air For 30 rmir at 452°C and {ii] reliusing in 4 M HCI
at 120°C for 22 hours,
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14, L, UL burnanasekera ef &l Py Rev, B G5, 0d9404
[2ear).

T4, We hawe abserved a sample-dependent difference in
5y that depends on the pature and quality of the
purilication proceds. The value depends, for exam-
ple, an whether HMNO, or HO 5 used to remove
residual zatalyst from the material, Care must be
taken Lo degas the purified material at =200°C ina
hlgl' MACLIm |:I 2., hetrer than - 107% carr} for 10 to
24 haurs and to I::il‘ttﬁ.i:ll' abgerve the as:,-.‘np:-:'.::
approacn of 5§ 1o 5, In our measarements on aboul
138 samples mostly derived from eleezric ARC
seaduced material, we find that samples with the
fowest amorphous carbon gentent and residual
metal catalyst show the smaedlest, negative 5 val-
ue {le. 5, ~-3to BV} The "best™ samples had
O-band Raman scattering imtensity ~1/20 (o less)
thar that of the T-band scaltering, and had
maasured mozal cortent of 07 tn --0.5 weight 3
(wt %), Some samples exhidited 5, as large a5 =50
Wk, Despite this variation in 5 all semples thal
reached an asympeotic negative TER value fo 5 in

Z7® 1550k

the range lrom =3 to =50 WK showed essentially
the same characteristic sesporse of the transpars
parameters (R, 5) to 2 specific gas

15, R D, Banard, Thermoelectonty in Metals and Allays
[Tawlar and Francis, London, 1972).

16, Recently, & beasd peak in 5(T), observed below 100K
ard supenmposed o a binear T background, has been
attriuted t an additianal contribution em phomen
drag (11, 17 Because our measurements In this
study were made a2 500 K, we ignore & phanon drag
contribulion that is a low-temperatuse effect

17 ) Wavroet al., Phys. Rev. lerr 50, 065503 (2003}

18, This agrumption is an application of Matthisssen's
e {T5]

14 H. E Ramern, ', C. fklund, unpuhlished data

20, P, B, Aller, in Supdrsanduethity A D- and r-Band
Metals. H. Suhl, M. 8. Maple. bds, (Academss Press,
Mo Yark, 1880]

21. P. L Rzgsiver, The Elaserzal Rasiroivine of Merals and
Aliays [Cambredge Univ. Press, Carmnbricge, 1987)

22, K. Bolton, A, RBosen, Phys, Chern, Chern, Rl 4, 2487
(2002}

23, The [100) tube is semiconducting and has a
digrmeter of TEI A It is sufficiently small o
facflltare the simulatien of a I.'srgr numher  of
scattering events required for statistical analysiz,

Z4. This was done by scaling the velocity of the caban
atnms at the mube eads tn werp at each trajectory

Observation of Large
Water-Cluster Anions with
Surface-Bound Excess Electrons

]. R. R, Verlet,” A. E. Bragg,1 A, Kammrath,'
Q. Cheshnuvskylz D. M. Neumnark -**

Anionic water clusters have long been studied to infer properties of the bulk
hydrated electron. We used photoclectron imaging te characterize a class of
{H, 0}, and (D,0), cluster anions [n = 200 molecules) with vertical binding
energies that are significantly lower than those previously recorded. The data
are cansistent with a structure in which the excess electron is bound to the
surface of the cluster. This result implies that the excess electran in previously
observed water-cluster anions, with higher vertical binding energies, was in-
ternally solvated, Thus, the properties of those clusters could be extrapolated

to those of the bulk hydrated electron.

The hydrated electron (7, which 18 localized
ind supported within a caviry formed by
surrounding water molecules, plays a prom-
inent role n many areps of condensed-phase
sgrenee such ws mdintion physics, bielegical
activity, electron trunsfer, and charge-induced
reacivity, Gas-phase clusters of salvent mole-
cules have also been observed 10 carry an extrn
charge (2}, and they represent microscopic
anelogs 1w their bulk counterparts, ussurung
that sufficient solvent molecules are present,
For water chisters, however, the critical size
bevond which the cluster anion resembles the
hulk hydrated electron has remained a contro-
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verstal issue. Specifieally, thene ane belioved (o
be wo localization modes for an excess elee-
tron in 2 water cluster: eninternally solvated
electron, ekin to-the bulk; and an eleciron
localized on the surfape of the cluster (3).
Significant theeretical effort has been
devoted o understanding the nature of the
excess electron in water clusters, (H.O0 "
Path-integral molecular dynamics simulations
found thet surfoce states are more stable at
siees up loon o 32 moleculss, whereas the
intermal electron is more stable for & 2 04 (1)
Electron vertical hinding energmies (VHEs),

which comespand o the minimum amount of

énerpy required o remove the elacrron from
the cluster anion with no malecular re-
arrangement, Wwere pradicted o be consideras
bly lawer for the surface staes than for the
internal states. Thus, photoclectren (PE)
specmoscopy of (HaD), elusters should yvield
the size at whick the surface-lo-ioteral
structure! trensformalion occuws,

REPORTS

tirme step. In this way, energy flowing in the tube
axial directinn was adsarbed, but not energy that
faws im the tube radial or ciroumferentlal directines

£5, 5aite et &l (2) reported an the strong diameter
depenidence ol the squath mode By ussig their
caiculazed squash-made frequency for a [10,70)
tube, we estimate that the squath-mode fegquansy
for a {10.0) tube is &% cm™ Incur melecular
simulations we nhserve 43 crn™ L The shart length of
the maratube which Is damped at the ends may
woshaft the squash-mede freguency relative to that
nhtained for an infindte tube.

25, 'We slsa fauad that the slopes of theorerical lines of
the average tube energy and the maximum radial
displacement as a hunction of the colliding mags
decreaze with tme.

27, =2 W et al., Fhis, Ree, Left, S0, 1566011 [2003),

28. C.-). Park, YoM, Kim, K. L Chang, Plya, Rew. 5 60,
10655 {1999

29, The suzhar: gratefully acknowledge many helpful
dscugsions with G, 0. Makan. This work was
supported by MEF (RCE] Pernsyhvaruia State Uri-
wersity (FUCE. and HARL), and the Swedish Foundasion
for Stratepic Research (AR and KE).
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However, PE spectra measured by Coe e
al, {#) showed no evidenee for o surfoce-to-
mnternal mansition in the predicted siee range.
Instead, the measured VBEs from (H,0), ] up
to (H.0),, sealed linearly with the inverse of
the cluster radius or, equivalently, s 7l
Such a correletion is expected for an internal-
Iy selvased elecron within a simple dislectic
model (1), which recovers the cbserved
gradient using the known dielectric constants
of bull water (4. @) Furchermare, axtrapala-
tion of the VBE o infinite sire (the bulk)
yielded a valee of 3.3 eV, which is close to the
photoeleciric threshold of water, 3.2 &V,
estimated by Coe er @l (). This result supparms
the idsa thar there is an intemally solvarcd
clectron n these clusters. However, the
measured VBEs are in good agresment with
VEBEs caleulated for surfoce states (3],
providing lhe alternative interpretation that
surfece siptes were cbserved in the ex.
perimenty, There s @ similar inconsistency in
the electronic absorption spectra of (H O]
{15 = n-= 50} (), in which the maxima also
scale lingarly with &= and extrapalate to the
abservable hulk vahie ([} Bur, those spectra
were alse found o be in agreement with the
calculated wvalues for surface rather than
internal states (&), Firally, even though PE
spectra of T (H,0), clusters showad a VBE-
versus-n=t? garralation with the 2ame gra-
dient as [EIEI:']}N' clusters (W), there i2 con-
senigus that the iodide resides on the surface
of amall- o mediume-s1zed clusters (J49, 1)

The issue of miemal versus surface struc-
rurce has reemerzed 1n the context of two recent
nme-resalved PE spectroscopy studies focusing
on the dymamics of (H,0), " elusters afler
clectronie excitution {12, /3), Measurement of
the internal conversion Lfetime of (H.O00 " asa
function of size {r = 25 10 50) extrapolated to a
bulk valee of 30 fs, supporting & nonadiabatic
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relaxanon moce! for the bulk hydrated clecmon
{J4). However, eximapolations o the bulk as-
sume that cluster anions sre skin to the hy-
drated lectron. Withow: direet evidence, the
gueston of electron localizetion in (H,0) "
clusters has remained open.

The nature of electron binding i water-
cluster anions can be claifisd by locating
(H,O), " isomers with either higher or lower
VBEs m the size range studied by Coe ef al.
(4). Here, we report cbservalion of ¢ class of
water-cluster anions with sigeaficamly bowsr
VEEs than those previously reported and as-
sign them to closters with surface-bound
electrons, These clusters werne penerated by
means of a new pulsed valve (1) capable of
producing very cold molecular heam condi-
tinns, and the chisters were characterized using
ome-photon and tima-resolved PE imaging.

Cur PE imaging apparamus has besn de-
scrihed in detail elzewhars (76 Clustars were
gangrated by passing Ar-Carner gas over water
[HaCr or Dy0) ar 20°C and were injected inro
the vacuum chamber by means of an Even-
Lavie pulscd valve, cperated ar 100 Hz (13).
The gas mixmure wis crossed by high-cnergy
clectrans (-~ 3K ¢V, generanng antons through
secondary-clectron amachment near the throar
of the expunsion. Anion clusters were then ex-
trected wnd mass-selected by their ime of Tight
before the leser interction, Electrons were de-
toched from the clostr by o =~ 100-f lose
pulse centered at o wavelength of 398 wn (i
311 eV, where & is Planck’s constant and v is
the fraquency of the laser pulse). The sjecied
PEs were analvzed by velociby-map Inaging
{7, in which an electrostatic lens projected
the three-dimensional (30 PE velocity dismi-
hution onto a facal plane. On this focal plans, 2
T0-mm multichannei-plate detector coupled to a
phosphor sereen provided a visusl display of the
ernitted electron cloud, and we coplured these
imeges on & charge-coupled device (CCD) cam-
era, PE spectre wene then reconstrugied from
the 2D imaeges wsing standard methods (48).

The one-photon experiments revealed the
existence of warer-cluster anion somers with
low VEBEs The dynamics of these isomers
were characterized by pump-probe exper
inzeqts, in which an initial pulse of ~100 fs
duration and centersd at a wavelength of
1650 nm (0.75 eV) pumped the population
into an excited stare, which was then probed
with & delayed probe pulse at a wavelength
of 790 nm and of similar time duration.

We acquirad PE zpectra af 2 number of
(1400, and {D,0) " clusters, where n = 11
to 200, The effect of varying source backing
prezsure i shown for (L}zf_}},; in Fig. 1. The
Biack line shows a rvpical PE spectrum with
VBE = 1.78 ¢V, in agreement with the re-
sules of Coe eral. (4), By gradually increasing
the sourge backing pressure, which genemlly
correlates 1o cooling of the cluster ensemble,
we observed a new feature at lower VBE. At

7 JANLIARY 2005

@ backing pressure of 70 pounds per square
tnch (pst), this feature deminates the PE
specium, &nd it has @ maximum al VBE
197 eV, This observed transition confirms
the presence of two distinet species i the
muolecular beam, labeled as somers [ and 11,

Acsenes ol PE spectin for (0,007 with e =
[1 1o 150 was collected both ar low {30 psi)
and higa (70 psi) backing pressures (Fig, 2
Fur clusters with n 2= 50, the PE spectra taken
ot higher pressure have @ single broad
asynunetnic feature, attributed solely to isomer
IL For n = 50, somer [ cannot be completely
removed in the pressure range studied (30 to
70 psi), and its PE signatine increases relative
tir tsomer [T as the size 1a decreaged. For these
smaller clusters, an addidonal feamre wasz
abserved at very small VBE indicared by
asterisks in Fig. 2 {isomer [I[). PE spectra for
(1L, are similar o thase of (Dy0) "~ for
sizes no> S0, Smaller clusters nt’{Elzf_}}; do
not appear 1 form isomer [ and [11 as readily,
ang neither isomer was observed below n = 27,

In Fig. 3, we compare the VBEs of these
differing 1somers with previeusly reported
YBEz and their n~'"* dependence (4, J2), Qur
measurcments for 1somer | are in agrecment
with those obtained by Coe er al, (4, Tsomer
I clusters show consistently smuller VBEs
thumn 1somer | clusters, und they scale linearly
with o=V for 11 = r = 20 and for m>= 50,
with o steeper slope for the set of larger
clustars, The VBEs for both isomers TT and
[l appear to connect smoothly, toward
smaller sizes, with those previonsly reportad
by Kim er ol (¥, who ohserved two 1so-
mers for several (HO,  clusters with n £
11 Figure 3 alen includes resulwi from
maolecular dymamics simulations (3), illus-
trating the spperent agreement of the calcu-
lated surface VBEs with isomer [

The abservation of different isomers over
a large range of cluster sizes suggests
differing modes of slsctron localization
Theoretical studies find that the isomer with
a lower VBE has its electron localized near
the surface of the cluster { 1), which leads uz
to assign isomer 11 to surface statas; isomer |
is assigned o clusters with internalized
alectrans. Scaling the VBEs that were cal-
culated from malecular dynamics simulations
hy 0% for bath surface and internal states
yielded mood agreement with the experimental
VRE: for isamers [1 and 1, respectively (Fig. 3L
Thiz result implies toa strong an clectron-
wazer interaction in the model poiential used
o caleulate the VBEs (200, The gssygnment
of izomer 1 to clusters with an internally
localized ¢lectron agrees with the original
assignment by Coc er al. (4) and validutes
our cxtrapolanon of the excited-state dvnam-
tes m (H.O) "~ clusters w those of the bulk
hvdrated electron (42).

Time-resolved pump-probe experiments
provided further chasscterization of isomer (1

1 n=11
13

— 50 psi
] — 42 pi
E 50 pai
[ 0 pai
&
(L)
[
e
£
=
2
=
gz hy
T T T T
[ 4 o |
VBE (aV)

Fig. 1. PE spectra of (D,0).,~ under varying
cluster source conditions. The peaks assigned
1o internally solvated and surface-localized
electron isomuers are labeled as | oand 11,
respectively. Different line colors represent PE
spectra taken at various hacking pressures.

20

10
VBE (&V)

561822 {24

VEE (aV¥)

Flg. 2. PE spectra of (D0~ with 11 = pn < 150
at 30 psi {gray) and 70 psi (black). The peaks
marked with asterisks show the presence of o
second surface state, isomer Il For e 17 to
50, the PE feature caused by the intemally
sabvated isomer (gray) is scaled to highlight its
contribution to the total PE spectra collected
at 70 psi. For @ = 80 to 125, there is virtually
no contribution from the internally solvated
isomer, and the PF spectra for these are scaled
to the intensity of the PE spectra from the
surface-baund [somaer,

i 123
VEE (aV)
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[n porticular, clusters with surface-bound
electrons werne predicted o support exeiied
states (8), end their relocation mles may thus
be gquantifisd by measuring the PE signal e
hghest election kinetic snsrgy, corrasponding
to the time-dependent pump-probe signal
(21}, We measured excited-state lifesimes for
(Ha, and (L0, eclusters with 60 = 0 =
100 under conditions where only isomer 11
was present, and compared them to those pre.
vinushy obtained for isomer [ (Fig 4) (121 The
lifietimes for fsomer [T were longer and were
nearly sime-independent. This size invarance
suggasts a significantly waaker coupling of the
glectron o the solvent netwark, compared o
the [/n dependence observed for isomer [
cluseers { 72). The resuls in Fig. & reinforce our
aszsipnments of somers [ and [l because a
surface-bound excess electron is expectad o
be less strongly coupled o the solvent nerwark
than an imernally localized elecoron,

The VBEs measured for 1somer [ of
(0,00 with [T < n < 20 merge with those
measured by Coe ¢ ol (#) and Kim e al,
{449 For (H,0) " with p == 11, This suggests a
commen struchural metif o the fwo size
ranges. Recent theonetice] and experimental
work (22- 240 indicates that for clusters with
i = 7, the lowest energy snion structure s one
whers o double hydrogern-bond aceepting

Fig. 3, Plots of VBEs for water-cluster
anians versus A=W WRES for isomer |
wers obtained under conditions similar
to those used in previous studics. VEEs
for isomers 1 and 1l of (000 - were
extractad fram Fig 2, lsomer 1 data also
inclizde VBEs obtained for (H,0),~ with
G0 = n .= 200. The linear fit to data fram
Coe et al. is taken from (&), Data from
Kim et al. (19) for clusters with n = 11
are also shown, Data labeled “intzrnal
calculated” and “surfage calculated” are
from molecular dynamics (MO} simu-
lations (3} elso shown are MO binding
erergics scaled by 83%.

-VEE je\)

Fig. 4. Pump-probe results for surface
and Intermal states. Relaxation time
scales are piven after electronic excita-
tion of the surface [somers at O.75 eV
{open symbols) and internal [somers at
1.0 eV (solid symbels) of {H,Q) -
(circies) and (D,0), - (squares). Relaxas-
tion dynamics l:ﬁ the internal states Fol-
low a 1/m size dependence (12), whereas
dynamics of the surface states are
slower and show no size dependence.

Litestime (7s)
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300 1 % :} +i*
N 80,5, internal
& [HL T internal
II:-.::HZI El.rl:l‘. l:-.;.'}E I:I.::IE 0.:3-1 %:I.IIIJE
fin

AN water molecule vets os the binding site
for the excess electron. The electren 35 bound
by u combimatien of high dipole moment of
the overall solvent network and, more locally,
by the two dangling H atoms from the AA
wiater, Cur results support a similar electron-
binding scheme for isomer 1T with 11 £ » =
20, The evolution of isomer I VBEs for
larger cluster sizes, howewver, sugoeds a ran-
sitional region for 20 < n < 50, a5 & new
electron-hinding motif is establiched for o >
50, characterized by stronger hinding and a
more pronainced dependence on chister
radiug. Only ar thess large cluster sizes does
the surface-bound maonf for [H:ﬁ}"_ clus-
r2rz become prominent at colder condintons,
providing further evidence for a qualitative
chanpe in the electron binding once this size
is reached. The namre of electron binding 10
clusrerz with s > 530 1= likely o be similar o
thase observed in simulations {#). A local cn-
vironmen: invalyving smgic sceepror H awoms
from 1 small number of sobvent molecules binds
the electren en the cluster surface, The electron
15 further stabilized by the long-runge polar-
1zution energy induced in the solvent nes-
work, The latter effect is demunstrted by the
larger gredienl in the VBE versus o' plot,

Analoguus erguments suggest thal somes
0L seer: for (DL,0),” with 11 = » = 35, may

= e aul,
& lsomer]
Lsnmer If
Zsumer 11
w2 Mimearal
T Imiznalcalgulaed
v sl svaded
Susfave prleulmess

& hurface ackkid
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hoave similar electron-binding motifs o the
lower-VBE isomers observed by Kim of wll
for (H,C)” with n = 11 (I¥). By measuring
photoedetachment cross-sections of the twa
isomers of (H,0), , Bailey and Johnsan
concluded that the electron distnbution for the
lowver-VRE isomer is significantly more diffise
{25, This conghusion is supported by ab initio
caleulations (23], predicting a hook-like sol-
vent sticture for the lower VRE somer for
which the dipale moment of 5.3 I i5 abour half
that af the (H,(0), structurs with the A4 water
molecule. The evalution of the isamer 11 VBE=
thus suggesrs a more ditfuse surface-clectron
Bound by a number of dangling H atoms. The
very weak size dependencs of this somer also
sugpcas that the collectve nerwork provides
limle stabilization because the elecmon 18 de-
localized over much of the surface.

Reparding the mechanism by which the
diftening 1somers are formed, the considerably
higher VBEs for isomer | indicate thot i1 15 the
mare stable amior for e =1 [ However, some:s
1T end T are favorsd by higher source backing
pressurs, which is generlly assocated with
Torming colder und more stable clustess, It
appears that somers T and [T e metastable
species whose [oonation [s enbanced under
colder expansion conditions. These resalts can
be rationalized, given that water-cluster anions
are mast likely formed in the pulsad jar by the
attachment of relamvely low-egnerpy elecimons
toy neutral clusters, which than cantinue ta grow
as the expansion prograsses. As the backing
pressure increases, the neutral clusters should
he larger and colder in the region of expansion
where electron amachment accurs. Henee,
under normal conditions gimilar o those used
by Coc er af. {4 (3} ps1 tmour expenment), we
propose that the elsctrons are attaching to
relatively warm, liguid-like clusiers, and fir-
ther solvent molecules may condense anta the
cluster after atachment. Furthermore, solvent
rearrangement to form the lowest ensrpy anion
configuration occcurs. readily because of the
high internal energy available in the aolvent
retwork. On the other hand, formartion of large
anions with surface-localized electrons occurs
under muck colder canditions, where a small
Imeal renrganization can hind the electron an
the surface, but the averall low intemnal encrey
inhibits the large salvent rearganization neces-
sary to torm the internally salvated clectron. In
that sensze, the binding process of the large
clusters (n = 30) may be viewed as electron
grachment to an oo nanoerysial

For smuller clusters, where |1 < n < 20, the
situation is fess clear, No newtral (HO)
slusters with AA water mobecules ove been
wbserved experimentally (24). Assuning that
the isomer 1T cluster anions involve an electran
binding o an AA water molecule, it appesrs
that these species cannot he formed by simply
adding an efectron to & neutral cluster: a
substantial amount of solvent rearangement (s
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mquired even for a surface state, The obscrva-
tion of isomer 1 clusters in this size range onby
for (D,00 7 attests to the fragilicy of these
1spmers, They are most hkely assoetated with
shallow local minima on the everall potential

Bneray |-|1[I.nJ:-L|JIJI:' oo exist only breawse of the
lower zero point energies and tunzeling rales
associated with 0O as compared w H,O (27).
These considerations rmay explain why, even
for larger clusters where we see momers Tand
11 for btk lsotoporners, it is sasier o make the
surface-bound fsomer I for (D0}, 7 clusters,
The preference for somer {H,01,"
chisters could also be 2 manifestation of the
preater stability of the hydrated electron in
liguid 1.0 than in D0 (28]
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Liquid Crystalline Networks
Composed of Pentagonal, Square,
and Triangular Cylinders

Bin Chen,' Xiangbing Zeng,” Ute Baumeister,”

Garan U;'lgallr,3

Carsten Tschierske'*

T-shaped maolecules are designed in such a way that they self-organize into
nanoscale liguid crystalline haneycombs based on palygons with any chasen
number of sides. One of the phases reparted here i€ a periodic organization of
identical pentagonal cylinders; the other one s a structure composed of
sguare-shaped and triangular cylinders in the ratic 2:1. These two different
packing metifs represent duzls of the same topelogical class, The generaliza-
tion of the concept applied here allows the prediction of a whole range of
unusual complex liquid crystalline phases.

One of fhe foscinating aspects ol bechive
heneyoombs 15 their nearly perfect hexagonal
structure, Although it is misitively “ebvious”
that this is the way 1o pack eylinders with the
mipinmwm wall area, the mathematical proof
came orly recently (/). Whether we [ook ar
living tizsne or the organization of nanoparticles,
malecules, or atoms, one can find nurmerous
examples of hexagonal patterns, The situation
is diffarent for pentagons. In contrast to hexa

goms, megular pentagons, whose edge lengths
and angles are all equal, fail to tile the plane, 2
facr thar haz inmripued humans since ancient
anmes (2, F). However, snugly fiming penta-
gons can tile the sphere, either by themselves
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(pentagonal dodevghedron) or in combingtion
with hexagons [, fullerenes (4 or supermol-
ceules like polyvoxometallates (5], In contrast,
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niing of a flat plane by 1denncal pentagons can
be achieved onby if regular penfagons ane
mixcd with other polygons in a nonpenodic
armanpement [Penrose tlings (6, 7)) or if they
contain ar feast owo- different angles and side
lengths (&, ). The lamer 15 difioult w realize
on g moleealar scale with the rether srongly
fixesd egles and distances dictated by covalent
bondimg and cocrdination of standasd chem
wal Lmlm..g blocks. Henee, only o nonplanar
wo-daensional (20 net of pentagens has been
realized with a coordination polymer (7). We
show that the liguid crvstalline state (7},
which combines order and mabiality, provides
the necessary degree of flexihilite for the re-
alization of penrapanal honeyoombs.

Liguid crystals (LCs) are known as ma-
tenigls for flat, low power-consuming displays
in computng and twelecommunication devices,
The self-organization withie the liguid crvstal-
ling phases s driven by the moleealar shaps,
leading to long-range erenbutional order, and by
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Table 1. Phese transition temperatures [T) of compounds T and 2 (73] and the volume fractions of polar
side chalns (f;] and monpalar enc chalrs (f;). Abbraviations: Cr, crystalling sol'd state: Col | fesgm, squars
columnar phase of the plane greup pdgem: Cel, | Spémm, square columnar phase of tha plane group pemm:
Cel, /pomm, hexagonal columnar phase of the plane group p&mim: Iso, isotropic liguid state.
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Observation of Large
Water-Cluster Anions with

Surface-Bound Excess Electrons

L R R, Verler,' A E. Gragg” A Kammrath,"
0, Cheshnavsieg,® 0, M, Mewmark "

Anleniic water chusters have long been studied to infer properties of the bulk
Fydrated wiectron, We wed photoslaction imaging 10 charactesize a class of
1H 00, and (0,00 cluster anors {n £ 200 moleculea) with vertical birding
arerging thaz nre sigrificascly lpwer tham tinse previausly recorded. The dara
are saraiseene with a scructurs Inowinleh the ewcess electron |s bound ta the
swrface af the cdusrer. This resulr implles thar the excess electran in previowsly
chserved water-cluster anéons, with higher vertical bindng energies, was in-
ternally solvated. Thus, the propertes of those dustens weald be extrapolated

to those of the bulk hydrated electron.

Ihe hyerpted electron { 1), which 24 locatized
ind supported withdn 2 &dvity fomed by
wrrenmding waler malesuies, nlays A proc
=l pale B0 macy oretd af condemicd-nhas:
aelesee ssh Al mdSarinn physes, kdslapleal
acivey, elesmom mesler, and chorge imdneed
rzaciivity. Gms-phase chusters of solvem maole-
o have aleo Desu wlesived o cany an esia
cage [ and ey sepreen REcoKugs
alugs W e bulk sl g
that sushicient saivest ideeuls am preseni
For waisr clustsn, bowever, B2 citicl sis
bevoul wiach the stuiter anicn csiemble Ge
bl pndiated elegtion has remained 4 ponto-
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trve In 4 wiiee choser dr mrwhe_g[

glossron, gkin en tho kalle ged ap clessmon
Inenlbred an the mefhos of e alymer (5)

Sigrificant theoretical effar has hesn
devoted 1o undersasding the raiure aof the
wheEM meedwm mowalss dluaters, [HLOL
Pall-inbegral moiewulis dynaaues simlatos
Il i

gutles syes we s gisbls g1
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inbert Seten b g shabls fle o 2GR0
Eleesun veikal bundisg  enczgies OVBEL
wind correpesd [0 S mimmum amount al
gy regeuied to remove Bw Sevtron fam
the chustes amise Witk o malecular re
armngrment, were predicied o be cousslae-
Biv lawer for the saficy siales e foc U
icermal . staled. Thgg, photoelectron [PE}
speetroseogry of (FLLN " shoters should vicld
the size at whick the furface-ta-inieenal
aue=al e fomation soours.
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“Specifically, there are believed to be two
lncalization modes for an excess electron in a
water clusterr an  internally  solvated
electron, akin to the bulk: and an electron

localized on the surface of the cluster (3).
{HEE)

Path-integral molecular dvnamics
simulations found that surface states are
more stable at sizes up to n = 32 molecales,
whereas the internal eleciron is more stable
for n> 64 (3).
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