomic-scale modeling techniques
with a graphical interface for simulation and
analysis of the atomic scale properties of
nanoscale devices.
2. Electronic and structural properties of
diamondoids
2.1. Electronic structure
The first step in the investigation of
electronic properties of molecular clusters is to
determine (theoretically or experimentally) the
electronic density of states (EDOS), mainly
identifying mainly the energies of the highest
occupied molecular orbital (HOMO), the lowest
unoccupied molecular orbital (LUMO) and the
band gap which is the difference between the
HOMO and LUMO energies,
Band Gap ≡ ELUMO - EHOMO.

(4)

In diamondoids and other organic
compounds the HOMO level plays the role of the
valence band, the LUMO level plays the role of
the conduction band, and the band gap is
inversely proportional to the excitability. The
analysis of changes on band gap associated with
the size of the molecules provides us important
information concerning electrical properties of
the matter. To illustrate, Figure 3 shows EDOS
spectra for four diamondoid molecules,
adamantane, diamantane, tetramantane and
decamantane.
The EDOS spectra reported in Figure 3
were obtained by using DFT within the local
density
approximation
(LDA).
This
approximation is essentially a method for
calculation of the electronic band structure of
solids and expresses the potential of an electron
at a given location as a function of the electron
density at the same site. The spectrum consists of
discrete eigenvalues associated with the finite
size of the molecules. Moreover, some
considerations were taken into account, such as
the use of the Troullier-Martins pseudopotentials
to describe the effect of atomic nuclei plus core
electrons on the valence electrons and the
Perdew-Zunger-parametrized
exchangecorrelation potential [18,19], as implemented in
the SIESTA code (www.icmab.es/siesta/).
However, the EDOS model spectra of
McIntosh and co-workers [20], for diamondoids
(Figure 3), and all current theoretical approaches,
differs from the experimental EDOS spectra
obtained by Soft X‐ray emission (SXE) and
X‐ray absorption (XAS) spectroscopy for
HOMO and LUMO mapping, respectively.
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Figure 3. Electronic structure of an (a) adamantane, (b) diamantane, (c) tetramantane, and (d) decamantane.
Energy = 0 corresponds to the Fermi level. The fundamental HUMO-LUMO band gaps are indicated in eV
[20].

2.2. Quantum confinement effect
Quantum confinement effect (QCE) is
the phenomenon of nonzero lowest energy and
quantization of the allowed energy levels in lowdimensional structures, arising from the
confinement of electrons within a limited space
[6]. This effect predicts that with decreasing in
particle sizes the band gap increases due to
shifting of the band edges [21].
Diamondoid molecules, being lowdimensional structures, allow the study of the
QCE in the molecular size limit. These
molecules are perfectly size-selected, neutral,
fully sp3 hybridized and exhibit a complete
hydrogen surface termination which generally is
used by most theoretical models describing
semiconductor nanoclusters [21].
To observe the existence of QCE in
diamondoid molecules it is necessary to assess
the dependent-size HUMO and LUMO energy
shifts. Experimental band gaps are estimated by

comparing the diamondoid inflection points of
both SXE and XAS. Diamondoids’ band gaps
increase with decreasing size from hexamantane
through adamantane, as is demonstrated by the
experimental (SXE and XAS) data in Figure 4,
and the theoretical (DFT and QMC) methods
(Table 1). Thus, the experimental and theoretical
results confirm the existence of QCE in
diamondoid molecules. However, most of the
theoretical results of HUMO-LUMO energy gap
calculated by models are overestimated when
compared to the experimental data for
diamondoids (compare Table 1 data with those
in Figure 4). One likely reason for this
discrepancy is the strong influence of basis set
used in the theoretical models. Another reason is
the fact that quantum calculations are done on
noninteracting clusters whereas experimental
measurements
use
condensed-phase
diamondoids, where particle-particle interaction
may play an important role on the results [22].

Figure 4. Quantum Confinement effect in diamondoids. Experimental data from SXE-XAS spectroscopies [21]
and quantum calculations from DFT and QMC models. DFT-a [20]; QMC and DFT-b [10]; DFT-c [24];
DFT-d [25].
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Table 1. HUMO-LUMO gaps [eV] calculated (DFT and QMC methods) and estimated from the SXE and
XAS data.

DFT[20]

DFT[24]

7.62
7.24
6.97
6.77-6.84
6.54-6.77
6.34-6.70
5.4

7.84
7.32

Compound
adamantane
diamantane
triamantane
tetramantanes
pentamantanes
hexamantanes
bulk diamond

QCE is expected to push diamondoid
band gaps into the UV range, enabling a unique
set of sensing applications [10].
2.3. Ionization potential and electron affinity
In this section, some fundamental
properties of diamondoids, such as ionization
potentials (IPs) and electron affinity (EA) will be
presented.
The IPs are fundamental values for all
materials. In fact, they are of central importance
for all potential technological applications as
well as in theoretical predictions. The adiabatic
(vertical) IP corresponds to the energy difference
between the ground state of a neutral molecule
and an ionized molecule in the same geometry.
Thus, the IPs are experimentally determined
from photoion yield measurements of
diamondoids in the gas phase [23]. Experiments
carried out in the gas phase prevent alterations in
the electronic structure of a molecule due to
particle-particle
and
particle-substrate
interactions which exist in condensed phases
[22].
Figure 5 shows the adiabatic (vertical)
experimental and theoretical IPs of diamondoids

G98DFT[25]
9.33
8.89
8.61
8.46-8.47
8.26-8.38
8.07-8.26

DFT[10]

QMC[10]

5.77
5.41

7.61
7.32

5.03

7.04

4.23

5.6

SXEXAS[21]
6.03
5.82
5.68
5.60-5.65
5.51
5.54
5.47

of various polymantane orders. Here,
polymantane order represents the number of
adamantane cages that form a given diamondoid
molecule. Thus, adamantane, diamantane, and
triamantane have polymantane order of 1, 2 and
3, respectively. Fokin and colleagues [9] and Lu
and colleagues [25], in parallel and
independently, performed DFT calculations at
the B3LYP/6-31G(d) level of theory using the
GAUSSIAN03 and GAUSSIAN98 computer
codes, respectively, to calculate the vertical IPs.
On the other hand, Drummond and co-workers
[10], used QMC methods in theoretical
predictions of diamondoids IPs. According to
Figure 5 only the IP of adamantane
(polymantane of order 1), calculated with QMC,
is quite different (more than 1 eV) from the
measured and other theoretical values (by more
than 1 eV). Additionally, a larger H-terminated
diamond molecule, close to an order 6
polymantane (see Figure 5), with the chemical
formula C29H36 is shown as a higher order
diamondoid for comparison. This molecule was
empirically constructed to be approximately
spherical and belonging to the T d group
symmetry. Indeed, its size lies between
pentamantane and hexamantane, however, it is

10.5
B3LYP(
G98)
B3LYP(
G03)

Ionization potential (eV)

10
9.5
9

8.5
8

7.5
0

2

4
6
Polymantane order

8

Figure 5. Comparison of the experimental adiabatic (vertical) ionization potential (IP) data of diamondoids
and DFT [B3LYP/6-31G(d)] calculations with GAUSSIAN03 [9] and GAUSSIAN98 [25], as well as QMC
[10] predictions [23].
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Figure 6. Electron Affinities (EAs), (in eV) calculations of adamantane, [121]tetramantane and C29H36
(spherical particle). QMC and DFT-a calculations by Drummond and co-workers [10] and DFT-b calculations
by Wang and co-workers [30].

not a true diamondoid due to its different round
shape and the lack of cage-only structure [10,23].
Sharp decrease in IPs with increasing
polymantane order for, both theoretical
predictions and experimental data can be seen as
a consequence of the QCE. The DFT
calculations of Fokin and co-workers [9] are in
good agreement with experimental results,
whereas the DFT calculations performed by Lu
and colleagues [25], underestimate IPs when
compared to experimental data, with a maximum
absolute error of 0.4 eV.
In contrast to diamondoids which
exhibit monotonic decrease of the IPs with
increasing molecular size, the IPs of fullerenes
exhibit no monotonous trend regarding size
dependence [26].
Some researchers [27-29], have pointed
out that H-terminated nanodiamond surfaces
exhibit negative electron affinities (NEAs),
which may suggest that diamondoid molecules
would also have NEAs. This electronic feature
can open up possibilities in optoelectronic
applications such as coating surfaces with
diamondoids, to produce new electron – emitting
devices. QMC [10], and DFT [10, 30]
calculations have demonstrated the existence of
NEAs in isolated diamondoid molecules, as can
be seen in Figure 6. For adamantane, Drummond
co-workers [10], have calculated Electron
Affinities (EAs) with similar results using QMC
and DFT methods. A closer look in Figure 6
reveals NEA values of ~ 0.3 eV for higher
diamondoids, i.e., [121]tetramantane and C29H36
(a spherical diamond cluster).
2.4. Electronic properties
Quantum mechanical principles (ab
initio packages) can be used to predict electronic
properties of diamondoids and derivatives. As an
example, Figure 7 shows electronic properties of
an elongated hexamantane isomer (isolated) and
74

within an infinite diamondoid chain (as an
infinite
quasi-one-dimensional
crystalline
counterpart). Note that the electronic spectra of
hexamantane (Figure 7(b)) and its infinite
crystalline counterpart (Figure 7(e)) are similar
and characterized by a series of van Hove
singularities [31], in the valence and conduction
regions. In fact, the dense sequence of these
singularities reflects the dense spectrum of
relatively flat bands, as seen in Figure 7(f),
showing a wide-gap that features this system as
an electrical insulator. However, due to the
probably NEA of diamondoids [27-29],
associated with a large length-to-diameter aspect
ratio, diamondoid chains may surpass carbon
nanotubes in applications such as cold cathodes
or low-voltage electron emitters in flat panel
displays [20]. Additionally, an infinite
diamondoid chain could possibly acquire
conductivity by mechanisms of n-type (electron
or hole) doping.
A simple analysis of the charge
delocalization as a prerequisite for electrical
conduction could be done, comparing the charge
distribution of the top-valence and bottomconduction bands of a diamondoid chain, Figure
7(g), with those of the HOMO and LUMO of the
hexamantane molecule, Figure 7(c). The results
for the infinite diamondoid chain suggest that the
charges associated with the valence band is
localized in pockets near interatomic bonds,
hindering “hole transport”. Observe that this
charge distribution is very similar to that of the
HOMO of hexamantane. On the other hand, the
conduction band consists of four strongly
delocalized states placed on the outer perimeter
of the structure, which could be used to conduct
electrons. Thus, these extended conduction bands
find their counterparts in the LUMO of
hexamantane, which is also similar in
delocalization and across the middle section of
this molecule. In addition, the bottom-
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Figure 7. Structural and electronic properties of an elongated haxamantane isomer (left panels) and an infinite
diamondoids chain (right panels). The equilibrium structures are presented in (a) and (d), with the large
spheres denoting carbon and the small spheres hydrogen atoms. The electronic density of states are shown in
(b) and (e), with the Fermi level at EF = 0. The one-dimensional HOMO and LUMO band structures of the
infinite diamondoid chain are shown in (f). The charge-distribution of electrons in the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of hexamantane is shown in
(c). The corresponding charge distribution in the top valence and bottom conduction band of the diamondoid
chain is shown in (g) [20].

conduction band is quite flat, suggesting that the
electrons in a lightly electron-doped system
should have a low mobility.
Diamondoids have wide band gaps, thus
their chemical doping is unlikely to provide free
carriers, since it would require the introduction
of impurities with a very low ionization
potential, likely to introduce trap sites. McIntosh
and colleagues [20], suggested that a more likely
scenario of n-type (electrons or hole) doping
would involve enclosing the diamondoid chain
inside a carbon nanotube and n-type doping the
surrounding nanotube. Alternatively, De
Azevedo and co-workers [32], were able to
promote physical doping in polyaniline (PANI),
by gamma irradiation using 60Co at low absorbed
dose (< 1 kGy). PANI is an intrinsically a

conducting polymer and its conductivity is
associated to its different oxidation states that
changed with irradiation. Hence, interaction with
ionizing radiations might be an alternative to
diamondoid n‐type doping.
2.5. Functionalized diamondoid molecules
An interesting controllable method to
connect diamondoids with strong bonds lies in
the construction of functional elements of NEMS
devices based on diamondoid molecules.
Originally, Drexler [33], postulated a new
concept
in
nanotechnology
named
“mechanosynthesis” that drives to creation of
nanoscale electromechanical systems (NEMS)
He also suggested that diamondoid molecules
could be useful for construction of these
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Figure 8. Structure, interaction energy, and electronic properties of unmodified and functionalized
diamantanes: (a) Structural arrangement and (b) interaction energy of two unmodified diamantanes C 14H20,
separated by distance d. (c) Structural arrangement and (d) interaction energy of two chemically modified
diamantanes, C13BH19 and C13NH19, with the B and N sites in the neighboring molecules facing each other. (e)
Equilibrium structure and (f) density of states of C13BH19. (g) Equilibrium structure and (h) density of states of
C13NH19. Dashed lines indicate the position of the HOMO and LUMO in the unmodified diamantanes, with
bandgap = 7.240 eV. Boron (light shading) and nitrogen (dark shading) sites are emphasized in (c), (e) and (g)
[20].

nanosystems. However, chemically unmodified
diamondoid molecules interact rather weakly,
leading to the formation of molecular crystals
[34]. To illustrate this feature, Figure 8(a) and
8(b) depict the arrangement and binding of two
interacting diamantane cages. As can be seen, the
binding energy of two diamantanes is only
0.13 eV. On the other hand, an alternative way to
improve
bonding
involves
chemical
functionalization of diamondoids in order to
create more reactive sites. Of course the
elements for substitution must be close to carbon
in the periodic table, such as boron (B) and
nitrogen (N), which have similar atomic sizes as
carbon. Moreover, carbon is already successfully
substituted by B and N in carbon nanotubes and
fullerenes [35]. Figure 8(c) shows that a similar
substitution of terminal carbon atoms by B and N
in adjacent diamondoids, would result in a much
stronger polar bond between the modified
molecules, as confirmed by the increase in
binding energy shown in Figure 8(d). The
binding energy of 1.64 eV between this
functionalized diamondoid would prevent
spontaneous dissociation at room temperature.

In Figures 8(e) - 8(h) results of
substitution of the CH group in diamantane
(C14H20) by a boron and a nitrogen atom are
shown, leading to stable structures with
geometries closely related to that of unmodified
diamantane.
The average calculated CC bond
lengths for both diamondoid molecules and
infinite diamondoid chain is 1.530 Å [10]. The
equilibrium CC bond length calculated for
optimized bulk diamond structure is of ~1.540 Å,
which demonstrates good agreement with the
experimental value of 1.544 Å [31,36].
The CB bond length, in C13BH19
structure (Figure 8(e)) is somewhat larger than
the CC bond length, suggesting a weaker bond.
Alternatively, in C13NH19 (Figure 8(g)), the CN
bond is shorter than the CC bond, suggesting a
stronger bond. McIntosh and co-workers [20],
suggested that the substitution of C atom by
either B or N atoms leads, in both cases, to
impurity states within the HOMO-LUMO
optical gap of their density of states (DOS), as
can be seen in Figures 8(f) and 8(h).
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Figure 9. Total charge distribution in (a) C13BH19 and (b) C13NH19 in their equilibrium structure, shown in
Figs. 8(e) and 8(g). (c) Total charge distribution and (d) electronic density of states of C13BH19 interacting
with C13NH19, in the structural arrangement displayed in Figure 8(c) [20].

Figure 9 depicts the effect of atomic
substitution, carbon by either B or N, on the
overall charge distribution within the
functionalized diamondoid molecules. The
excess charge at the N site in C13NH19, sharply
visible by charge density protrusion in Figure
9(b), when combined with a charge deficit at the
B site in C13BH19, visible in Figure 9(a), leads to
the formation of a polar bond, since the two sites
face each other. According to Figure 9(c), the
charge cloud at the N site extended toward the
positively charged B site in the stable complex
consisting of the two functionalized diamondoid
molecules. A close look on the charge density
distribution in the bond region also reveals the
fundamental difference between the polar BN
bond, predominantly weaker, with very little
charge in the bond region, and covalent CC
bonds with a strong charge accumulation in the
bond region. Figure 9(d) depicts the density of
states of the bonded complex with a large band
gap of a few eV, similar to the individual
functionalized diamondoids. Note that the total
density of states of the bonded complex is
closely related to that of its components, due to
the polar nature of the bond, as seen in Figures
8(f) and 8(h). Using ab initio calculations,
Garcia and colleagues [37] found that B or N
form thermodynamically very stable functional

groups when incorporated into adamantane
molecules, e. g., tetra‐bora‐adamantane.
These
researches
proposed
a
hypothetical molecular crystal formed by
molecules like tetra‐bora‐adamantane plus
tetra‐aza‐adamantane, in a zincblende structure.
This crystal showed large cohesive energy of
1.81°eV/primitive cell as well as bulk modulus
of 20 GPa. Note that these values are
considerably larger than those in typical
molecular crystals and, hence, may suggest
stability and stiffness at room temperature.
Additionally, this hypothetical crystal presented
a band gap of 3.9 eV, which points out to
potential applications in the optoelectronic field.
2.6. Quantum conductance
Unmodified diamondoid molecules
demonstrate very poor electrical transport
characteristics, due to the wide fundamental gap.
This limits their utility in applications as
optoeletronic
devices.
Chemical
functionalization approximation presents as good
strategy for building NEMS based on
diamondoids, as mentioned above. In a recent
investigation Xue and Mansoori [24], reported
the ab initio studies of the quantum conductance
of lower diamondoid molecules and some of
their important derivatives. Specifically seven
molecules two of which are lower diamondoids
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and the rest are important diamondoid
derivatives are chosen. They were classified into
three groups as shown in Table 2: Group 1:
Adamantane (ADM), Diamantane (DIM) the
lowest two diamondoids. Group 2: Memantine,
Rimantadine and Amantadine, the three
derivatives of adamantane which have found
tremendous amount of medical applications as
antiviral agents. Group 3: ADM•Na, DIM•Na,
two artificial molecules, substituting one
hydrogen ion in adamantane and diamantane
with a sodium ion. The latter group has potential
applications in NEMS. Table 2 shows the lower
diamondoids and five derivatives classified into
three groups.
One important goal of molecular
electronics is to find functional molecular
structures that can be used as the logic units with
which one can build nanoscale integral circuits.
There have been many studies in the use of
single molecules as “functional electronic
devices” and to find the transportation properties
of different molecules and molecular building
blocks [38-40]. In their quantum conductance
calculations, Xue and Mansoori [24], used the
ATK and the VNL software packages. In most
cases of calculations reported by Xue and
Mansoori [24], they used LDA-PZ, which stands
for the local density approximation (LDA) with
the Perdew-Zunger (PZ) parametrization [41], of
the correlation energy of a homogeneous
electron gas calculated by Ceperly and Alder
[42]. In these ab initio electronic structure
computations, they used the Double Zeta
Polarization (DZP) basis set. It is important to
choose a basis set large enough to give a good
description of the molecular wave function of
diamondoids. Double Zeta Polarization (DZP) is
one of such basis set. A double-zeta basis set for
hydrogen has two functions, and a true doublezeta basis set for carbon would have ten
functions. Additional flexibility is built in by
adding
higher-angular
momentum
basis
functions. Since the highest angular momentum
orbital for carbon is a p orbital, the
“polarization” of the atom can be described by
adding a set of d functions. In their ab initio
calculations, the optimal value of the mesh cutoff was found to be 100 Ry, and the optimum kpoint grid mesh number in the Z direction was
found to be 100.
In order to calculate the electronic
properties of nanoscale systems, a two-probe
simulation system was created. This system
consists of two semi-infinite electrodes and a
scattering intermediate region which includes
several layers of molecules from each electrode.
In the practical calculations, only the central
region (region between the two electrodes) and
the scattering regions are considered, and the

bigger the scattering region, the more accurate
the calculation will be but also more
computation efforts needed.
Xue and Mansoori [24], constructed
two types of electrodes: first type is semi-infinite
linear gold (Au) chains and second one is
comprised of Au (100) surface in a 2×2 unit cell,
as shown in Figure 10. The diamondoid
molecules lie into the central region. Gold was
chosen as electrodes because this material is
more practical and promising as monatomic
nanowires
. The constant bond length of Au atom
was optimized by ATK. Then by performing
separate calculations for the scattering region as
well as the central region, where the diamondoid
molecule is located, followed by an intelligent
recombination of the two subsystems, the
quantum transmission spectra and conductance
of diamondoids can be calculated.
The HOMO, the LUMO and the band
gap of all seven molecules are reported in Table
3.
The smaller the band gap (the difference
between the energies of the HOMO and LUMO)
the easier the molecule can be excited.
According to Table 3, results on the three
members of group 1 are generally in agreement
with previous calculations reported by Reed and
co-workers [39]. Note that group 1 members
have the largest band gap, which proves that
diamondoids are electrical insulators. Group 2
have smaller band gaps, which suggest electrical
semiconducting behavior of those three
molecules. The results also indicate that the NH2 is an electron donating chemical group.
Such characteristic may be explained by the
presence of two non‐bonded electrons at the N
atom. Group 3 molecules show not only smaller
band gaps than those of groups 1 and 2 which
suggest high conductance, but also interesting
electronic behavior, such as both the HOMO and
LUMO are below Fermi energy which is an
indicator of metallic properties of those
organometallic molecules.
The quantum conductance, G, is
calculated by the following equation [40],
G=G0 .T(E, Vb),
where

(5)

G0  2e / h =77.5µS. In this equation
2

T(E, Vb) is the transmission probability for
electrons incident at an energy E through a
device under a potential bias Vb.
The current through the scattering
intermediate region is determined by the
quantum-mechanical probability for electrons to
tunnel through the diamondoid molecule from
one electrode to the other. This current
is calculated using the Landauer formula which
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Table 2. Molecular formulas and structures of Adamantane, Diamantane, Memantine, Rimantadine, Amantadine, Optimized ADM•Na and Optimized DM•Na molecules. Black,
white, and purple balls represent C, H, N, and Na atoms, respectively [24].

Group 1

Group 2

Group 3

Adamantane

Diamantane

Amantadine

Rimantadine

Memantine

C10H16

C14H20

C10H17N

C11H20 N

C12H21N

Optimized

Optimized

ADM•Na

DIM•Na

C10H15Na

C14H19Na

Table 3. HOMO and LUMO energies of the three diamondoid groups. (Fermi energy = 0 eV) [24].

HOMO
[eV]
LUMO
[eV]
Band
Gap[eV]

Group 1
Adamantane Diamantane
-6.554
-6.226

Memantine
-5.023

Group 2
Amantadine
-4.956

Rimantadine
-4.975

Group 3
ADM•Na DIM•Na
-3.078
-3.435

1.288

1.097

1.228

1.043

0.974

-1.699

-1.674

7.842
(7.622*)

7.323
(7.240*)

6.251

5.999

5.949

1.379

1.761

(*) Calculation by McIntosh et al. [20].
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Figure 10. Two semi-infinite linear (left) and 2x2 (right) gold chain electrodes used by Xue and Mansoori
[24] in their quantum conductance studies of seven lower diamondoids and derivatives.

expresses the conductance of a system at T = 0 in
terms of the quantum mechanical transmission
coefficients [40],
R

I   T ( E , Vb )dE ,
L

(6)

where  L and  R are the left- and
right-side metallic reservoirs electrochemical
potentials (  L >  R ),  L / R  eVb and T(E,
Vb) is the transmission probability for incident
electrons at an energy E through a device under a
potential bias Vb. When Vb > 0, positive charge
transport occurs from the right to the left
electrode. The Landauer equation, based on the
Green’s function method, relates the elastic
conductance of a junction to the probability of an
electron with energy E, injected in one electrode,
to be transmitted to another electrode through a
scattering region, which is the diamondoid
molecule, in our case.
Using the above-mentioned procedure,
Xue and Mansoori [24], calculated energy levels,
transmission spectra and conductance of the
seven chosen molecules. They also calculated
current-voltage (I-V) and conductivity-voltage
(G-V) characteristics of some of those molecules.
In this study, the focus was on the
exhibition of the results obtained and the
prospective applications in the field of
nanotechnology.
To perform simulations,
geometrical optimizations using DFT method is
necessary. However, diamondoids stability and
stiffness preclude geometrical optimizations,
since neither geometrical structures nor electrical
conductance would be affected.
Quantum conductance and transmission
spectra of diamondoid molecules and their
derivatives were calculated by using DFT
method, with geometrical optimization of twoprobe systems [24]. For adamantane and
diamantane molecules, the distances between
linear Au electrodes (central region width in
Figure 10) present optimal values of 0.906 nm
and 1.10 nm, respectively. Nevertheless,
geometrical optimizations of the derivatives of
diamondoids with electrodes were not performed,
because structure optimization process of the

whole systems, including Au electrodes, would
promote undesirable change on molecular
orientations, due to their asymmetrical geometry.
Table 3 shows the data of quantum
conductance of three diamondoid groups at zero
bias (Vb = 0). Transmission spectra depicted in
Figures 11(a) and 12(a) for adamantane and
diamantane confirm their electrical insulator
features. On the other hand, group 2
diamondoids, memantine, rimantadine and
amantadine show conductances rather higher
than their parent molecules adamantane and
diamantine, due to the presence of the NH2
group, except for rimantadine (orientation 1).
Figures 11(b) and 12(b) display the transmission
spectra of group molecules with well-defined
resonant peaks.
Group 3: ADM•Na, DIM•Na, the two
organometallic diamondoids, substituting one
hydrogen ion in adamantane and diamantane
with a sodium ion, generally exhibit high
conductance at both Au linear and Au 2x2
electrode systems, as shown in Table 3. Figure
11(c) and 12(c) show transmission data of
ADM•Na and DIM•Na.
The HOMO-LUMO band gaps values of
1.379 eV for ADM•Na and 1.761 eV for DIM•Na
(Table 3) suggest the utility of these molecules to
build molecular electronic devices.
The high conductance values of
44.54 μS for ADM•Na (orientation 2) and
44.32 μS for DIM•Na (orientation 2), at Au linear
electrodes also confirm the utility of these
molecules to build molecular electronic devices.
As reported in Table 3, the conductance of the
Au linear electrodes are much higher than the
metallic single sodium atom conductance, as
reported in Table 3, also confirm the utility of
these molecules to build molecular electronic
devices. Similar effects are observed in the Au
2×2 electrode (Table 3).
In fact, Ramezani and Mansoori [43],
and Mansoori co-workers [44], have suggested
diamondoid molecules and derivatives as
molecular building blocks for MEMS and NMES
applications. A close inspection in Table 3 data
reveals that predicted conductance for all
diamondoid groups are strongly affected by
molecular orientation geometry into the central
region.
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Figure 11. Transmission spectra in Au linear electrodes cases. (a) Transmission spectra of Group 1. (b)
Transmission spectra of Group 2 corresponding to “Orientation 1” in Table 3. (c) Transmission spectra of
Group 3 corresponding to “Orientation 1” in Table 3 [24].

The molecules confined in Au 2×2
electrodes have higher conductance than those
confined in Au linear chains. Even with the same
central region widths as the linear Au electrodes
cases ( 0.906 nm and 1.100 nm) the conductance
of adamantane and diamantane in Au 2×2
electrodes case (1.9375μS and 0.418465μS) are
still higher than those in linear case (0.042μS and
0.137μS ). Since either diamondoids and 2×2
electrodes are three‐dimensional structures, the
entire systems will have more conductive
channels and, consequently, higher conductance
than in the case of linear electrodes.
The transport of electrons through a
molecular system can be investigated as an oneelectron elastic scattering problem. Here, a
molecule acts as a defect between two metallic
reservoirs of electrons. Thus, the current through
the scattering intermediate region (Figure 10) can
be determined using Equation (6), by the
quantum mechanical transmission probability
T(E) for electrons to tunnel from one electrode to
the other through the diamondoid molecule. Note

that the differential conductance is then given by
the derivate of the current with respect to voltage.
Figure 13 depicts I-V and G-V
characteristics for ADM•Na and DIM•Na
molecules. It is interesting to note the presence of
plateaus between 0.5 V and 0.9 V in the I-V graph
for both molecular systems. Currents reach the
maxima at 11.90 μA and 11.35 μA. For Vb > 0,
bias Vb values increase while transmission
T(E,Vb) values decrease, leading to maximum
current values with I-V plateau features,
according to Equation (6). This I-V characteristic
presented by ADM•Na and DIM•Na can be used
to build molecular rectifiers or surge protectors.
3. Intermolecular interactions
Knowledge
about
intermolecular
interactions is very important in macroscopic
statistical mechanical calculation of the behavior
of matter and phase transitions [45-50]. Such
knowledge is very critical to designing and
fabricating nanostructure-based devices such as
thin film transistors, light-emitting nanodevices,
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Figure 12. Transmission spectra in Au 2x2 unit cell cases. (a) Molecules from Group 1. (b) Molecules from
Group 2, corresponding to “Orientation 1” in Table 3. (c) Molecules from Group 3, corresponding to
“Orientation 1” in Table 3 [24].

semiconductor nanorods, nanocomposites, etc.
However, the nature and role of intermolecular
interactions
in
such nanostructures
as
diamondoids is very challenging and not well
understood [51]. For a good number of atoms and
molecules, quantum mechanical ab initio
calculation methods [51,52], succeeded in
producing accurate intermolecular potential
functions [44].
Zhang and colleagues [53], have
recently performed a first-principles simulation
of the interaction between adamantane and an
(atomic force microscope) AFM tip made up of
gold.
The probed atoms are the outside
hydrogen atoms. They first held the AFM tip
above adamantane and move along the xdirection. At each of the point, they performed
three radial scans and then use the finite
difference method to compute the forces. The
number of calculations was huge.
By holding the tip at different distances
from adamantane, three scans across two surfaces
revealed the detailed morphology of adamantane
(see Figure 14): the first scan was made one with

a carbon atom at the center and the four other
equivalent atoms at the corners; the second scan
was performed with three equivalent carbon
atoms in the front and three other atoms in the
back, forming a hexagon shape, have revealed
the detailed morphology of adamantane (see
Figure 14). For the first scan surface. A huge
potential energy change is observed when the tip
is close to adamantane, in the first scanned
surface. This change results from the strong
interaction of the from two hydrogen atoms
attached to the central carbon atom.
The ab initio results reported by Zhang
co-workers [53], quantitatively demonstrate how
an AFM tip interacts with adamantane. It was
found that the AFM tip is able to detect the sharp
potential change in adamantane. For instance,
along different directions, the detailed
morphology of the molecular structure can be
probed directly. To be more specific Zhang coworkers [53], directly computed the xy-scan
image by scanning across two different surfaces,
where one is hexagonal and the other is square
surface.
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Figure 13. G [μS] versus V(V) and I [μA] versus V [Volt] characteristics of ADM•Na and DIM•Na in linear
electrodes corresponding to their horizontal orientations (“Orientations 2” in Table 3) [24].

Figure 14. (a) Demonstration of various locations of a gold molecule with respect to an adamantane molecule.
(b) Pair interatomic potential energy function between gold and a hydrogen atom. (c). Charts of the
distributions of the electron density in adamantane across the C1–C7–C10 and across the C1–C2–C3 planes
and along the C1–C4 line (Courtesy of Prof. G. Zhang).

If we rotate adamantane along the (100)
direction so that one face-centered atom is at the
center and the other four are at the corners, we
end up with a square-like structure (see the top
structure in Figure 15). The scan in this
orientation is called the (100) scan.
On the second scanned surface, a radial
scan shows the maximum force constant of 2
Hartrees/Å2 as can be seen from the inset in
Figure 16. If the tip scans across the [111]
direction (Figure 16), the potential change
directly follows the sharp structural difference in
two kinds of carbon atoms. One can see a large
force change in the vicinity of those atoms. In
addition, if the scan is close to the tetragonal

direction, a four-fold symmetry emerges. For the
scan along the [111] direction, we estimate the
force constant to be about 1.5 times that of C60,
which is an indication of the excellent
mechanical properties of adamantane. This is
proof of the hardness of adamantane.
Rotational scan along the second surface
reveals a systematic change in the potential
energy as the tip is moved away from
adamantane. Due to the existence of two types of
carbon atoms in adamantane, the original
potential maxima are shifted 60° to a new
maxima. Between these maxima, there is a flat
region.
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Figure 15. Top: Adamantane oriented along the (100) direction. The z-axis points in the (100) direction and
through the center carbon atom. Bottom: Energy change as a function of the rotational angle  at z=0.5, 1.0,
and 1.5 Å. The solid line is from the B3LYP calculation. The dashed lines, vertically shifted, refer to the
SVWN (Slater exchange and Vosko, Wilk, and Nussair correlation functional [54]) results. Inset: Scanning
geometry of the gold atom. The origin is at the center carbon atom.  is the polar angle and  is the azimuthal
angle [53].

Figure 16. Top: Adamantane oriented along the (111) direction. The z axis is also along this direction.
Bottom: (a) Total energy change as a function of the z distance between the tip and adamantane. The gold
atom scans radially away from adamantane. Four different methods reveal a similar potential energy change.
Inset: Force constant and force versus z. (b) Potential energy change obtained at the B3LYP level as a
function of φ, at several z distances, similar to Figure 15. A clear peak change is noticed as the tip moves
away from adamantane [53].

Figure 17 shows the force along the zdirection. Zhang and colleagues [53], used the
intensity to estimate the magnitude of the force.
One sees that there are two bright spots, which
according to the geometry of adamantane,
correspond to the two outermost hydrogen atoms.

Figure 17(b) shows a scan over the hexagonal
surface. Different from the square scan, there are
three bright spots in this picture, corresponding
to the three hydrogen atoms. These distinctive
features are expected to show up in real
experiments.
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Table 4. Quantum conductance (G), in μS, and Central Region Width, in Å, of the three diamondoid groups
at zero bias and the corresponding orientations [24].

Quantum Conductance (Central Region Width)
Au linear Electrodes

Au 2x2 Electrodes

0.042 (9.06)

2.393 (8.15)

Diamantane

0.137 (11.00)

10.785 (9.76)

Memantine
(Orientation 1)

0.850 (9.08)

28.668 (8.46)

Memantine
(Orientation 2)

1.161 (8.69)

31.308 (8.65)

Memantine
(Orientation 3)

0.842 (8.53)

3.629 (9.64)

Amantadine
(Orientation 1)

0.767 (8.84)

14.206 (8.68)

Amantadine
(Orientation 2)

8.072 (7.83)

15.039 (8.10)

Rimantadine
(Orientation 1)
Rimantadine
(Orientation 2)

0.020 (9.90)

2.837 (9.85)

11.818 (7.43)

40.817 (8.32)

Na

26.107 (9.06)

77.494 (8.17)

ADM•Na
(Orientation 1)

18.078 (9.06)

27.790 (8.36)

ADM•Na
(Orientation 2)

44.54(9.90)

53.60 (9.98)

DIM•Na
(Orientation 1)

1.37 (7.67)

103.41 (8.48)

DIM•Na
(Orientation 2)

44.32 (11.06)

54.24 (10.95)

DIM•Na
(Orientation 3)

0.578 (10.63)

23.654 (9.47)

Molecule
Adamantane

Orientation
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Figure 17. x-y scan image for (a) (100) and (b) (111) surface. The bright spots represent the hydrogen atoms
location, and the gray scale on the right shows the magnitude of the force. For (a), the tip is 1.2 Å away from
the central carbon atom; for (b), the tip is 1.8 Å away from the center of the triangle formed by the three
outermost carbon atoms [53].

4. Concluding remarks
Diamondoid molecules demonstrate
great potential for derivatization with interesting
properties and as molecular building blocks in
various nanotechnology applications. Ab initio
calculations are quite useful for molecular
property prediction of diamondoids and their
derivatives as reported in this paper.
Quantum confinement effects (QCE)
and negative electron affinities (NEA) are some
examples of the unique characteristics of
diamondoids, which have attracted the attention
of the research and industrial communities.
Several theoretical methods have been developed
in order to investigate phenomena and physical
properties involving diamondoid molecules.
Predictions of vibrational spectra and frequencies
[14,25,55-59], are also useful in the understating
of diamondoid vibronic properties. The firstprinciples
simulation
of interaction of
diamondoids with other systems such as carbon
nanotubes [20], metallic surface [30], and
metallic AFM catilever tips [53,60], is a
promising way to design new materials.
Additionally, functionalized diamondoids [20,
24,37,61-64], may lead to the creation of
nanosystems with new chemical and physical
properties and with suitable applications in
pharmacology and electronic devices.
Diamondoids are generally optically
transparent in visible light and have high
electrical insulating properties as diamond does.

The large HOMO-LUMO gaps in diamondoids
are the molecular counterparts of the large
fundamental gap in diamond, which is
responsible for their optical transparency under
visible light and their insulating properties.
Many derivatives of diamondoids are
expected to have a number of interesting optoelectronic properties. Despite the numerous
extensive investigations into properties of
diamondoids and derivatives, they are still to be
further studied.
Electronic properties of diamondoidbased nanomaterials and MEMS are determined
by the behavior of the electrons that bind carbon
and hydrogen atoms together. To make accurate
quantitative predictions about such behavior, it is
necessary to perform electron distribution
calculations in diamondoid molecules and their
derivatives. Thus, precise calculations of the
electronic
structures
and
energies
of
diamondoids-based nanomaterials and MEMS
are demanded.
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