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Electron hydration dynamics in water hexamer cluster is studied thatiigitio molecular dynamics simulations at a

finite temperature within density functional thed®gcond-order perturbative MP2 calculations with appropriate basis set
containing extra difise functions are also performed on simulated structures to obtain more accurate results gétiwsener

Itis found that the structure of the neutral cluster significantly changes upon insertion of the excess electron. Both, surface
bound and partially interior states are found for the excess electron in the present siméfédioting electron capture,

the relative engy of the system first decreases very fast because of the structural relaxation and then changes slowly
towards the long-time value due to slower evolution of the systems throfgylewtifconfigurationsThe changes of the

average population of water molecules ifiedé#nt hydrogen bonding environments during electron hydration process are
also investigated.

Key Words: Electron Hydration; Water Cluster; Quantum Calculations; Ab Initio; Molecular Dynamics

I ntroduction (Paiket al., 2004; Pailet al., 2003Verletet al., 2005;
Bragg et al., 2004, Lehr et al., 1999; Hamnetial .,
2005;Ayotte and Johnson, 1997; Hamrakal ., 2004,
dJordan, 2004) have investigated negatively géhr
water clusters containing 4 to 50 water molecules to
elucidate their arrangement in the vicinity of a
hydrated electron and to study its dynamics.
Vibrational predissociation spectroscopy has been

When an excess electron is injected into polar
solvents, e.g., water or ammonia, either by
photoionization or electron beam methods, a solvate
electron is formedThis occurs through a complex

sequence of events involving thermalization,
electronic relaxation, trapping and solvation
dynamics (Keszedt al., 1995). Since the discovery : _ :
of ‘hydrated electron’ in 1962 (Hart and Boag, 1962), applied to obtain knowledge about the motifs of

this species has been studied immensely from bottE!€ctron binding in smaller clusters with four to six
experimental and theoretical points of view water molecules with an excess electron (Harnener

Haberland and co-workers (Haberland e 4984) &, 2005).These studies have shown that electron is
experimentally showed that the smallest water clusterclosely associated with a single water molecule
anion that could be formed is {8), ~. It has been  attached to the supporting network through a double
found that for smaller anionic clusters, @), ~with ~ hydrogen bond acceptor motif. Depending on the
n=2, 6, 7 andLare preferentially formed while those nature of electron binding, the presence of three

with n=3, 4, 5 and 8 are weakly stable and show verygroups of electron-water (D)~ clusters, e.g. dipole
weak peaks in mass spectra (Kéhal., 1997a; Kim  bound states, intermediate states and bulk embryonts,

et al., 1997b, Lee et a) 2005). Recent experiments have beenr®wn (Coe etal., 1990; Coe etal., 2006).
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The surface bound states are considered to be moret al., 2008; Pratihar et al 2011). The dynamics of
stable than the internal bound states for small anionicthe solvation process of an excess electron in water
water clustersThe issue of surface versus interior or other polar clusters is also an important and very
states of water cluster anions has been recentlinteresting issue to be addressed

addressed in more details by means of finite-
temperature molecular simulations applying
guantum-classical simulation protocolufT et al.,
2005).This study has shown that, apart from cluster _
size, temperature can also play an important role in.been- e>.<plored much -through. thgoretlcal
deciding the surface versus internal states of thelnvesngatlons. On the experimental side, picosecond

solvated electron. For exampleTat200 and 300 K and femtosecond spectroscopic techniques

only surface states were found for n=20-104, whereas(Rentzep'S’ 1968; Shank etal., 198_2) have proylded
at T=100K, interior states were found only for a means whereby ultrafast dynamics of chemically

n> 45 although it has been debated by otheeslév interesting systems can be directly studide rapid
et_al 2005:Turi et al., 2005).Thus, it is very clear hydration dynamics of elementary ions like electrons
that the hydrated electron is far more complex becaus@nd protons have thus become accessible to

of the fast dynamics of structural changes and.exper.lmental |nvest|gat|oqs. Lest aI: (1985)
solvation investigated electron hydration dynamics from the

chage transfer state of 2-anilinonaphthalene in water/

Finite temperature behaviour of {B),~using alcohol mixtures using picosecond spectroscopy
parallel tempering Monte Carlo method together with Early femtosecond transient absorption studies
a quantum Drude model predicted presence of manyMigusetal., 1987; Long et al, 1990) have resolved
isomers of this small cluster with tlifent electron  electron hydration dynamics in bulk wat&hese
binding enegies (Wang and Jordan, 2003; works have addressed the problem of resolving in
Sommerfeldet al., 2006) Various isomeric structures time the absorptions by electron in liquid water
of anionic water clusters of €iifrence sizes have also starting from injection up to its full solvatioé
been calculated through high-level quantum chemicalprehydrated state of the excess electron has been
and polarization potential based model basedproposedA recent experimental study (Paik et al.,
calculations (Ysotskiy et al., 2012;Vooraet al., 2003; Paik et al, 2004) have captured the ultrafast
2013). Recentlya hybridab initio molecular  dynamics of the electron in the presolvated and
dynamics scheme was introduced for simulating suprahydrated states in water clusters and obtained, as a
molecular anions and simulated vibrational and function of cluster size, the subsequent relaxation
photoelectron spectra of (kD) ~ (n=4) treating all  times by resolving the binding eggrof the excess
electrons quantum mechanically (Herbert and electron in real-time with femtosecond resolution.
Gordon, 2006)We also note that recent simulations Electron solvation dynamics in various nonagueous
(Boeroet al., 2003) have also studied the finite systems have also been looked at biediint groups
temperature behaviour of hydrated electrons in (Bragget al., 2010; Braggt al., 2008; Cavanagé
normal and supercritical water from first principles. al., 2007; Larsen and Schwartz, 2009; Lindeiet .,
Very recently ab initio molecular dynamics 2006; Frischkorn et @ 2000; Lee et al 2008) in
simulations of water (Frigato et al., 2008) and water recent years. In the context of clusters, we note the
ammonia (Pratihaet al., 2011) clusters with an  work of Frischkorret al. (2000), where femtosecond
excess electron have been carried out with an aim tghotoelectron spectroscopy was employed to monitor
address the issue of interior versus exterior solvationthe dynamics associated with the excitation of the
of the unbound electrom.hese studies primarily chage-transfetto-solvent (CTTS) precursor states in
focused on the cluster structures, electron bindingl=(NH,)_, ,- clusters.The experimental results
motifs and equilibrium photoelectron spectra of the implied that the weakly bound excess electron in the
anionic aqueous clusters at finite temperature (Frigatoexcited state undgoes partial solvation via solvent

Although the structures and egetics of the
water cluster anions have been studied extensively
the dynamics of electron hydration process have not
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rearrangement on a time scale of 0.5-2 ps, and thidn these simulations, the interatomic forces are
partially solvated state decays by electron emissioncalculated ‘on the fly’ at each time step from an
on a 10-15 ps time scalehe extent of solvation and electronic structure calculation based on density
lifetimes increase gradually with cluster sidde functional theory (DFT) (Kohn and Sham, 1964
solvation dynamics of electrons in ammonia clusters have employed the so-called'BRfunctional (Becke,

of varying size have been studied by applying both 1988; Lee et al., 1988) which was also employed in
steady-state and time-resolved photoelectronmany earlier studies of Fig. 1.

spectroscopic methods (Letal., 2008). It was found

that (NH,) ~ exists with lowest value of n being 13.
(NH), d confined phases are well described byYRL

The real-time dynamics of (NJj~ with n=20 to 60 . i .
have been investigated and compared with dynamicsfum'uon"’II (Laasonen etal., 1993; Sprik et al., 1996;

in (H,0),. For both the cases, the p-state of excessMa:;m;etal" I2|0081;9I3|g'.ili9n et%l., T(ggg; Sllvgggi!“
electron converts to the ground state in 150 fs, butgn e:tmlnez(C))'OP; Th, :u ?n uﬁ errr;)an, K t"
the relaxation process of the solvent molecules is oeseet ., _ )-The cu; ers have been kept in
found to be dfierent from each othevery recently the gentral region of a cubic box (box length = .15'0
the dynamics of electron solvation in molecular A) with enough empty space around the cluster in all
clusters like (HO)-, and (MeOH), and halide ion directions. Plane wave basis within local spin density
doped I(H,0) z;nd r(CH3Cl\rI]) have been (LSD) functional theory with an ergy cut-of of 80

n n i 1
investigated by applying time resolved photoelectron Ry is _used.The core electrong are treated V|a.the
spectroscopy (Ehrler and Neumark, 2008he Troullier-Martins norm conserving pseudopotentials
internal conversion lifetimes for ps s’tate were (Troullier and Martins, 1993 fictitious electron

reported to be 50 and 157 fs for bulk water and mass of 400 a.u. is assigned to orbitals and the coupled
methanol, respectively eqguations of motion describing the system dynamics

are integrated by using a time step of 3 a.u. (0.0725
Regarding theoretical studies done till now fs). In these systems, one free electron is introduced
short-time solvation dynamics of the hydrated to the initial configuration and then simulations are
electron in liquid water have been studied by carried out for 5 ps at 150 K in NVT ensemble for
guantum-classical molecular dynamics simulations
(Yanget al., 2001; Nicolas et al 2003) and by using
direct ab initiotrajectory method @chikawa, 2003;
Tachikawa, 2010). In the present work, we examine
the electron hydration dynamics in the cluster of water
hexamer (HO), by means ofb initio molecular
dynamics simulations. Such studies of size-selected
clusters help in understanding the nature of solute-
solvent interactions and also bridge the gap between
isolated gas-phase and condensed-phase dynamics.

Water ammonia and alcohols in bulk and

Simulation Details

Two simulations have been carried out starting from

: . ig. 1: Snapshots of diff f (H,0), cluster duri
two different structures 1(a) and 2(a) (Figs. 1 and 2) Fig. 1 Snapshots of different structures of (H,0) dluster during

the electron hydration process as generated by ab initio

which were reported earlier as the stable cage and molecular dynamics simulations. The density distribution
prism structures of the neutral water hexam%ma of the excess electron isillustrated in blue mesh while the
(Maheshwary et al 2001).The ab initio molecular red and grey spheres represent the oxygen and hydrogen

. . . . atoms, respectively. The simulations were started from
dyngmlcs simulations are performgd by using the Car optimized geometry of the cage conformer of (H,0), shown
Parrinello method (Car and Parrinello, 1985; Marx in (a). The snapshots of (b)-(f) were taken at different time

and Hutter2000) and the CPMD code (Hutmal.). instants between 0-3000 fs along the simulation trajectory
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evaluation of diferent structural properties and The structure as well as hydrogen bond network of
enepgetics as functions of timé&\Ve note that the the neutral water cluster changed with time. Mainly
temperature fluctuations upon addition of the excessthe water molecules rearrange among themselves to
electron were absorbed through Nose-Hoovergive a high dipole moment structure with time so as
thermostating (Nose, 1984; Hooydr985) of the  to hold the excess electron mordeadttively.
cluster at 150 K during the simulatioffhie density =~ Snapshots of representative structures and excess
distribution of the excess electron held by the singly electron densities of the cluster along the simulation
occupied molecular orbital (SOMO) is calculated trajectories after the electron capture are shown in
from theWannier functionsThe electron density of  Figs. 1 and 2 for two dirent initial configurations.
the SOMO is shown with an isosurface ctitof For the analysis of hydrogen bonding environments
0.004-0.006 e &. of water molecules, we have employed a geometric
After the atomic configurations are generated definition (Chandra, 2000; Balasubramanian et al.,
along the simulated trajectories, we have performed2002; Xu and Berne, 2001; Xu at a2002; Paul and
additional all-electron quantum chemical calculations Patey2007; Pattanayak and Chowdhuri, 20%arti

of these clusters at regular time intervals using Mp2€t @l., 2010; Jana and Bandyopadhya@1l) of
method to determine more accurate gies of hydrogen bonds. Specificallghe existence of a

different configurations that appeared during the real-"ydrogen bond between two water molecules is
time dynamics of the systemghese all-electron determined by using the simple geometric criterion
quantum chemical calculations at MP2 level are that the HO distance should be less than 2.3<or

carried out using the 6-31(1+3+)g* basis set (Pratihar@ 91ven watera donor hydrogen bond through one of
and Chandra, 2007; Pratihar and Chandra, 2008)tS hydrogens is denoted by D and an acceptor
which contains one difise sp function on each hydrogen bond through its oxygen is denotedby
heavier atom like O and threefdiges functions on  FOr example, the hydrogen bonding coordination state
each H atom (Pratihar and Chandra, 2007; Pratiha©f @ water having one acceptor and one donor
and Chandra, 2008)Ve note in this context that hydrogen bonds is represented Ap. Other
functionals like BIYP have been reported to h.yd.rogen bonding states are also represented in a
overestimate the true binding egies of anionic ~ Similar manner

water clusters when compared with more accurate o the first case where electron was inserted
quantum chemical and experimental results (Pratihari,ig the cage structure of water hexantially the

and Chandra, 2007; Herbert and Gordon, 2005;g|ectron was mostly distributed on the dangling H’
Herbgrt gnd Gor.don, ZOOGDhls overestimation of twoAAD-type andAD-type water molecules (Fig.
the binding engjies arises from the lack of a long 1(a)).As defined above, hefAD means a hydrogen
range exchgnge repqlsmn that is not captured by th%onding state where a water is engaged in two
BLYP functional (\agi et al., 2008). Howeverthe  jcceptor and one donor hydrogen bonds. Since the
structures obtained through these DFT calculations)g g H-bonding environments of these two types of

were found to be very close to those produced by\yater molecules are @ifrent, theelectron density
more involved calculations such as MP2 (Pratihar 5, these water molecules feifs from each other

and Chandra, 2007; Herbert and Gordon, 2005;yyith time, the number of dangling hydrogens

Herbert and Gordon, 2006). In the present work, théjncreases quite fast and the excess electron gets
all-electron MP2 calculations were performed using captured in a more localized state. Rifent

the Gaussian03 program (Frisch e &003). representative configurations taken from the

simulation trajectory of the cluster are illustrated in
Fig. 1(a-h) where the bound-electron char
From the finite temperature simulation trajectories, distributions of the singly occupied molecular orbitals
we could see the real-time evolution of the water (SOMO) can be clearly visualize@he density of
cluster (HO), when an electron is injected into it. the excess electron is mainly found to be in the

Results and Discussion
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vicinity of the dangling hydrogens of water AD-type water molecules.

moleculesThe structure of 1(b) is quite similar to Like this. in th q here th

the open book like structure reported earlier as a stable ke this, In .e secoq case W erg € excess
structure of the anionic water hexamirhas four electron has been inserted into the prism like structure

water molecules in single acceptingle donor (AD) of water hexamer (2a), structural changes hgve
sites, one in double acceptingle donor (AAD) site occurred and the free electron became more localized
and one in single acceptdouble donor (ADD) site. Wlth_the progress of time, dergnt represen'Fatlve
The excess electron density is mainly distributed Overconflguratlons taken from this simulation trajectory
the free hydrogen atoms of twd and oneAAD- of the cluster are illustrated in Fig. 2(a-ghe initial

type water molecule$he structure of 1(c) has a feur tphr 'SrgAlg(S i:onﬂgur;stﬂon olf 2(?) has thraéD and
membered ring consisting of thi&B and onéADD- re “type water molecules.

type water molecule which is connected to a two- Initially the excess electron is in a veryfdie
membered water chain by oMe-type water  state and mostly distributed on the dangling
molecule. One single acceptor (A) type water hydrogens cAAD-type water molecules. Here also,
molecule is found to be present at the end of the chainwith progress of time, the excess electron disrupts
The excess electron density is mainly localized onthe hydrogen bonded structure of the neutral cluster
the dangling hydrogens of thetype water molecule.  and the water molecules reorient themselves to bind
The structure of 1(d) has twd, oneADD and one  the free electron in a mordettive way The structure
AAD-type water molecule in a fotmembered ring,  of 2(b) consists of twAAD, two ADD and twoAD-

with ADD and AAD-type water monomers being type water moleculeghe free electron is still in a
hydrogen-bonded t& and D-type water molecules, diffuse state and distributed on the free hydrogens of
respectivelyThe free electron is being held by free  AAD andAD-type water molecules. 2(c) is the open
hydrogens of oné\ and oneAD-type water  pook like structure. It has fokD-type, oneAAD
monomersThe structure of 1(e) is very much similar and oneADD-type water moleculesThe free

to 1(b). It is also an open book like structure, but it hydrogens ofAD andAAD-type water molecules hold
contains fouAD-type, one double donor (DD) type  the excess electron in this structure. 2(d) has one four
and one double acceptor (AA) type water molecules,membered ring of threAD and oneADD water

and here the excess electron density is more localizegnolecule which is bound to the two-membered chain
over the free hydrogens &D-type andAA-type  of oneAD and oné\-type water molecules on top of
water molecules. 1(f) has a puckered five-memberedit. The excess electron is primarily captured by the
ring structure consisting of four water monomers in dangling hydrogens ok and oneAD-type water

AD sites and one iADD site which is hydrogen  moleculesThe structure of 2(e) consists of a non-
bonded to thé-type water molecule on its top. Here  planer five-membered ring of foAD and oneADD-

the excess electron density is mainly localized on thetype water molecules with oetype molecule H-
dangling hydrogens of th&-type water molecule.  ponded to thADD-type water moleculélhe excess
1(g) has all the six water monomers in the same H-electron is captured by the free hydrogena aind
bonding sites as in 1(f). Here the five-membered ring AD-type water molecules. 2(f) is structurally very
becomes more twisted towards theype water  similar to 2(e), although in 2(f) the five-membered
molecule to better bind the free electron. In the ring has become almost planer and the free electron
structure of 1(h), the formembered ring contains  js mostly bound to the free hydrogen#\efype water
threeAD and oneADD-type water monomers, one molecule.The structure of 2(g) consists of a five-
A-type water molecule being H-bonded to AtiaD- membered ring of fivAD type water molecules with
type water monomer and one free (NIL, which meansa free (NIL) water molecule on top of Tthe excess
having neither an acceptor nor a donor hydrogenelectron density is mainly captured by the free

bond) water molecul@he excess electron is mainly hydrogens of the NIL-type and oA®-type water
captured by the dangling hydrogensfofNIL and molecule.
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electron occurs in the system, the populatioA-of
type water molecules starts building up to an extent
of 16.6% and remains the same up to 100isards

the end of the simulation trajectory it decreases to
10%. Population oAD-type water molecules
diminishes initially to 16.6% till 100 fs, but again
increases and goes up to 50% and remains the same
for the rest of the trajectonafter 100 fs, the
population of bothAAD and ADD-type water
molecules decreases to 25% till 150A#er that,

the population aAAD-type water molecules further
decreases to 16.6% till 500 fs and then finally stays
at 13.3% for the rest of the simulation rdrhe
population ofADD-type water molecules shows a
fluctuating behavioult decreases to 8.3% till 750 fs
with a jump to 15% for a short period omgain at
1000 fs, the population &fDD-type water molecules
rises to 16.6%, but finally at the end of the simulation
trajectory it remains only at 3.3%. Some D-type water
molecules appear from 150 fs onward, initially with

Comparing both the cases, we can say that thes population of 8.3%, but vary with time and at the
attachment of an excess electron to water hexamer

provides sufcient interaction dects to alter the H-
bonded structures of the neutral clustéighough

the simulations were started from twddrent initial
configurations, evolution with time leads to many
structurally similar conformergt the initial stage,

the injected electron is found to be veryfuse but
with time it becomes more and more localized.
Addition of the excess electron to the neutral
structures of water hexamer leads to an increase in
the number of free dangling hydrogens that are mainly
engaged in capturing the excess electron dersity
some conformers, the excess electron is bound to the
cluster surface and in few others the electron is in
partially interior like states with OH{e}HO type
interactions.

Fig. 2. Snapshots of different structures of (H,0), cluster during
the electron hydration process as generated by ab initio
molecular dynamics simulations starting from optimized
geometry of the prism conformer (a). Asin Fig.1, thedensity
distribution of the excesselectron isillustrated in bluewhile
thered and grey spheresrepresent the oxygen and hydrogen
atoms, respectively. The snapshots of (b)-(f) were taken at
different time instants between 0-3000 fs along the
simulation trajectory

The evolutions of the hydrogen-bonding
environment of the water molecules with time are
illustrated in Figs. 3 and 4 for the two simulations
mentioned abovelhe results are presented In terms Fig. 3: The average population of water molecules in different

of distributions averaged over time windows of finite
width as described in these figures. From Fig. 3, it is
seen that although initially the cage structure
contained 33%AD, 33%AAD and 33%ADD-type
water molecules, once the trapping of the excess

hydrogen bonding environments during electron hydration
process along the simulation trajectory. The time intervals
over which aver agesare performed areshown in each figure.
The meanings of A, AA etc are described in the text. The
simulations were started from the optimized geometry of
cage conformer of (H,0), shown in 1(a)
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Fig. 4. The average population of water molecules in different
hydrogen bonding environments during electron hydration
process along the simulation trajectory. The time intervals
over which aver agesare performed areshown in each figure.
The simulations were started from the optimized geometry
of prism conformer of (H,0), shown in 2(a)

end of the simulation trajectory it remains only at
6.6%. Small amounts &A-type water molecules

also appear from time to time with a population
variation from 3.3 % to 0.1%. NIL type water

decreases to 8.16% for next 100 fs, but again increases
to 11% at 500 fs and to 16.6% at 1000 Tewards

the end of the simulations, it again diminishes to only
3.3%.Although 11..6% population ofA-type water
molecules appears in the first 100 fs of simulation
trajectory it decreases gradually to 8.5% by 250 fs,
5.8% by 500 fs, and after that it becomes essentially
zero for the rest of the simulation trajectory
Population ofAD-type water molecules also starts
building up to an extent of 16.6% initiallgut keeps

on increasing until it reaches 50% after 100 fs, and
remains almost the same for the rest of the trajectory
From the very beginning, the populations of both
AAD and ADD-type water molecules show
monotonous decrease along the simulation trajectory
After 100 fs, the population AAD-type water
molecules becomes 25%, it then diminishes to 8.3%
for the next 100 fs, again increases to 16.6% after
750 fs and remains almost the same for the rest of
the simulation trajectoryOn the other hand, the
population ofADD-type water molecules decreases
to 23.2% after 100 fs of simulation run, again jumps
up to 25% by 250 fs, but starts diminishing gradually
after thatTowards the end (2-4 ps) of the simulation
trajectory only 3.3% population gkDD-type water
molecules exists. Small amounts of D and DD-type
water molecules appeared from time to time for very
short time spans. NIL-type water molecules appear
towards the end (2-4 ps) of the simulation trajectory
with a population of 13.2%We note that the
distributions of water molecules infdifent hydrogen

molecules appear towards the end (2-4 ps) of thebonding environments as found from the later parts

simulation trajectory with a population of about 13%.

In the second case where the simulations starte

from a prism structure (Fig. 2(a)), initially baiAD
andADD-type water molecules had 50% populations.

of the simulation trajectories are very similar for the

dtwo cases even though their starting configurations

were very diferent.

In addition to the time evolution of the structure,

On capturing the excess electron, the H-bondedwe have also looked at the egies and the results
structure of the cluster changes and it is clearly are shown in Figs. 5(a) and 5(b) as functions of time
reflected on the time averaged population of water for the two cases studied hefe. described earlier

molecules with dfierent H-bonding environments

these engjies are obtained through all-electron MP2

shown in Fig. 4. Similar to the previous case, herecalculations and the results shown in these figures

also the populations oA and AA-type water
molecules start building up and vary tofditent
extents at dierent time intervalsAt first, the
population ofA-type water molecules is found to be
5% till 100 fs, then it jumps up to 10% by 150 fs,

are the deviations from initial ergges. After the
capture of excess electron to water hexarttes
enegy of the system goes down to —4.5 and -5.23
kcal/mol from the initial values for the two tlfent
starting configurations of the neutral water hexamer
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addition, the second-order perturbative MP2
calculations with appropriate basis set containing
extra di use functions are also performed on simulated
structures along the trajectory in order to obtain more
accurate results of the egetics.The primary focus
has been to study the structural andget@s changes
that occur during the process of electron localization
and also the role of hydrogen bonds in localization
of the unbound electroihe present calculations are
done with two diferent initial configurations of the
hexamer cluster

It is found that the hydrogen bonded structures
of neutral water hexamer cluster change drastically
upon the insertion of the excess electiidre cluster
evolves with time through many téfent structures
of different electron binding motifs and hydro-gen
bonding configurations during the finite temperature

_ _ _ _ , simulations.The spatial distribution of the excess
Fig. 5. The time evolution of the relative energies (E) of (H,0)4 .

dluster during the electron hydration process, The ener gies electron density shows where and how the excess

are calculated through all-electron MP2 calculations on electron is primarily localized during the hydration

structures produced by ab initio molecular dynamics process. Both surface bound states and partially

simulations at regular time intervals Also, theenergiesare  jparior states have been found for the excess electron

expressed relative to the initial energies. The results of (a) . . .

and (b) correspond to cases where the excess electron was in the course of both the simulation&fter the

injected tothe optimized cage (1a) and prism (2a) structures electron capture, the relative eggrof the system

of the neutral cluster, respectively first goes down very fast because of the fast structural

relaxation and then the eg@s of the systems are
found to change slowly towards the respective long-

e.g. cage and prism structures, respectiviélis is  time values due to slower evolution of the systems
due to fast structural relaxation of water moleculesthrough diferent conformational structure€he
at shorttimes on capture of the excess electitwese  changes of the average population of water molecules
early changes in the ewggrpro le occur within 100-  jn different hydrogen bonding environments during
200 fs for both the casesfter that, the engfies of  glectron hydration process are also investigated.
the systems change slowly towards the respectivesypstantial changes in the hydrogen bonding
long-time values due to slower evolution of the gistributions are noticed during the hydration process.
systems through dérent conformational structures. Generally the hydrogen bonding changes are found
to be driven towards formation of more water
molecules with dangling hydrogens, which lead to
In the present work, we have investigated the more efective binding of the excess electron. Finally
hydration dynamics of an excess electron in waterwe note that in the present study we have dealt with
hexamer cluster at a finite temperature by means ofelectron hydration dynamics in a pure water cluster
ab initio molecular dynamics simulation$he of six water molecules. It would be interesting to look
enegies and forces during the simulations are at similar dynamical processes in clusters ajdar
calculated within density functional theoryn sizes and also in other polar clusters.

Conclusions
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