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Graphane versus Graphene: A Computational Investigation of the
Interaction of Nucleobases, Aminoacids, Heterocycles, Small
Molecules (CO,, H,0, NH3, CH,, H,), Metal lons and Oniom lons

Deivasigamani Umadevi* and G. Narahari Sastry*

Graphane has emerged as a two-dimensional hydrocarbon with interesting physical properties and potential applications.
Understanding the interaction of graphane with various molecules and ions is crucial to appreciate their potential
applications. We investigated the interaction of nucleobases, aminoacids, saturated and unsaturated heterocycles, small
molecules, metal ions and oniom ions with graphane by using density functional theory calculations. The preferred
orientations of these molecules and ions on the graphane surface have been analysed. The binding energies of graphane
with these molecules have been compared with the corresponding binding energies of graphene. Our results reveal that
graphane forms stable complexes with all the molecules and ions yet showing lesser binding affinity when compared to
graphene. As an exemption, the preferential strong binding of H,O with graphane than graphene reveals the fact that
graphane is more hydrophilic than graphene. Charge transfer between graphane and the molecules and ions have been
found to be an important factor in determining the binding strength of the complexes. The effect of the interaction of

these molecules and ions on the HOMO-LUMO energy gap of graphane has also been investigated.

1. Introduction

Carbon nanostructures such as carbon nanotubes, graphene and
fullerene are considered to be the rising stars in the field of nano
science owing to their extraordinary physical and chemical
properties.l' 2 The scope of applications that they can be used for
has escalated sharply in recent years. Graphene is a two-
dimensional hexagonal lattice of carbon atoms and its extended
n—network is the basic building block for other carbon allotropes
such as graphite, nanotubes and fullerenes. Although graphene is
known theoretically since many years, the experimental discovery
of free-standing graphene is achieved by Novoselov et al. in the
year 2004.? Functionalization of graphene has been found to be a
potential tool to tune the properties of graphene for desired
applications. Covalent and noncovalent functionalization of
graphene have been recently reviewed by Kim and co-workers.* Our
group has done comprehensive studies on the noncovalent
interactions of carbon nanotubes and graphene including cation-n
type of interactions with metal ions,>” m-m interactions with
aromatics and bio-molecules®™ and other XH--m type of
interactions with various small molecules."* Since the advent of
graphene, the interest in low dimensional materials has increased
significantly.
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Graphane is the upcoming new player in the field of carbon
nanomaterials. It is a saturated hydrocarbon with sp3 hybridized
carbon atoms forming a hexagonal arrangement derived from
graphene.lz' ¥ Sofo et al. predicted the structure and stability of
graphane by computational studies.” The chair conformation of
graphane has been found to be more stable than the boat
conformation. Experimental realization of graphane occurred when
Elias et al. demonstrated the formation of graphane by exposing
pristine graphene to hydrogen plasma.15 While the structure of
graphene is a planar sheet, the stable graphane is a puckered chair-
like structure with hydrogen atoms on both sides of the sheet. Thus
graphene and graphane are the striking examples for the successful
prediction of theoretical methods.

Several studies have been performed to understand the structure
and properties of graphane and doped graphane in recent years.ls'
% Band gap engineering of graphane and its derivatives have also
been explored.zs'29 Pumera and co-workers have done extensive
studies on the synthesis, electrochemistry and bio-sensing ability of
graphane.so'33 The interaction of graphane-graphene dimer and
their band structures have been investigated.34 A recent study
demonstrated that the graphane-graphane association is driven by
dispersion and orbital interactions.”®> The stability of graphane
nanotube has also been explored in a theoretical study.36 Besides
pristine graphane, Si, Ge, and Sn analogues of graphane are
emerging as a new class of two-dimensional materials with novel
structure, stability, and properties.37'39 Hydrogenation of graphene
to form graphane is reversible in nature and consequently graphane
gained instant research interest in hydrogen storage.l‘r’ Metal doped
graphane has been predicted to be a potential candidate for gas
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storage.w'43 Hence developments in graphane based research are
expected to push the boundaries of the field of advanced hydrogen
storage technologies. The applications of graphane in the area of
transistors™ and sensors® have also been explored. Halogenated
graphane derivatives appear to be promising materials with
applications in graphene-based electronic devices.*** The Cco,
adsorption thermodynamics of pristine graphane and the
Nsubstituted graphane have also been evaluated.”

Understanding the interaction of carbon materials with various
molecules and ions is a topic of outstanding interest in order to
appreciate their potential applications in various fields.”
Extensive studies have been done to understand the interaction of
biomolecules with graphene.s‘l'63 Aromatic hydrocarbons are well
known for their noncovalent interactions namely cation—mn, 7—m and
XH--1 interactions.®*”* Graphene with its extended m—system
exhibits a variety of noncovalent interactions with molecules and
g However, the noncovalent interactions of saturated
hydrocarbons have also gained significant research interest in
recent years. Schreiner and co-workers have demonstrated that /c
and 7/z interactions are equally important and thus proposed the
possibility of multilayered graphanes.74 A recent study from our
group has revealed that cation-alkane interactions are strong
noncovalent interactions.”” We have also quantified the dispersion
interactions of various linear and cyclic alkane dimers.” Besides,
the interactions of saturated and unsaturated hydrocarbons with
carbon nanostructures have also been investigated in our recent
study.10 Thus quantifying the interaction of graphane with
molecules and ions is interesting in its own right. The current study
provides a comprehensive and comparative analysis of the
aminoacids,
molecules, metal ions and oniom ions with graphane and graphene.

interaction of nucleobases, heterocycles, small
The study of graphane-nucleobase interactions is expected to
provide insights into the feasibility of employing graphane in DNA
sequencing. It is very important to study the interaction of
aminoacids with graphane in order to understand the graphane-
protein hybrids. As

heterocycles, the study of their interactions with graphane will be

most of the drug molecules contain
helpful to understand the prospective of graphane as drug carriers.
In addition, understanding the interactions of all these systems with
graphane provides valuable guidelines to employ graphane as
sensors. The study of the interaction of metal ions with graphane
will be supportive to appreciate the possibility of using graphane as
a sorbent to remove metal ion pollutants from water. The
orientations of these molecules and ions on the graphane surface
and their binding strength have been estimated. The charge
transfer and the HOMO-LUMO energy gap of the complexes have
been analysed. The binding strength of graphane has been
compared with that of graphene in all the cases.

2. Computational methods

The model systems used to represent graphane and graphene have
been shown in the Fig. 1. The relatively stable chair conformation
has been adopted for the graphane model. Hydrogen atoms have
been added to passivate the dangling atoms at the truncated ends
of graphane and graphene to avoid spurious end effects. The
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Fig. 1 Top view and lateral view of the graphane and graphene
model systems considered in this study.

Graphene

optimization of the complexes were carried out using the two layer
ONIOM approach as it has been well employed to study the
interactions of graphene with various molecules and ions in the
literature.>™ 7 7® Al the complexes have been optimised at
ONIOM (MO06-2X/6-31G*:PM6) level otherwise mentioned. We
have selected model systems of similar dimensions for graphane
and graphene in order to compare their binding affinity. The
interacting surface of graphane with the molecules were treated at
the M06-2X/6-31G* level and the remaining atoms were treated at
low level using semiempirical PM6 Hamiltonian.”*® Various atoms
of graphane and graphene treated at different methods are shown
in Fig. S1 in the Electronic Supplementary Information (ESI). All the
other molecules and ions have been considered as high layer in the
geometry optimization of their corresponding complexes. The
stationary points obtained in the geometry optimization have been
categorized as minima by verifying the presence of all real
frequencies. Single point calculations have been done at M06-2X/6-
311G** level in order to fine tune the energy. BSSE correction has
not been included as the M06-2X functionals have been shown to
perform better in the absence of BSSE.® Binding energy (BE) has
been calculated as the difference between sum of the total energies
of graphane/graphene (Eg) and the molecules/ions (Ex) and the
total energy of the complex (Eg ) as given in (1)

BE = (Eg + Ex) — Eg x (1)

Natural population analysis has been done to calculate the charge
transfer during the complex formation of graphane and graphene
with various molecules and ions. The charge transfer has been
considered as the sum of the charges of all the atoms in the
graphane/graphene model system. Positive charge transfer values
indicate the transfer of charge from graphane to the
molecules/ions, while negative charge transfer values indicate the
transfer of charge from the molecules/ions to graphane. The
HOMO-LUMO energy gap of the pristine graphane/graphene as well
as their complexes has been calculated at M06-2X/6-311G** level.
All the calculations were done in the Gaussian 09 suite of
programs.®

3. Results and discussion

The current study comprises the noncovalent interaction of
molecules and ions with graphane and graphene. We have divided

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3 Optimized structures and distances (A) of the complexes of
graphane with nucleobases and aminoacids.

the results and discussion in to four subsections describing the
interaction of biomolecules, heterocycles, small molecules and
cations respectively. In each section, the geometry of the
complexes, binding energy, charge transfer and HOMO-LUMO
energy gap have been discussed. This is followed by a comparative
analysis of the binding affinity of graphane and graphene.

3.1 Interactions with biomolecules

A systematic study has been carried out to understand the
interaction of biomolecules such as nucleobases and aromatic
aminoacids with graphane (Fig. 2). There exist two possible modes
of orientations for nucleobases and aminoacids while interacting
with graphane which bring the aromatic motifs into parallel and
perpendicular orientations with respect to the graphane plane. We

This journal is © The Royal Society of Chemistry 20xx
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Fig. 4 Binding energies (kcal/mol) of (a) nucleobases and (b)
aminoacids with graphane and graphene.

Table 1 Binding energy (kcal/mol), charge transfer (amu) and
HOMO-LUMO energy gap (eV) of graphane complexes with
biomolecules

Biomolecules Binding Charge HOMO-LUMO
energy transfer energy gap
Nucleobases
G 16.43 -0.030 7.61
A 14.08 -0.026 7.32
C 13.67 -0.027 6.98
T 12.73 -0.020 6.90
U 11.60 -0.019 6.78
Aminoacids
PHE 10.08 -0.009 7.62
TYR 12.50 -0.014 7.53
TRP 14.06 -0.016 7.19
HIS 12.53 -0.014 8.07
found that parallel orientations are preferred than the

perpendicular orientations. This is in agreement with our earlier
observation in the case of graphene.g All attempts to locate a
stationary point in the perpendicular orientation resulted in the
parallel orientation. Hence graphane exhibits CH--m type of
interaction with the aromatic biomolecules. Fig. 3 displays the

J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins




Physical-Chemistry ChemicalbPhysics

optimized structures of the complexes of graphane with
nucleobases and aminoacids. The distance value is determined from
the centre of the 6-membered rings in the biomolecules to the
plane of the hydrogen atoms in the graphane. It is clear from the
figure that the distance between the biomolecules and graphane in
their optimized structure is 2.4 A to 2.5 A. Table 1 shows the
binding energy, charge transfer and the HOMO-LUMO energy gap
of the graphane complexes with nucleobases and aminoacids. It is
evident from the table that graphane binds with nucleobases in the
order G >A > C>T > U and with aminoacids in the order as Trp >
Tyr ~ His > Phe. The order of binding observed is clearly reflected in
the charge transfer value. Fused rings molecules (G, A and Trp)
show higher binding energy than the isolated ring molecules. The
ability to tune the energy gap by functionalization is one of the
primary requirements for carbon nanostructures to be used in
nanoelectronics. The HOMO-LUMO energy gap of our model system
of graphane computed at M06-2X/6-311G** level is found to be
8.46 eV. Interestingly, the energy gap of graphane has been found
to be decreased on binding with aminoacids and nucleobases as
shown in Table 1.

Subsequently, we studied the interaction of nucleobases and
aminoacids with the unsaturated counterpart graphene. The
optimized geometry, distances, binding energy, charge transfer and
energy gap of the complexes have been given in the Fig. S2 and
Table S1 in the ESI. The distance values are determined from the
centre of the 6-membered rings in the biomolecules to the surface
of graphene. The binding energy values of nucleobases and
aminoacids with graphene are in the order G>A>T>C> U and Trp
> Tyr > His > Phe respectively. Fig.4 compares the binding energy of
graphane and graphene with nucleobases and aminoacids. It has
been shown that graphene exhibits stronger binding energy than
graphane in both the cases of nucleobases and aminoacids.
However, the charge transfer in the graphene complex formation is
very less when compared to graphane. The HOMO-LUMO energy
gap of the pristine graphene model has been found to be 0.78 eV at
MO06-2X/6-311G** level. Our results indicate that there is no
significant change in the HOMO-LUMO energy gap of graphene on
binding with nucleobases (Table S1 in the ESI).

3.2 Interactions with heterocycles

In this section, we discuss the interaction between 5- and 6-
membered heterocyclic compounds with graphane. A set of
saturated and unsaturated heterocycles has been considered in the
study as shown in Fig. 5. The nomenclature used in this discussion
for heterocycles are UnX and SnX respectively for unsaturated and
saturated hydrocarbons, where n stands for the number of atoms in
the ring and X corresponds to the heteroatom. The binding energy,
charge transfer and HOMO-LUMO energy gap of the complexes of
graphane with heterocycles have been given in Table 2. As noticed
earlier with biomolecules, graphane exhibits CH---m type of
interaction with the unsaturated hydrocarbons. The decreasing
order of binding energy with unsaturated heterocyclic compounds
is USN > U5S > U5C > U50 and U6S > U60 > U6N > U6C respectively
for 5- and 6-membered rings. The optimized geometries of the
complexes of graphane with unsaturated heterocyclic compounds
have been given in Fig. 6. The reported distance values have been

4| J. Name., 2012, 00, 1-3
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Fig. 5 Saturated and unsaturated 5- and 6-membered heterocyclic
hydrocarbons.

Table 2 Binding energy (kcal/mol), charge transfer (amu) and
HOMO-LUMO energy gap (eV) of graphane complexes with
heterocyclic compounds

Heterocycles Binding Charge HOMO-LUMO
energy transfer energy gap
Unsaturated
U5sC 6.82 -0.007 7.55
USN 7.78 -0.014 8.06
uso 6.51 -0.010 7.62
uss 7.43 -0.016 7.73
u6C 7.88 -0.009 7.73
UGN 7.92 -0.010 7.22
ueo 8.04 -0.011 8.12
ues 9.12 -0.016 7.43
Saturated
S5C 4.54 -0.001 8.28
S5N 7.93 -0.014 8.21
S50 8.00 -0.012 8.25
S5S 5.87 -0.013 8.18
S6C 4.32 -0.002 8.24
S6N 7.36 -0.014 8.18
S60 7.06 -0.011 8.24
S6S 5.07 -0.011 8.18

calculated from the ring centre of the heterocycles to the plane of
the hydrogen atoms in graphane. Saturated heterocycles interact
via CH--HC type of interaction which has been recently shown to be
a considerable strong interaction.®® For saturated heterocyclic
compounds, the order of binding energy is S50 > S5N > S5S > S5C

This journal is © The Royal Society of Chemistry 20xx
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Fig. 7 Optimized structures and distances (A) of the complexes of
graphane with various saturated heterocyclic compounds.

and S6N > S60 > S6S > S6C for 5- and 6-membered rings
respectively. The optimized geometries of the
heterocyclic complexes have been given in Fig. 7 and the reported
distance values have been measured from the nearest atom of the
heterocycles to the plane of the hydrogen atoms in graphane.
Charge transfer analysis indicates that these heterocycles act as
charge donors to graphane in the complexes. Graphane exhibits
CH---1t type of interaction with unsaturated heterocycles (UnX) and

saturated

This journal is © The Royal Society of Chemistry 20xx
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a comparatively weaker CH---HC type of interaction with saturated
heterocycles (SnX). in the 6-membered heterocycles
complexes, U6X show higher binding energy values when compared
to S6X. However there is no such trend observed in the case of 5-

Hence

membered heterocycles. We also noted a decrease in the HOMO-
LUMO energy gap of graphane on binding with the heterocyclic
compounds as shown in Table 2.

For graphene, the binding energy of unsaturated heterocyclic
compounds is in the order USN > U5C > U5S > U50 and U6S > U60 >
U6C > U6BN for 5- and 6-membered rings respectively as shown in
Table S2 in the ESI. It is also noticeable from the table that the order
of binding energy of 5- and 6-membered saturated heterocyclic
compounds with graphene are S50 > S5S > S5N > S5C and S60 >
S6N > S6S > S6C respectively. The optimized geometries of all the
complexes of graphene with heterocycles have been given in Fig. S3
and Fig. S4 of the ESI. It is evident from Fig. 8 that graphene shows
stronger binding affinity than graphane in both the cases of
saturated and unsaturated heterocycles. However charge transfer
and the change in the HOMO-LUMO energy gap in the case of
graphene complexes are negligible when compared to graphane
(Table S2 in the ESI).

3.3 Interactions with small molecules

J. Name., 2013, 00, 1-3 | 5
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Graphene has been broadly explored for the fabrication of gas
sensors. To study the feasibility of graphane as gas sensors, we have
studied the interaction of various small molecules, such as CO,,
H,0, NHj;, CH, and H, with graphane. Various possible orientations
of these molecules on the surface of graphane have been
considered and only the minimum energy orientations are
reported. Fig. 9 shows the optimized structures of the complexes of
graphane with small molecules. The nearest distance between the
molecules and the plane of the hydrogen atoms in graphane has
also been given in the figure. CO, molecule can have two possible
orientations on the graphane surface which brings the molecule in
parallel and perpendicular orientations. Our results reveal that the
parallel orientation of the CO, molecule is more feasible than the
perpendicular orientation. The distance between the CO, molecule
and the hydrogen atom plane of the graphane sheet is found to be
2.411 A. H,0 orients itself above the graphane surface at a distance
of 1.865A. In the complexes of CH, and NH;, the orientation where
three hydrogen atoms are pointing towards the graphane have
been found to be more stable as given in the Fig. 9. From the
surface of the graphene sheet, the nearest distance of the CH,

6 | J. Name., 2012, 00, 1-3

Table 3 Binding energy (kcal/mol), charge transfer (amu) and
HOMO-LUMO energy gap (eV) of graphane complexes with small
molecules

Small Binding Charge HOMO-LUMO
molecules energy transfer energy gap
CO, 3.20 -0.003 8.33
H,0 5.93 -0.015 8.11
CH,4 1.83 -0.001 8.31
NH; 3.94 -0.016 8.18
H, 0.71 0.002 8.43

molecule is 2.227 A, while the distance of NH; molecule is 2.082 A.
The H, molecule aligns itself perpendicular to the graphane surface
at 2.267 A. Table 3 shows the binding energy, charge transfer and
the HOMO-LUMO energy gap of the graphane complexes with the
small molecules. The order of binding energy with graphane has
been found as H,0 > NH; > CO, > CH, > H,. All these molecules act
as charge donors to the graphane except H, which acts as a charge
acceptor from graphane. There is a slight decrease in the HOMO-
LUMO energy gap of the graphane on binding with these molecules.

We then evaluated the interaction of these molecules with
graphene. All the considered molecules exhibit similar orientations
with graphene as observed in the case of graphane (Fig. S5 in ESI).
However, the order of binding energy is found to be different from
that of graphene. It is evident from the Table S3 that the decreasing
order of binding energy is H,O > CO, > NH3; > CH, > H,. All these
molecules act as charge donors to the graphene except H, and
virtually there is no change in the HOMO-LUMO energy gap of
graphene on binding with these molecules. Fig. 10 shows the
binding energy trend of graphane and graphene with these
molecules. A cursory look at the figure reveals that graphene
exhibit stronger binding energy than graphane with all of these
molecules except NH; and H,0. For NHj, there is not much
difference between the binding energies of graphene and
graphane. However, for H,0 graphane exhibits stronger binding
energy than graphene as shown in the figure. The higher binding
energy for H,0 has been attributed to the higher charge transfer
value as given in the Table 3. Thus our studies reveal that graphane
is more hydrophilic than graphene. The binding energy of graphane
with the small molecules are found to be smaller compared to the
other species this could be overcome by

functionalization of graphane such as covalent functionalization,
40-43

and suitable

hetero atom doping and metal ion doping on pristine graphane.

3.4 Interactions with cations

In order to understand the interaction of cations with graphane, we
have considered a set of metal ions (Li, Na*, K, Be*", Mg*", ca®™")
and a set of oniom ions (NH,", NMe,", OH;", OMe;", SH;", SMe;").
Graphane interacts by cation-alkane type of
interaction that has been shown to be a strong noncovalent

with cations

interaction in the literature.” Fig. 11 shows the optimized
structures and distances (A) of the complexes of graphane with
various cations. In the case of metal ions, the distance has been
measured from the metal ion to the surface of the hydrogen atoms
in graphane. For, an oniom ion, the distance is considered from the
nearest atom of the oniom ions to the surface of the hydrogen

This journal is © The Royal Society of Chemistry 20xx
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Fig. 11 Optimized structures and distances (A) of the complexes of
graphane with cations.

Table 4 Binding energy (kcal/mol), charge transfer (amu) and
HOMO-LUMO energy gap (eV) of graphane complexes with cations

Cations Binding Charge HOMO-LUMO
energy transfer energy gap
Metal ions
Li* 42.46 0.179 5.73
Na* 25.60 0.108 5.07
K 17.16 0.073 5.36
Be” 321.79 1.011 457
Mg 185.72 0.356 2.92
ca® 121.13 0.218 2.84
Oniom ions
NH," 18.37 0.030 5.78
NMe," 10.95 0.020 6.80
OH;" 29.47 0.088 5.43
OMe," 12.28 0.021 6.45
SH3" 19.75 0.051 5.15
SMe," 12.57 0.022 6.45

atoms in graphane. The binding energy, charge transfer and HOMO-
LUMO energy gap of the complexes of various cations with
graphane have been given in Table 4. It is evident from the table
that, in the case of alkali metal ions the binding energy is in the

This journal is © The Royal Society of Chemistry 20xx
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Fig. 12 Binding energies (kcal/mol) of (a) alkali metal ions and (b)
alkaline earth metal ions (c) oniom ions with graphene and
graphane.

order of Li > Na* > K'; while in the case of alkaline earth metal ions
the order is Be’> Mg”" > Ca®*. This may be attributed to the
electronegativity and charge-to-mass ratio trends of the metal ions.
Table 4 also shows the amount of charge transfer from graphane to
the metal ions which clearly reflect the order observed in the
binding energy. Oniom ions bind with graphane in the order OH;" >
SH;" > NH," > SMe;" > OMe;” > NMe,". Graphane shows stronger
binding affinity with the simple oniom ions (OH;", SH;", NH,") when
compared to their methyl substituted analogues (OMe;", SMe;",
NMe,"). The amount of charge transfer from graphane to the oniom
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ions is in good agreement with the above mentioned order of
binding energy. The interaction energies for the complexes formed
by divalent cations are larger than those for the complexes
involving monovalent cations. A cursory look at the Table 4 reveals
that graphane exhibit stronger binding with the metal ions than the
oniom ions considered in the study. We further studied the change
in HOMO-LUMO energy gap of graphane before and after complex
formation with the cations. Our results reveal that there is
significant decrease in the HOMO-LUMO energy gap of graphane on
binding with the cations. Hence doping of graphane with metal ions
and oniom ions can be used as a tool to fine tune the energy gap of
graphane which is an essential characteristic for its application in
nano electronics. We have also studied the cation complexes of the
unsaturated counterpart graphene. Metal ions generally form
cation— type of complexes with graphene, however for oniom ions
in addition to cation—m, there is also a possibility for proton transfer
to graphene. In order to understand this, graphene-cation
complexes have been fully optimized at MO06-2X/6-31G* level
followed by single point calculations at M06-2X/6-311G**. The
optimized structure of all the graphene-cation complexes
considered have been given in Fig. S6 in ESI. Our results reveal that
all the oniom ions form cation—n type of complexes with graphene
except SH3+ which involves a proton transfer. The binding energy,
charge transfer and HOMO-LUMO energy gap of all the cation—=n
complexes of graphene have been given in Table S4 in the ESI. The
order of binding for metal ions and oniom ions have been observed
as Be” > Mg® > Ca®" > Li* > Na" > K" and OH;" > NH," > OMe;" >
SMe;" > NMe," respectively. The HOMO-LUMO energy gap value of
graphene decreases on binding with cations except in the case of
alkaline earth metal ions where there is an increase in the energy
gap. Fig. 12 compares the binding energy of cations with graphane
and graphene. It is evident from the figure that graphene exhibit
stronger binding affinity than graphane towards the cations.

4. Summary

The present study has made a systematic effort to examine the
binding affinity of graphane with various molecules and ions.
Graphane forms stable complexes with all the systems considered
yet exhibits lower binding energies when compared to graphene.
The summary of the results is as follows,

1) Graphane binds with nucleobases in the order G>A>C>T> U,
while it binds with aminoacids in the order Trp > Tyr ~ His > Phe.

2) Saturated heterocyclic compounds exhibit binding energy with
graphane as S50 > S5N > S5S > S5C and S6N > S60 > S6S > S6C
for 5- and 6-membered rings respectively. The orders of binding
energy of graphane with unsaturated heterocyclic compounds
are USN > U5S > U5C > U50 and U6S > U60 > U6N > U6C for 5-
and 6-membered rings respectively.

3) The order of binding energy of small molecules with graphane
has been found as H,0 > NH; > CO, > CH; > H,.

4) Graphane binds with metal ions in the order Be* > Mg”* > Ca®*
> Li* > Na’ > K" and with oniom ions in the order OH;" > SH5" >
NH," > SMe;" > OMe;" > NMe,". Pristine oniom ions bind
stronger with graphane when compared to their methyl

8| J. Name., 2012, 00, 1-3

substituted analogues. Graphane exhibit stronger binding with
the metal ions compared to the oniom ions considered in the
study.

5) Charge transfer in the graphane complexes are in good
correlation with the observed binding energies. All the neutral
molecules considered in this study act as charge donors to
graphane excluding H, which acts as a charge acceptor from
graphane. Metal ions and oniom ions act as charge acceptors.

6) HOMO-LUMO energy gap of the graphane decreases on binding
with the molecules and ions to a dramatic extent in the later
case. Hence we propose that the energy gap of graphane may
be tuned by functionalization.

7) Graphene exhibits stronger binding affinity than graphane with
nucleobases, aminoacids, heterocycles, small molecules, metal
ions and oniom ions except H,0. Hence our results reveal that
graphane in more hydrophilic than graphene.

Thus, the current study provides insight into the interaction of
graphane with various molecules and ions. We hope that our
comparative study of graphane with graphene will provide valuable
guidelines to develop graphane based advanced materials that
could satisfy the demand in various fields.
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