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ABSTRACT
We optimized the geometries nf the graphene and graphene with bydrogen using PWOIVWN, PWSIPL
MPWLYP, GILYP, G96PL/3-21(5.6-31G, 6-31G*ievels of theory anil enmpared owr results with each niber,
We present the mDst important structura! parameters determined for the addition of z hydrogen atom o
graphene and the nutward movement of the carbon atom that 15 bonded to hydrogen is 0.48 A . Aln we
caleulateed vibrational frequencies at the same lgvels. All thermidynamic paramelers of including AG, AH. AS

were calculated.
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INTRODUCTION

Since the {9505 carboa nanomaterials have been known
and bave gained increased iniercst since lijima first
described  Lhe  structure of muilt-walled carbon
nancubes. Because 0f their cxceptional propertics they
became more and more attractive for scieniific and
industrial usage [1-5).

Carbon nanomaterials adsorb  hydrogen wvery  well

because of their suggested suitability as materials for gas
storage. This maticr makes them anractive for hydrogen
storage devices in fucl-cell-powered electric vehicles [6,7].
For understanding the storage mechanisms, capacity and
necessary structure for bwdrogen storage of carbon
nanotubes (CNTs) and graphite nanofibers (GNFs),lots
of studies bave been carried out [8-22].
The synthesis of graphenc sheets by Nowvnselov wt al.
opened @ new ema in nanotechnology. The outstandiog
mechanical, clectrival and physical properties of graphene
warrants its use n a vanety of arcas such as bydrogen
technalogy, clectromies, sensing and drug delivery, among
many others [23-30].
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The adsorptioo of gases on grapbene surface has
beea sudied using a wide range of icchniques
and mcthods because gmphene 5 a mwn
dimensional crystal with only a surface aad no
volume, which maximizes the cffect of surface
dopants.

The unusual properties of carriers in graphene
are a result of the gapless and roughly lmear
electron dispersion ai the vicinity of the Fermi
level at two inequivalent points nf the Brilloun
zione.

In this work, we perform main colenlations for
the H atom adsorbated on graphen. Brillouin for
studies and calculation of adsorption we used
Density Functional Theory (DFT) approaches
maethod.

COMPUTATIONAL METHOD

Chemists and physicist are interesting gases and
graphenc surface because of their important role
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in catalysis of many industrial processes as well
as i car combustion.Hartree-Fock models treat
the motioos of individual electtons as
indepcndent  of one anotherThis leads 12
overestimation nf the electron-electron repulsian
energy. The corrclation energy is defined as the
difference hetween the real energy and the
Hartree-Fock energy. Several methodshave been
developed to account for this correlatinn energy
among which the most popular is prohably the
Mulier-Plessct perturbation technique. Another
solution to treat the cotrelation in many eleciroos
systems is the density functional theory (DFT);
sce for example [31] for a review. This theary is
hased on the fact that ail the properties of a
system (in particular the cnergy) can be denved
from the knowledge of its clectronic density. The
simplest DFT models are cafied local spin
density and referred to as SYWN  (Slater,
Vosko, Wilk and Nusair). An improvemsent can
be madc by introducing an explicit dependence
on the gradient of the elcctron density, in
addition to the density itself Within Spartan, it
leads to the perturbativc Becke-Perdew modcl
(pBP) [32,33]. The DFT models available in
Spartan use tahulated  atomic solutians
supplemented by d-type functions on heavy
atoms instead of gaussian basis scts [34]. The first
prnciples caleulations arc performed using
density functional thenry (DFT) which has heen
successfully used for the study of adsorhates on
vraphene.

Five hyhnid DFT mcthods arc applied.
Geometry optimizatinn  fiir  graphenc  and
related gas complexes has been carried oul &l
the density functional theory; PWOIVWN,
PWO1PL, MPWLYP, GI6LYP, GH6PL/3-21G,
6-31G, 6-31G* lcvels using the standard

3 A
procedure in GUSSIAN 98 software package
[351. FR |

|
E :
RESULTS AND DISCUSSION if
Recent years have witnessed an ever grawing
interest in carbon-based materials. Carbon, liciag
a smali atam with a haif-filled shell, is abie to
mix 1ts vaience s and p orbital to various degrees,
thercby forming the huilding hlock for extended
structures of ncredibly different electromc,
magnete and mechanical properties. |

Among them. thnsc formed by sp’ C atoms
have attracted much attentian in the last few years.
They can be collcotive termed as graphinc
campounds and comprise graphite, carbon
nanatibes, fullerenes,  Polycyclic  Aromatic
Hydmcarbons (PAHs), and recenily graphene
(the ome-atom thick layer of graphitc) and
praphene nanoribbons (GNRs}. i

We aptimized the geometries 0f the graphene
aad praphene with hydrogen using PW9LVWN,
PW91PL, MPWLYP, G96LYP, GI6PL3-21G,
6-31G, 6-31G%evels af theory and compared
owr resuits with cach other. We present the most
important struclural paramcters determined for
the additon nf a hydrogen atom to graphene, The
siructures detcrmined for the praphene with a
hydrogen atom is presented in Figure L. The
outward movement of the carbon atom that 1s
bonded to hydrogen is 0.48 A. This result is
determined hy Casolo e af., using the plane
wave code VASP [36] The vatues determined by
us and hy Casolo ct al. are ncarly twice as large
as the one determined by Boukhvalov <t al.
{0.257 &) [36. 37. 38]. f

Fig. 1. Grapheae with a hydrogea atom optimized by PWH) VWNG-31G* level of theory.
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We stxdied the chemisorptions of hvdrogen
on geraphen containing 24 carbon atoms. The
computed structural parameters vary with
applied theory level, Considermg our experience
15 in computing chemieal structiures with some
kind of densiry functional theory methods. The

geometric  parameters  in PW9IVWN  are
1.119A° for C-H bond, 1.532A°, 1.325A°, and
1.525A° for the C-C bond which arc near the C-
H chemisorptions. The C-H and C-C bond
distances calculated for these chemisorptions
are listed in Table 1.

Tabe 1. The C-H and C-C bond distances and E caleulated for chemmsorptions

method E@almel | CHA) c€idl coy CCH)
PWOLVWN | -550172.067 1119 1.532 1.525 1.525
PWSIPL | -577854 963 1122 1515 528 1.528
MPWLYP | -575371.692 1127 1,532 1.525 1.525
GIELYP | -575321.904 1.126 1.531 1.524 1.524
GISEL 578319060 | 112 1.536 1.529 1529

The smallest value in all basis sets 15 related
to PWTVWN and the largest one is telated to
MPWLYP. As expccted, we have found that the
energy Of geraphen with H using PWOIVWN
method is smaller than the one experienced hy
the MPWLYP; the computed valyes arc -
5801720675 and  -575371.6925 calmol™,
respectively.

Geometries of the grapbene and grephens with
hydrogen using BILYP, PWO1VWN, PWOIPL,
MPWLYP, GO6LYP. GO96PL/STO-3G, 3-21G,
6-31G, 6-31G* levels of theory was optimized
and irrational frequencies obtained at the same

levels. Entropy has been evaluated by standard

statistical thermodynamic  methods.  Finally,

Gibbs free emergy of the reaction has been

evaluated by using expression {1):

AG(T) =aH (T)}-T AS(T) (1)
The entropies, enthalpies and Gibbs free

energics are  important  thermo  chemical

parameters for below reaction:

Geraphen + H— Geraphen-H

The obtamned results of thermo chemical studics

are it figures {2.34) and in table (2) .In all

methods AG, AH and AS inereased from 3-21G

to 6-31G™*.

Table 2. The values of thermodynamic functicns by different methods and basis sets

Thermodynumic 1y 0 0 | 3216 316 631G+
funetinns

PWOIVWN | 10737 11174 11471

PWOIPL | 12111 12536  [28.34

AG{cal/mol} MPWLYP | 121.31 1268 12923
GIOLYP 1314 13409 13600

G96PL 13549 13853 14107

PWOIVWN | 10874 1124 11647

PWOIPL | 12244 12596  130.09

AH {ealfmol) | wpwryp | 12468 12763 13117

GOEPL 13275 13523 138.94

(96P86 13779 13846  139.41

PWOIVWN | -54.61  -$5.13  -55.14

PWOIPL | -5491  -5533  -55.1%

AB(keaV molK) | ppwiyp | 5395 5456  -54.61
GO6LYP | 6873 6890  -69.01

(i96PL 6851 6841 6822
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Fig. 2. The values of AG by different methods and basis sets.
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Fig. 3. The values of AH by differsml methods and basis sets.

]

321G
_E_ ]
= G 311G
-3
p: ® 531G+

Method

Fig. 4. The values of AS by difterent metheds and busis sety

44




S. Shojaec et al. /1. Phys. Theor. Chemm. 1AU Iran, %(1): 4347, Spring 2610

CONCLUSION

We have investigated the addition of hydrogen to
graphcne. Structural parameters determined were
in excellent agreement with our 5 methods and 3
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