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ABSTRACT

It is demonstrated that the doping of alkali metal atoms on fullerene, C 60, remarkably enhances the molecular hydrogen adsorption capacity
of fullerenes, which is higher than that of conventionally known other fullerene complexes. This effect is observed to be more pronounced for

sodium than lithium atom. The formation of stable complex forms of a sodium-doped fullerene molecule, Na sCe0, and the corresponding
hydrogenated species, [Na(H ,)s]sCeo, With 48 hydrogen molecules has been demonstrated to lead to a hydrogen adsorption density of ~9.5 wt
%. One of the main factors favoring the interactions involved is attributed to the pronounced charge transfer from the sodium atom to the C 60

molecule and electrostatic interaction between the ion and the dihydrogen. The suitability of these complexes for developing fullerene-based
hydrogen storage materials is discussed.

In recent years, hydrogen-based fuel systems have beemanotubes (CNT) to be5—10 wt % at ambient conditioris.
considered to be a highly important topic of research due to Subsequent experimental studies have refuted their claim and
the potential applications of hydrogen for future energy stated that the hydrogen storage capacity of CNT is very
schemes as a more efficient fuel in comparison to the existing poor and is only 24 wt %, which is below the 6.5 wt %
carbonaceous fossil fueld.Despite many recent technolog- target of the U.S. Department of Enertj{f. There is also a
ical developments in the hydrogen-based fuel systems, it isvast inconsistency in most of the experimental reports that
still a major technical problem to have safe and efficient is due to the difference in the experimental reproducibility
reversible hydrogen storage systems at ambient cond#ions. of the carbon nanotubes of suitable length and diameter.
Many methods have been reported for storing hydrogen gas.Some of the recent studies have also shown that the
involving its compression, liquefaction, and adsorption in nanotubes do not satisfy all the criteria to meet the required
several metals and metal alloys. Although the hydrogen targetl0-12

storage capacity of metal hydrides s wt % and these Apart from the CNTSs, there have been a few theoretical

SYSte.mS have been found to be useful, the operatlpnaland experimental studies focusing on hydrogen adsorption
conditions and the recovery process make them less ideal

f t of th lication h | studi on fullerene molecules, (especiallysdC and it has been
or most orthe applicationsin recent years, SeVeral Siudies  ,psareq that the interaction of hydrogen molecules is very
on hydrogen adsorption have been carried out on various

. X weak and the number of molecules adsorbed is also rather
materials, such as carbon nanostructdresplites? metak- 13-18 . .
. less? From these theoretical and experimental observa-
organic framework§,and clathratecompounds. Although . - .
. . tions, it is apparent that neither of these carbon nanostructures
none of these materials has yet been practically or com-. . . .
. . o s appropriate for storing hydrogen. Since the carbon
mercially successful, extensive research has been initiate : . .
- P nanostructures including fullerenes have high surface areas,
toward the development of promising novel materiafs orosities, and thermal stability along with unique mechanical
particular, carbon-based nanomatertaihich are believed b ' Yy 9 q

to be one of the promising hydrogen storage systems due toprqperties, any im'provement of ‘he.” adsorpt!on capacity by
their unique structural, mechanical, and electrical properties.SUItable modification would be of immense interest. Thus,

Many experimental and theoretical investigations have the storage of hydrogen molecules by carbon nanostructures
been carried out for hydrogen adsorption on carbon nano-is still an important issue and deserves more attention. Here,
structures. Dillon and co-workers have experimentally first W€ have focused our interest on the fullerene molecule as

reported the adsorption ability of hydrogen by carbon the prototype system_for the study of hydrogen adsorption
on carbon nanomaterials. One of the advantages of fullerene
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the Gy fullerene in its pure form in comparison to the tions have been performed at the level of density functional
nanotubes which is rather difficult to prepare in a pure form theory (DFT) with Becke’s three-parameter exchange func-
with definite dimensions. tionaP? and Lee-Yang—Parr correlation function& (B3LYP)
Since both metals and carbon nanotubes are known tousing the electronic structure program GAME3SThe
interact with hydrogen molecules, it may be worthwhile to standard split valence basis set 6-31G(d,p) along with the
make an attempt to investigate the adsorption capacity ofdiffuse functions has been employed for all the energy
the novel nanomaterials formed by doping the metal atoms calculations of the cation and hydrogen molecular systems.
onto the surface of the carbon nanostructures. A few The binding energy of the complexes is calculated from the
theoretical and experimental studies have already beenenergy difference between the reactants (metal atom and the
reported in the literature along these lines of thoughts, and relevant number of hydrogen molecules) and the complex
an enhancement of hydrogen adsorption by fullerenes orproduct species. Although metal atoms can occupy different
carbon nanotubes doped with transition metal atoms has beesites of a G molecule, we have considered the cations to
observed318 Yildirim et al.14 and Dillon and co-worket8 be situated at the center of the six-membered rings only.
have shown that transition metal atom-doped fullerene Since the effect of hydrogen adsorption on the geometry of
molecules can adsorb founiholecules per metal atom site.  Ceo is considerably less, we have frozen the coordinates of
In all cases, it has been noted that the initial adsorption of the Go molecule while studying the hydrogen adsorption
one H molecule is always accompanied by its dissociation process. In the present calculations, a detailed study has also
into atoms at the metal site and the additionahiblecules ~ been made for the system containing @nd different num-
are adsorbed as molecules. The charge transfer from filledbers of sodium atoms, fixed at the different six-membered
bonding orbitals of hydrogen to the empty d-orbitals of a rings, with the number of sodium atoms ranging from two
transition metal atom/ion has been found to be responsibleto eight . The optimized geometrical parameters of the cation
for the observed stronger binding of the hydrogen molecules, dihydrogen in Go system has been used for studying the
which can be explained by the DewaChatt-Duncanson interaction of hydrogen molecules with many sodium atoms
model*1519There are, however, many disadvantages as- (CeoNas(H2)sg) located at different positions. All these
sociated with the transition-metal-doped fullerenes, and the geometry optimizations and the energy calculations involving
suitability of these systems as a basic unit in the hydrogenthe Go molecule and the & complex with sodium atoms
storage materials has thus been questidriéé?-2°2'0One of have been performed using the B3LYP/3-21G(d,p) method.
the serious drawbacks is that the doped transition metal atomgiowever, the electronic property calculations, namely, the
tend to aggregate and form a cluster around the fullerenepolarizability and dipole moment of the alkali-metal-doped
due to their high cohesive energy. The recent report alsofullerenes, were carried out by the B3LYP method using the
confirms the formation of bulk materials when hydrogen is extensive split valence basis set, 6-31G(d). The initial
removed, and hence, the individual metal atoms may not begeometries and all the figures have been generated using the
further accessible for the adsorption of hydrogen mol- graphical software; namely, Mold&nand Gabedit® The
ecules'®20 Another important problem may also be raised charge on each atom has been calculated by Mulliken and
because of the fact that this transition-metal-dopegii€a molecular electostatic potential (MESP) methods. The basis
heavy-weight material, and the number of hydrogen mol- set superposition error (BSSE) has been corrected using the
ecules adsorbed at each site is also less. full counterpoise method for all the ion-hydrogen complexes,

In view of the above issues, there is a need for the develop-and the correction has been found to be very small in all
ment of new hydrogen storage materials that would satisfy cases (of the order of 0.5 kcal/mol).
most of the criteria. Accordingly, our strategy in this en-  Adsorption of Hydrogen Molecules on Go and Alkali
deavor is to (i) judiciously select the metal atom as well as Metal Cations. Let us first discuss the results on interaction
the carbon nanomaterials (fullerenes), (i) study their storage of hydrogen molecules with the isolatedo@nolecule and
capacity for hydrogen, and (iii) validate as well as satisfy alkali metal cations. The optimized structure for all the
the essential criteria as better storage materials than the existcomplexes is shown in Figure 1. It is important to note that
ing ones. In the present work, we show that doping of alkali molecular hydrogen is found to interact with the alkali metal
metal atoms into the fullerenes causes a remarkable enhancden as a dihydrogen molecule, and the ion interacts with both
ment in the hydrogen adsorption capacity, which is found ends of each hydrogen molecule, forming a T-shaped
to be better than the conventionally known fullerene com- complex and thus retaining their molecular identity. This is
plexes with transition metal atoms. We first investigate the an important difference from the transition metal ion and
hydrogen adsorption on pristingdas well as the alkalimetal  hydrogen interaction. In the case of transition metal atoms/
ions and then study the combined effect of both the fullerene ions, the first hydrogen molecule binds as hydrides (H
and alkali metal atoms on the hydrogen adsorption. In what molecule is dissociated into atoms) with a binding energy
follows, we now present the details of our calculated results in the range of- —30 kcal/mol*4~18 whereas the interaction
on the hydrogen adsorption by alkali-metal (Li, Na, and K)- between the sodium ion and,Hnolecule is rather weak,
doped fullerenes obtained from an accurate all-electron andand the binding energy is 3.8 kcal/mol.
Gaussian basis set-based quantum chemical calculations. |n the case of &, only one end of the K molecule

Methodological Details. All the geometry optimization  interacts with the carbon framework with a bond length of
(without any symmetry constraint) and the energy calcula- 3.22 A, and the interaction is observed to be extremely weak
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Figure 1. Interaction of hydrogen molecules with fullerene and alkali metal ions: (A) neugl(B) Li*, (C) Na'or K* ion.

(binding energy <—0.05 kcal/mol). When the second B
hydrogen molecule is brought closer to interact witk, C
we find that there is no binding interaction for the second
H, molecule at the same six-membered ring where the first
H, was adsorbed. This is in agreement with one of the
experimental results of Ye et #who have shown that the
weak adsorption of Hby Csois only 0.7 wt % at 77 K. The

Li* or Na" ion, however, is found to readily interact with
the second kKimolecule with a binding energy 6f6.62 and
—3.71 kcal/mol, respectively. We continued to add more
hydrogen molecules to the alkali metal cation to find out
the number of Hmolecules that can actually be bound with
the ion. Our results reveal that the sodium and potassium
ion can bind with a maximum of eightHmnolecules with

the binding energy of-16.51 and—9.51 kcal/mol, respec-
tively. In the case of the lithium ion, only six;Hnolecules

are adsorbed, and the corresponding total binding energy is
—25.73 kcal/mol. Here, the hydrogen molecular axis is
always arranged in a manner almost perpendicular to the
neighboring hydrogen molecule, thus accommodating a
greater number of Himolecules by reducing intermolecular
repulsion. This has been discussed in the literature, and one
of the recent theoretical studies by Gagliardi and Pyykko
has shown that the bare transition metals in the neutral andrigure 2. Adsorption of hydrogen molecules on alkali-metal-doped
ionic forms (Cr, Mrt, W, Mo, V-, Ti?") can bind with as fullerenes. (A) GoLi(H2)2, (B) CsoNa(H)e, (C) CooK(H2)s, (D)
many as six hydrogen molecules, leading to the formation CeoNae(Hz2)12.

of MH1».

Adsorption of Hydrogen Molecules on Alkali-Metal- molecules. For illustrative purposes, we have presented the
Doped Gso. The above results demonstrate that the interaction results for the hydrogen adsorption with the two- and eight-
between & and the hydrogen molecule is very weak, and sodium-atom-doped fullerene systems. Since the electron
more than one kFimolecule is not adsorbed at the same site. affinity of the Gso molecule (2.65 eV) is much highéthan
Now let us discuss the influence of doping the alkali metals the alkali metal atoms, partial charge transfer is favored from
into the Go molecule on hydrogen adsorption. Since the the alkali metal atoms to theg6; resulting in the formation
exohedral doping of alkali metals into thegGurface has  of fulleride anions due to the lowest triply degenerate
already been achieved by many experimental metfttis, unoccupied molecular orbitals o In addition, the alkali
present investigation can give valuable insights into several metal atoms have very high polarizabilities, which can cause
aspects of the hydrogen adsorption on the alkali-metal-dopeda strong dispersion interaction when these elements are
fullerene cases. It may also be noted that the bulk solid present on the & surface. These partially ionized alkali
formed by alkali-metal-doped fullerenes has already been metal atoms can polarize the surrounding hydrogen molecules
an important material for high-temperature superconductor and form a weak bond with the hydrogen molecules. It is
research. First, we have kept each alkali metal atom also observed that the interaction between the fullerene
individually above the center of the six-membered ring, and molecule and the alkali metal atom is quite strong: the
then the hydrogen molecules are allowed to interact with binding energies of the lithium and sodium atoms-a85.01
the alkali metal atom, as shown in Figure 2. A similar and —32.61 kcal/mol, respectively. Similarly, the binding
procedure has been followed for a higher number of sodium energy of K in KGo is found to be {32.75 kcal/mol), a
atoms doped in thedgframework interacting with hydrogen little less than the lithium case, whereas the lithium carbon
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Table 1. Geometrical Parameters (A) and Binding Energy (kcal/mol) Values for the Fullerdkali Metal Atom System, XGo
(Where X= Li, Na, and K), Calculated by the DFT-Based B3LYP Method

C—X bond length distance between metal—Cgo charge on the dipole
system shortest® longest? the metal atoms binding energy® metal atoms? moment® polarizability”
LiCeo 2.268 2.329 —35.02 0.42 (0.74) 8.138 511.450
NaCsgo 2.478 2.530 —32.61 0.55 (0.89) 10.687 513.271
KCeo 2.971 3.033 —32.75 0.62 (0.68) 15.345 509.184
NagCeo 2.430 2.552 6.247 —65.61 0.50 (0.86) 15.917 547.959
NagCeo 2.460 2.589 6.352 —220.93 0.35(0.71) 2.367 3890.735

ab Shortest and longest-€X bond length in one of the 6m-rings ok§; respectively ¢ Binding energy= E(CsoXn) — [ E(Cs0) + NE(X)]. ¢ MESP-derived
charges for the X atom in s The value in parentheses is obtained by the Mulliken methBipole moment in Debye unit$Polarizability in atomic
units.

Table 2. Geometrical Parameters (A) and Binding Energy (kcal/mol) Values for the Hydrogen Molecules Adsorbed on
Alkali-Metal-Doped Fullerene Systems (%& Where X= Li, Na and K) Calculated by DFT-Based B3LYP Method

bond length X—H distance between bond length of binding energy* charge on the

system shortest® longest? the metal cations H-H in Hy molecule of hydrogen metal atoms?
CeoLi(Ha)o 2.200 2.680 0.752 —b5.33 (—2.66) 0.14 (0.53)
CgoNa(Ho)s 2.581 2.753 0.751 —10.33 (-1.72) 0.11 (0.59)
CeoK(Hs)s 3.080 3.269 0.752 —7.24 (—-1.21) 0.62 (0.68)
CeoNaz(Ha)1o 2.562 2.782 6.612 0.752 —19.25 (1.61) 0.26 (0.57)
CeoNag(Hz)ss 2.591 2.750 6.630 0.751 —97.85 (2.04) 0.11 (0.59)

abghortest and longest-XH bond length as observed in X-dopedoQespectively® Binding energy= E(CsoXn(H2)n) — [E(Cs0Xn) + NE(H2)]. The
value in parentheses is the binding energy per hydrogen molé¢dIESP-derived charges for the X atom igsCThe value in parentheses is obtained by
the Mulliken method.

distance is less than that of sodium or potassium atoms. Thesaddition, the residual charge on each sodium atom also
binding energies are obviously much higher than the forma- remains unchanged, and the variation is very marginal; that
tion energy of the alkali metal cluster, and hence, one canis, less than 5%. This surprising result clearly indicates that
unquestionably argue that the alkali metal atoms will not each hexagonal ring of the fullerene molecule behaves like
form their cluster around 4 This is an important issue for  disconnected benzenes, and the reactivity is highly localized
the study of hydrogen adsorption on the metal-doped at the individual ring, as is evident from the values of the
fullerenes or any carbon nanomaterials. It is, however, binding energy of the cations. Thus, the binding capability
interesting to note that in contrast to the alkali metal cations, of each sodium atom does not depend on the addition of
the transition metal cations doped in fullerenes instanta- another sodium atom at a different binding site. This can be
neously rearranged into an ordered metal cluster due to theirconsidered to be one of the unique properties of the C
high cohesive energy. Jena et al. have recently theoreticallyfullerene molecule, which is in contrast to the general
studied the stability of titanium-dopeds€and shown that  expectation that the affinity of any system toward the elec-
titanium prefers to stay as a cluster rather than bind with tron-donating or -accepting atoms/molecules should decrease
the Gy and concluded that the titanium-doped fullerene is linearly (or even exponentially) when a higher number of
not very effective for hydrogen storage purposges. such groups is added into the system.

As reported in Table 1, the shortest and longest distances We now turn to the discussion on the adsorption of
between the carbon atoms of the six-membered ring andhydrogen molecules with the alkali-metal-doped fullerene
sodium atom is observed to be of the order of 2:2&3 A framework. The geometrical parameters as well as the
in both NaGo and NaCgo systems. The effect of the alkali  binding energies are listed in Table 2, and the optimized
metal atom on the structure ofgds seen only on the carbon geometries are shown in Figures 2 and 3. On the basis of
atoms that are nearest to the alkali metal atom positioned inthese results, two pertinent comments can be made: First, it
the Gy framework, and the effect is also found to be very can vividly be seen that there is a strong influence of the
marginal. However, the electron population analysis reveals alkali metal atom on the hydrogen adsorption, particularly
that there is considerable electron transfer from the sodiumin the case of Nag, which can adsorb six hydrogen
atom to the Gy molecule, which induces a strong permanent molecules at the sodium ion site with a binding energy of
electric dipole. In the case of Ngg-the charge on the sodium —10.33 kcal/mol. This trend is consistent with the results
atom derived from the Mulliken and MESP methods is 0.89 obtained for the bare sodium ion case. The loss of two
and 0.55, respectively, and for pGo, the corresponding  hydrogen molecules happens at the cost of the interaction
derived charges on each sodium atom are 0.86 and 0.50. of sodium atom with & framework, which causes the

It is very interesting to note that when more than one obstruction of the adsorption of two additional hydrogen
sodium atom is bonded to the fullerene molecule, the averagemolecules. The charge on the sodium atom in paalso
binding energy of the cations remains almost constant. Inless than that of the bare cationt1). Another very
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Figure 3. Adsorption of (A) sodium atoms with ¢ fullerene, NgCeo, and (B) molecular hydrogen in sodium-doped fullerenes,
CooNag(H2)4s.

interesting and striking feature is that the number of adsorbed(as observed in gNay) to 6.61 A in the GiNay(H2)12 System
hydrogen molecules is only two in the case of the lithium- so as to allow the hydrogen molecules to accommodate
doped fullerene. In addition, another four hydrogen molecules themselves around the cations with reduced repulsive forces.
are stabilized at the carbon atoms of the hexagonal andWhen the bond distance between the cation and hydrogen
pentagonal rings of thedggmolecule, with a bond distance molecules is compared for the systemgoNax(H,):2 and
of more than 3.5 A, and each of the foup hholecules is Nat—H,, the bond length is marginally shortened (of the
situated at 4.3 A from the lithium cation, as shown in Figure order of 0.2-0.05 A) in the fullerene system. A comparison
2A. In the case of potassium, although it also interacts with of the binding energy of the hydrogen molecules with sodium
six H, molecules, the binding energy is much lesg (kcal/ cations reveals that the hydrogen adsorption energy in the
mol), and the cationhydrogen bond distance is quite longer presence of the &gframework is less than that of the isolated
than that in the case of other alkali metal atoms. cation which is mostly due to the strong electrostatic field
To analyze the physics of adsorption of hydrogen by these generated by the bare cation. The weakening of the binding
alkali metal atoms in €, we have calculated the polariz- interaction with the hydrogen molecules by the surrounding
ability and dipole moment of all Xg, where, X= Li, Na, carbon framework atoms in Nagas compared to bare Na
and K. It can be seen from Table 1 that there is a significant cation is attributed to the screening of the cationic charge of
difference in the values of the dipole moment of alkali-metal- Na** from +1 to +0.8 au by the carbon framework.
doped fullerenes, and in particular, the dipole moment of Nevertheless, it is gratifying to note that the reduced binding
LiCgp is almost half of KGo. In the case of N&go, Since energy is actually ideally matched with the required adsorp-
the sodium is placed symmetrically aroung,@he net dipole tion energy for the reversible hydrogen storage purposes.
moment is much less due to the symmetric cancellation of If the sodium atoms are doped at all the available 20
the dipoles in each direction. In contrast, the polarizability hexagonal sites, it can be expected that 120mdlecules
value of these alkali-metal-doped fullerenes does not vary can be adsorbed by the N&so system. However, it is
significantly. However, the polarizability values increase important to note that the adsorption of the maximum number
considerably as we increase the number of sodium atomsof hydrogen molecules at one cationic site is only possible
around the fullerene molecule. The enhanced dipole momentwhen the cationic sites are separated by more than 5 A, at
and polarizability of these alkali-metal-doped fullerenes can which the system can experience minimum electrostatic
cause a strong interaction with the surrounding hydrogen repulsion and steric hindrance. Accordingly, we have identi-
molecules. Although these properties explain in part the fied only eight such cationic adsorption sites in the fullerene
reactivity of these doped fullerenes toward hydrogen mol- molecule that are separated by more than 5.8 A from the
ecules, the geometrical parameters may also play a significaninext nearest cations, and it can adsorb maximum number of
role, which is, however, not directly obvious from the results. six hydrogen molecules per cation with minimum electro-
Since lithium-doped fullerene adsorbs fewer Holecules static repulsion as well as steric interactions. The optimized
and the potassium-doped case is computationally expensivestructure of fullerene with eight sodium atoms at different
the subsequent adsorption study was performed only forsix-membered rings and its interaction with iolecules is
sodium-doped fullerenes. shown in Figure 3. The calculated binding energy shows that
In the case of @Na, it is interesting to note that the there is a strong binding between the metal atom and the
number of hydrogen molecules maintained at each cationicfullerene molecule, with the binding energy per sodium atom
site is six, as observed in the case of NaQvith a total being in the range of—27 kcal/mol, which is a few
binding energy of—19.25 kcal/mol, which amounts to kilocalories per mole less than that in NaCThe other
approximately—1.60 kcal/mol per hydrogen molecule. Note bonding features in N&go are observed to be very similar
that all the interaction processes are exothermic in nature.to the case of Nag and NaCso, and the difference in the
The distance between two Na atoms is increased from 6.25binding energy of the systems, NaG@Gnd NaCso is only
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10% per sodium atom, which clearly signifies the strong significantly reduced. In the present case, the interaction of
affinity of each hexagonal ring of thes&molecule toward hydrogen is much weaker than the transition metal ions (in
the binding of the metal atoms. the range of a few kilocalories per mole), which suggests

The fullerene molecule doped with eight sodium atoms that the materials Containing the alkali metal ions mlght be
forms a stable nanostructure with 48 hydrogen molecules Mmore suitable as candidates for the hydrogen storage purposes
(Figure 3), corresponding to 9.5 wt % hydrogen adsorption. than those containing other metal cations. Hence, reversible
The calculated total binding energy of the hydrogen mol- adsorption may easily be accomplished without destroying
ecules is in the range 0f98 kcal/mol, and the binding the host material; that is, the metal-doped fullerene molecule.
energy per hydrogen molecule remains approximate|y con- Qne of the aqvantages of the alkali-metal-doped fu“ere-nes
stant (1.96-2.04 kcal/mol), even in the highly loaded sodium S that being lightweight elements, they can help to achieve
atom cases. The above-mentioned 9.5 wt % of hydrogen is@ larger gravimetric density (wt %) of hydrogen. Itis also
only the minimum number of hydrogens that are adsorbed Very pertinent to note that the ngmbe.r of molecular hydrogens
by the eight sodium atoms doped on the fullerene molecule. Pound to the s-block metal cations in fullerene systems (

It may be noted that a good hydrogen storage material should= 12) is more than that of the transition metal cations (

be able to contain a gravimetric density of about 6 wt % of — 6—8)- Finally, on comparing the earller'expenmental .and
hydrogen and to adsorb/desorb hydrogen close to ambientheoretical reports with the present study, it can be mentioned
conditions (temperature range of 280 °C at moderate that the sodium-metal-doped fullerenes have many advan-
pressures)? Although the adsorption capacity of alkali- tages and satisfy some of the important requiremgnts for_the
metal-doped fullerenes (9.5 wt %) is comparable to any other hydrogen storage materials; namely, (a) weak interaction
solid-state inorganic materials, the fullerene-based materialsP€tween the ion and+molecules, (b) remarkably enhanced
have many advantages over other materials. It is possible toTolecular B adsorption, and (c) light-weight material with
achieve a higher weight percent of adsorbedmblecules ~ higher capacity for the adsorption ofholecules.

if we can embed a higher number of alkali metal atoms at  Conclusions.in the present work, it has been demonstrated
all available sites (including five-membered rings) in the that doping of alkali metal atoms into fullerenes causes a
fullerene systems. In this context, it may be worthwhile to rémarkable enhancement in the hydrogen adsorption capacity,
mention the experimental work carried out by Palpant et which is found to be better than the conventionally known
al.28awhose results confirm that 12 sodium atoms can be fullerene complexes with transition metal atoms. The effect
doped around the fullerene molecule, and the formation of @PPears to be more pronounced for the case of the sodium
cluster aggregation begins at abdlt- 13. In addition, they ~ alom as compared to the lithium atom. At high metal
have also observed that other transition metal ateims  coverage on the fullerene, it has been shown that the total
particular, gold atomstend to form a cluster on top of the ~number of adsorbed hydrogen molecules over the 8 sodium
fullerene rather than the direct bonding with the six-/five- &{0MSs is 48, with a gravimetric density 9.5 wt %. The

membered ring of the fullerene. This experimental report simple concept of ionrmolecule electrostatic interaction

directly suggests the possibility of the formation of sodium- €XPlains the observed remarkable hydrogen adsorption
doped fullerenes, N&so, (N = 1—12), which is in agreement capacity of metal-doped fullerenes. Since the important

with the present theoretical results on the formation of "€quirements for the hydrogen storage materiasmely,
NasCeo. weak interaction between the ion and molecular hydrogen

. . . and larger number of hydrogen molecules surrounding the
We now turn to the general discussion on the adsorption . g ydrog 9

mechanism. In the case of the alkali-metal-doped fullerene lons—are met Wlth the_ s-block elements, we hope that the
the adsorption of hydrogen molecules is essentially driven’OUtCOme .Of t.hls partlcul_ar Worl_< may sfumulate furth(_ar
by the electrostatic interaction between the induced dipole research n this area, parﬂculquy n de§|gn|ng new materials
and the quadrupolar interaction of the molecules with the .by exp!mtmg the ele_ctrostat|cs mediated jemolecular
field ted by th i ¢ d due to ch 0 ¢ interactions. The alka_ll—metal—doped fullerene molecu.le, thqs,
Ield generated by Ine cations formed due 1o charge anstely, ., 5 ney class of important nanostructured materials with
to the fullerene cage. In contrast, the interaction between

. ) - potential applications for the storage of hydrogen.
the hydrogen molecules and the transition metal ions is P PP 9 ydrog
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