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Observation of Large 
Water-Cluster Anions with 
Surface-Bound Excess Electrons 
J. R.R. Verlet,1 A. E. Bragg,'A. Kammrath,1 
0. Cheshnovsky, • D. M. Neumark 1·•• 

Anionic water clusters have long been studied to infer properties of the bulk 

hydmed electron. We us吋photoclectron imaging to char,cterizc J clJos of 
(H,0); Jnd (D,O)^ —du ster Jnion, (,):, 200 motcculcs) with vcrticJI binding 
energie, thJt,re,ig,iificantly lower thon those prcviou,ly recorded. The data 

are consistent with •如uctore in which the excess electron is bound to the 

surface of the cluster, This result implies that the excess ele..--tron in previously 

observed wa t er•du ster anions, with higher vertical binding energies, was inｷ 
t •rnaU y solvated. Thus, the properties of those ch」sters could b• ●xl『dpolatedl
to those of the bulk hydrated electron. 

Thc hydra:oi cIじctron(/), which is local立凶

an<l supponcd within a cav,ry fonncd by 

surrouncins 、,·atcr molecules. play, u promｷ 
incnt role in many urぐUS uf cund·：nscd·phぶ
函«K< such as rudiution physi心 biologic.al
uctivily, eleciI-09l tmnsr｢f. aI;d cl囚I穿-i11duced
,eac••ivity. Gas·ph硲e. c!uSCIS or solveat moicｷ 

culcs lt>ve also bee11 ousが叫！0 9・血yan extm 

charge (2). and they,守：e汝llt 1llicr“o pic 
出1alog, to tl,ei, bulk cow,！なp出9>. 心SUIlUl15
血9 Sufficie£9 沿lヽ·ぐIIt mo!ecu!es afe pI心如9.

For wa9er cl919Iers. howcvet. 9he criucal si公
he)'<>r.o which the cluster onion r心cmbles the 
hnlk byrlra！出 cloc:n-on h>s r<:m研ina 3 0而か
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Vじrsi● I issuじ． Spじcific●lly. thcm 田¢に1icvcdlo 
むiwo l0<aliza1ton m凶cs for an cぶ心5 cI,"ｷ 
"on in a wuIcr ciuslcr: ar. inlcrnaI!y solva:ed 

clCCIron, akin 9o thc bulk: and ull elecaｷ091 

locali,ed on ti:e surfo.e of the clus:er (3). 

SigIIilicant lhOretical e伽·, has been 
如oted 10 uuders:andi!lg tile,叫皿, of rhe 

奴ぷS e_1心Il09し 999 Waef cluSIes. (H,0); 
Path-u11egral n,olecula: dymmies simulaiions 

fOUIId 9ha9 Surtuc心 SIUIes are n10I℃ S9able aI 
s立es up 90 9: 32 molecules. whe1口S IlX’ 
internal electron is more s,,,ble for",? 6-1 (.1) 
E.lcc1ron ¥"Clt;e,,I binding enerSi<.< (VTIE<), 
which correspond to the minimum amount of 

en白図 requi~d 90 r血ove Ihe eleC190n 伝om
the cluster anion,,;,h r.o molecular reｭ

arrangement, were pだdicted 10 he cons心：ra­
bly iowef for the surbee saICS th3n tbr Ihc 

inierr.al <tates. Thus. photoclccrron (l'E) 
S応rrosoopy ot・（比UJ,: olus佑n< should)-icld 
th•： siな U9 Which 9恥 sur紐·C-9Cin9CrnaI
struc9Ura! mmdre，・"叫iO!!oc.clus. 
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However. I’ I:: spccm, mcasuroxl by Co< ei 
al. (~) showcd no c,ｷidcncc for u 氾rfa如ぼ
intcrr.sl rrar.,ition in 1hc pr<'1ictcd si«呻gc.

lnstcac. ihc m匹sum! VBEs 伽rn （比0)1~ up 
to(H,0)ぷ四如! lir.eerly、vith 1hc inver;c of 
加 clusicr radius or, equivalently、凸 99_,1
Such u corrcl• tion is expected fo,,m i111e,nalｭ
ly sol"u:etl eleo:,on within a simple dielectric 

model (5), which re<overs 1hc obscrvcrl 

gradient using the 知0 vヽn dic!canc consmnt., 
of bulk water (4. 6) Furthermore, c"rapnlsｭ
tion of the VBF. 10 infini,c siた（如e hulk) 
yielded a value oO  3 eV, which is <.In$<! to the 

pho;oelec1ric threshold of wぶer, ;.~ cV, 
ぶtimatoclhyC:,炉t a!. (4). Thi, result supports 
tr.c icca that :here is an internally 5olva1凶
clcaron ir. :hcsc cluicm, However. the 

m四辿ml VBEs am i 11 炉いd 喋心ment with 
VBEs eukulaｫd fo, surface states (J). 

pmviding tix allernative i IIIerp:eはtior. that 
汎11·恥< st•t« we.re o~se, ved in the,x. 

pcrimcnt,. The,ピis a suni畑inconsistency in 
the elecuonic abso11)tion ;p een• of (H,O),. -
(15 Sn S 50) (7). in which tile ma,oma als,, 

scale linearly with,が^andcxrrapolare to the 
obse"~ble b¥llk value (/). Rut、those spectrn 
、verealso fo¥lnd to be in agreement with the 
c.ilc11lated 、•alues for surf.,ce r.11her than 
internal states (8). rinally, even though PE 
spectra of I 偲O). clusters showed., V[lEｷ 
vcrS119•99•I93 coreIation wi:h tr.e 心me 町a·

n;ent as (11,0): clu<ter< (9), there is con• 
ふ“

sensus that the iodide resides on the surt'acc 

o f.$m311• ro mcd tum•SIZCd clustcrs (10, 11). 
rhc issuc of lntcmaI wmus s田仕心 sm¢·

rurc$ha9mcm吋cdm 由ccontext of two t1:e<nt 

nmc・resolved l'E 平：c!TO9copy studi心foc函ng
or. the d)11amic, of (H,O); cluster; a飯r
c血roruc ex叫utiりn(12, IJ). M四匹mCII9uiｷ 
th< internal conwrsio!l lifetime of (H,O). -a,• 
func9ionofsi.,e (n -25:0 50)exrropoh:cd roa 
bulk value of ;o fs. s,1pporring. a nnnacli油油¢
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rclaxauon moccl for 11:c bulk hydrated elccrron 
(/ 4). However. cxrrapola:ionら 10the bulk as• 
sumc 1r.a1 cluster unions arc akin 10 the hy• 
dratcd e1cciron. Wiihou: dtrCC9 Cvidq:cc, thc 
question ol electron loculiな1 ior. m （比0)91 
cluslms haヽ remair:ed up,・ 11.
Tho 11atwe of electro11 binding in watet'ｷ 

c!u淑l uni091S しoan bピ cia"5ed by iocai915 
(H,0)、,―isomei,、vi1h either hi帥er or lower 
¥'l3Es in the si,e range stu<i汝I by C心ど： ul.

(4). Hei,. we,tpon obsenｷat,o;i of a class of 
‘‘t ler·clusiei a,uons with signincan:ly lower 
VBE, than those previo1,sly reported and asｭ
sign,hem 10 clttSlers wirh surface-bound 
elなrtuns. These clusters were generated by 
mean, of a new p11l>e<I valve (IJ) capahle 吋
prorl11cing very cold molccolor beam conrliｭ
rions,3nd lhcclusters 9t ch1ractcri7.erlosing 
one-photon ar.d time-resnlvec; PF. imaging. 
伽r PE im,ging app9mms has 函n deｷ 

氾nhedin dmi1 el心where(io. CI91Stem 19•em 
generated by passing Arべarrier gasoverwaler 
(11,0 or D,U) at 2o•c and were injected imo 
the vacuum chamber by means of an ピvcn•
Lavtc puls;d valve. operated a1 100 Hz (15) 。

•Ihc gas mi、:um 、vas cros奴d by htgh•cncrgy 
cI~ trons(P•5OOcV).gencraungamonsth,"Ough 
芯condruy•cl,s:tron a匹duncm n四r lhC,hroa: 
of由C<X匹nsioa. Ar.ion cl四叩吹rc lhcn CXｷ 
唸Iじden<l m邸•ScIc℃!,"1by their 血wur Oight 
b<forc lite laser i11terac1iO!!. Ek-CL'Utt.s were cleｭ
叫点～恥u the cluster by • ~ 100-fs la父I•
pulsecente函 ala wavelengdlof398 IUn (IIV 
3.11 e.V. where his Planek's cons:am a,:dVis 
the 細uency of the laser pulse). The ejected 
PEs w,:e a血ly公d by ,,ekciw•Inap hnagulg 
(17). u1 、vluch an elec11>:1s:otic lens project叫
thc ホ心·dirncr.sio叫（；f)） PE ve加ity di•· 
hurion onto a focal plane、• On 面isfoc.9i pia血、 2
71).mrn multich皿叫•pl血 dct,·"1orcou?KCIO 8 

pho,;,hor scた'-'fl p研ic,.'<i • vis叫 di:,play of訟
emilmi eImゅ！ clouL and 、vc cupl山`i lhcs 
im叩svn ecトぶ啄べ如plod 如訳 (CCD)<•m·
四． PE spectra 、vcrじ ihm rし心onstruc:cdfrom 
如 2Dimegcs using stand叫 methods(I 8). 
Tix U9teｷpho:on exp西me11:s rぐvca!cu the 

奴istence of warer•ClIISle: ation isome:s with 
109、•VBEs. The dyna,uics of these isomeis 
were eharacteri,ed by pump-probe exper• 
iments. in wluch on initial pulse of •·100 fs 
durntion and centered at a waveleng:h of 
IG50 nm (O.;; cV) pumped the population 
into ar. excite<i s:,1te. which was then probed 
with • <iclayco probe pulse at a 、‘‘vcleng1h
of ;90 nm and of similar time duration. 
We acquired PE spec:ra of a number of 
(11,0); and (IJ,o)" —clusrm. where n • II 
to 200. Tl:e effect of varying wurce backing 
pressure 1$ sho‘ '̀llto r (IJ,O),~ in Fig. I. The 
black lmc shows a typtcal I'Ii spectrum wrth 
Vlc!E = 1.78 cv. m 年cmcm wnh the re• 
su!<S of Cocer al. (4), Sy四duaily Incm•smg
thc s叩“x backing prcsurC, which gじ加mlly
cortelaIes IO cooling of the clu心(ememble、
,ve obsen,ed 3 new fe3rure 31 lower vBE. AI 

• backing pros,urc of 70 pour.ds per 刈皿re
ir.ch (pi). this fcnturじ dowjnutcs th,, PE 
spじc:rum. an<l it has • m邸imum u! VBE 
0.97 cV. This obs“vcd irausi9ion cunnrmb 
恥presence of !wu distinct specie, in 1hぐ
mukculur beum, labeled,s iso,ners I and IL 
A函心afPEspectm for(D20)“ —with•= 
11 to ! SO was co!le<ted both a, low (30 psi) 
and hig'.1 (70 psi)backing p匹ssurcs(f;g, 2) 
Fo, clusters witl> " > 50. the PE spectra 咄c,、
nt higher piem,re hove a single broad 
吟‘!luuewicfolum. anribt91ed solely to isomcr 
IL Fo, n < 50. isomer I cn'1not be completely 
l.cmovcd in thc prc知1m r·,nge smdice (10 to 
70 psi). an~ i応 PF sign,nire inr. re.,se.< ぇl.1tive
Io ìomer II as 9he she is decRa況d. For the記
.s:naller eh,<tet<, ar. additional fearure ¥¥':C< 
observed at wy sm>II VOE indicated by 
a.stcrisks in fig. 2 (i.<orT:er JU). PE specrra for 
(11,0) —are similar to those of (D20) —tor 

• 99”-
si,恥 99.> 5(1. 5m3ller clustem ot• (! h0). ｢o 
r.OI ap沢artotonn iぬmerII and 111 as rcad,ly. 
3nenci巾cr isomcr\\,as obscrvcd切lown=27.
In l'tg. 3. we compare the VlJEs of thcsじ
d1fl'cring isomers with prじviously report叫
V此sandtilt:,r 11'" dependence (4. 19). Our 
mcasurcmcms for isomer I 如in ugr,:cmm9 
with those obt•incd by Coe ei ul. (4). Iぶ“"er
II cluster:; show consistently smulkr VBEs 
9han isorncr I clus！ぐr>, and !hey汎’nk linearly 
wi:h nー1^ fo: I I 5, /:: 20 and for ",. 50. 
wi1h a Slee.per slope for the ser of larger 
clusfes. The \’BEs for bxh isomcrs II ar.d 
Iii appear to connect smoothly. roword 
suallef Sizes. with those previously rcpoでed
by Kim,ｷ1 ul. (19). who obsc,...ｷod rnｷo isoｭ
mers foｷ several (H,O). cluster.<、vi:h" ! 
11 Figure 1 also include< re.,ul:s from 
molecular dynamics.<imulaiions (J). illus, 
"atm8 !hc apparnt a；；応911el! t of t19C Calcuｷ 
Iatcd su9facc VBEs with iSOl11cr l. 
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Fig,,. FE spectra oi侶o),.- under varying 
clusw sour<e conc;1;ons. The peaむ困igned
to ;nterna!ly solvated and surfacc-locali,cd 
electron ，ン0mC『> arc lJb如d J9 1 J99d 19, 
9.e9poctiVl.‘!y. 0;fferent 1inc (0k>rsropresent PE 
5pecto taken at v面099s backing pres<99『es.

。

ー 30 psi
- 42p,; 

ー 50mi

— 70西
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Tl!c obsemHion of different isomers over 
u large runge of clus:er sizes sugges『S
differing modes of electron locali,arion 
Theoretical sn,dies find that the 泌mer ヽ‘ith
a loヽ‘,.r VBE has i:s electron Jocali,crl nc.,r 
thc surfacc of lhc ch"scr (;)、 which l<ads us 
90 asign immer II I(‘`ll rt·,ce smtes; isomer l 
is assigncd ?o cius?erく、vith intemali?.ed 
elecrrons. Scaling the VDE.< that were cal• 
cularcd from mol<eul•,rd)namics 点nulations
by n0% for 恥h surface.'nd in temal 紅ues
);e!rlerl go叫咤だ•mentwith 1he ex四Imen[39
叩応forisomen¥ II and I,,._si,ec,i、'eJy(Fig. 3). 
This re.<uh implies 100 strong an clccrronｭ
water interaction in the model po:cnnal used 
:o calcula1c :he VBl:s (10), The ass如mcnt
of isomer I to clusters wnh an ir.tじmally
locali7.cd electron agrees wi:h the original 
assignment by Coe er al. (4) and va!i,iutcs 
our extrapolation of the cxcitcd-s埠9c dyr9am• 
lCS m (H4))" —clustcrs 90 th露 ofthe bulk 
hydra9cd ¢Iしマ打on (12). 
Tim四心olヽ＇ぐd pumpｷprul9c expe:ime399 
provided fu呻er d1ara,·:eri邸ion of ;so,ner II. 

工
こ
上
人
上
」」二ｷ2-l O I 2 3,¥ 0 1 2 3 -1 0 l 2 3 

Vflと (eV) V8E (eV) VSE(• V) 

fig, 2. PE sp•ctra of (O,o).-wiLi 11 勺，， 150
at,O psi (gray) and 70 pii (black). The pc必
marked with asteri衣s show the p『C>cncc of a 
second surface sialC. Comcr III．卜09 n 11 to 
50, 出e PE feature caused by the iITte,nolly 
叫valed,>ome，(gray)is sc幽d lo higllligi?t its 
contoobulion lo the lOldl Pと S侭t9a colteoed 
at 70 psi. for :,―印 lo 12>. thC9C is vinually 
910 9099999bulion f90m the intcrnally soIvat吋
Bome. and the ?F sp代tra fばtheseare Kaled 
to the intensity of the PE s如• from the 
surface-bound isome<. 
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I,, pauicuIu9, cluSIC9‘‘v i lh surfacC-bound 
electrons were predicted to supportじxci:cu
叫tes (8), a叫加ir reIaxu!iun mtcs rnuy thus 
be quan,ifiさ¢ by IIlcaurms lllし• PE シIgnul a'. 
I逸hest e1eし・Milkinetic eue,硲． COI’,..spoudi 99じ
to the time-dependent pump-probe signal 
(JI). We measured excit祉sarc life:imes for 
(H,O). and (D,O)、,clu.;;ers with 60 ~ n ~ 
I 00 unccr condi,;on., whcro onlv isomer fl 
was pre如r.ond corupored them to those preｭ
、iouslyoh1.,ined for isomer I (Fig •) (/ 2) Tlie 
lifctimcs for isoI11CI. n 、vere longer ond were 
nc3rly s i7.e-ind平ndcnt. This si7.c invorionce 
suggestヽ a SI如ificantlywe.,ker coupling of the 
electrOn m 如 solvent neれvo*. cnmp9md ?〇
the l/n dc区ncence ob,crved tor isomer I 
clu.sters (12). The results in Fig. 4 reinforce our 
恥面ments or,somers I and 11. becaruミe a 

mrfuce·切und exc,ss electron is expect凶to
be le怠stronglycoupled to 1he solver.t net\ヽ，0ポ
血n an,mcmally localizcc elecaon. 
.l'l1c Vいピs measured for,somcr II of 

（見0)"― with 11 < n < 20 merge with those 
111C咄sured by Coじ CI (II. (4) and Kim eI ｢!. 
(/9) 「or (H.,0)"—with n $ 11. This suggests• 
common st,如urn! motif in the two s血
rangcs. Recc!II thcぃuical and cxpemncniul 
work (22 24) inCica9C5 9)1aI for cIusl“s with 
11 ~ 7, the low心9C11CIsy anion siruC9urc is onc 
where o doubl• hydrogeたbond accepting 

（ヽ\J\)、vatcr nmlc9'ulC 19C1S as 911e bindi99g sitc 
ror !hc cxccss ck•ctruI1. Thc cl心IruII is bOU9!d 
by u cumbinu:ion or high dipole 191U191e991 0f 
thし． uverull sulven1 91CIwok and、!11砥 l心ally,

by 1):e two d5mglmg H aIOIns fronl IlIe AA 
、votef. 0IIf resul1S Suppon a similar eleoronｷ 
binding scheme for isomer II wirh 11 !, " ! 
20. The evohnion of isomer II VBEs for 
larger cl11sicr si,cs, however、 SII邸がな a mcｷ 
sitional region for 20 < n < 50. ,1.S a ncヽヽ
eiec,non•binding moIif is C513blish吋tbr 9/.> 
50. characterized by srTongcr hiocling,orl, 
more proI10unccd dcpendcncc on cl11ster 
叫ius. Only at thぶe large clus:er Si%ｫ does 
the.mface如IInd mo:if for (11,0)"-clusｷ 
ters become prominen1 a: colder condmons. 
providing further evidence tor a qualicative 
chang< in rhe elecrron hinding once this si7.c 
is reached. The nature of clccrron binding 10 
clustぶ< with r, ｷ, 50 is likely to be similar 10 
those observed in simulations (J). A local enｭ
"ronmcn: Invohng 99ng1c acc叩tor H a:oms 
from a,rr,.JJ number of凶iv,'l1 9 molsul心袖,<ls
如 clじcmon un lhc clusIcr 辿rface.The ck"<匹II
is furthcr s:abilizcd by 1hc lunと·ranるし．polar·
比ation energy ir.duced in tho solvent 1四·
、vork. Tr.o laller,「fcct i5 dcmunsImml by IIm 
IurgC’r gたdicnlin I如 VBE versus n-11• plo:. 
AIIalusuus arg山1101ts sugg匹 IhaI i沿99lC9
"L se心 lo, (D,0)..—with 11 S II S 35. may 

Fig, 3, Plots of VSEs for water-cluster 
anion5 ver久』5 (lー999. V8Es foi i紐9ヽer 1 
were ob,a;ne.d under ccndit;cns similar 
to tl‘09C l心d in proviou, studies. vsお
for 函mers II and 111 of (D,0)'ー、如℃
e.><1ract•d from,;g, 2, Isomer II data also 
indud, VBE, obra;n吋for (H,0).-w;th 
60 $ n $ 200. The linear fit toｷ data from 
Coe et al. is taken from (G), Data from 
K;m et al. (79) lo, cluster, with n < 11 
a,e also s卜own. Data labeled ";nternal 
calculated" and ｷsurface calculated" ore 
from molecular dynam;cs (MD),;muｭ
lJbons (3): abo srown are MD b;nd;ng 
cncrg心 scaled by的％．

Fig. 4. Pump-probe resulu for surface 
and Internal states. ~elaxation time 
scaies afe gven aher e!earonic exdtaｷ 
tion of t~e su廿ace Isomers at 0.7S eV 
(open symbob) and internal Isomer< at 
1.0 eV (solid symbols) ot {H20).ｷ 
(circle,) and (020)，・ (>Guores). Relax,ｭ
t90n dynami～゜fthe mlemaI states fotｷ 
lowe l/ns；、ed叩endと'1lCc (12). 、vhe『西

dynam9CS oi lhe surface states are 
山!owC『 ,nd show no si,c dependence. 
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RHORTS 

have sinlila: elecIfOIl·bir.di嘔 Iltotifs 90 Ihe 
lower•VBE iSOII!em o函,ved by Kim er al. 
fo, (H.,O), -with n $ II (I!l). By meosuring 
phol凶aaclullenl CfOSS•Section9 of the 両
isomers of (H,0),-. Boiley •no Johnson 
conchtdeo that rhn clcermn distribution for the 
lnwer-VRF. isomer i s 逝',Oi応ntl)'m函 dit比SC
(25). This conclusion is snppone<I by ah initio 
c.,iculariMs (23), predicting a hook-like sol• 
vcnr srmcnir, for rhe lower VOE isomer tor 
whioh 加 dimle m9、:nentnf.S.5 D is a枷11half 
:h,r of the (lｷl,0)6 <tntt,tre wi1h 1ho AA warぶ
mo!ocul<. The evolution of the i,omer Ill VD Es 
thu.ヽ su~~e.srs a mor,: ditfusc surfilcc-clectron 
boucd by a number of dangling ! l atoms. The 
、'Cり 1VC3k 31公 dcpcn出neeof thts 叩mじt ul匹

SU!l.gcsts that the collccnvc network proヽid心
linlc 双ab1l1?.anon because 1hc dee口on is d<ｷ 
locali四 o,•crmuch of,hc surface. 

Rcg血mg ,he mccはnism by which the 
dtffcnng tsomcrs arc fonne<l tho consiむrebly
hi釣erV8Es for isomer I indica:c t畑l i!i>血Ie
mores呻！cunion for"> 11. Huwovet', isomero 
ll and rn are favo心!by l叫leI soume ぬcking
pressure, which is gen<rnl!y aゞocia:a 、vith
伽rIUnじ oldcr und mor stable cluste:s. 19 
咄心！ゞ Il叫辿11m II a11d lll are metastable 
specie, whose formatiui: is e心anced under 
co!de: ex匹nsionconditions. l11ese results con 
be rationali公d.given r屈!W.1tcr-clusreranion., 
,re most likely fonnerl in tr.e pul奴打etby 1he 
:m:1chmen1 of rtlarively low-ener窃<lec:rons
'oneumlct1ぷer.<,which then continue to宮OW
a< the expanぷon pr喰eぶes．心the bac幻ng
pmsS1trc inc元1.ses, the ntutra! c!u双ers <hould 
he la,ger and c<>ld<r in tl:e だ邸onof cxpa',9IOr, 
wt:ere el心tron anachment occurs. Hence. 
under normal condtrions smnlar,o those us叫
by(..oc ei al. (4) (30 pst m our expじnmじnt). vヽc
砂砂e thm the electrons are attaching 10 
relatively、、•arm. liquid-like clus:ers, and forｭ
:her soivent molecules moy eonden心 onto,he
cltIStef ota anaclunent. Fun如m1orc, solven, 
reormngemem to form the lowest er.ergy anion 
config11rotion occurs reocl i ly加cause of :he 
high internal enerro• available in :he solven: 
?CRvo六． 0？the Other hand, formation oflargc 
anior.'‘‘ it h Ru点“elecrronsoccurs 
under mucr. colder conditions. where a sir.ill 
locaI reor四nir.,rion can hind the clccrron on 
tl:e sitrtace, hut th• overall low internal encr四
ir.hibits 1he I紅ge 叫vent reo攻animionneccsｭ
俎可 9,' formthe interr.ally solva訟Iclcorron. ln 
that sense, the binding process of the large 
clUS1Crs (n •ン 50) m3y 恥 viewcd as clして9roII
血chmcn9 90 a3 9Cc nanocm叫
rorsmallcrc?usks. wllCm l l 599 5 20, :he 

si四mon is Im clear. l--o ncutrdl （凡O）"
cl心tcr, witi: AA water mulceulcs have ueen 
ob心m•d CXがrimCIl(ully (2の． 9\.SSU!ning thaI 
il!c i氾mcr ll c畑，tcrunions invulve an •lectron 
binding to nn,\A、vater molecule. it oppc.,rs 
tlnt thcsespccicsconnot比fonna hy simply 
•,nnins an eleorron to a neutral cluster; a 
.substantial amount of solvent r.:arrangcmcm IS 
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邸1uircdeven for• surfacesは9C. Thc obぬ四•
tion of函mcrllcl,LSIm inthiSSIZCrangeonly 
for (D:0J,-a!!c9!S t0 9恥frng血y of thcsc 
函Incrs. Thcy arc m因！ I恥ly •巡xiatcd wiih 
如llow local minimu on 如°‘吋ull poIcmial 
ene屯y la叫scape011.i cxis: only bじ-uuscof the 
lower zero,poilll e芯tgiesald huu!t•Iing m1es 
as奴iated 、vi9hD,0 asCOIl,pa:ed90 E,o (27). 
These considerntio,is may explain wl!y. even 
fot !aｷgaｷ cluン1ers whe!e we see iSOIners l aud 
ll fot b09h isotopomeIS. iI iseasier 90 191ake 9(:ぐ
surface-hound isomer II for (D,O),.― clust硲．
Tr.e preference for isomer I in (H,O),. — 

呻159Crs“nrId 3lo に 3 manifcsta:iOR of the 
如れ:r srnhilir,• of the hydrorcd clcぐrron in 
liquid 11,0 than in D,O (28). 
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tion of the concept applied here allovヽs the pr,,diction oi a whole range of 
"n"""'complex liquid crystalline phases. 
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mixed,wh other poi)'gons m a nonpcnodtc 
arrangcmcm ll’cnrosc nhngs （う． 7) j or if they 
comam 3: IC359 へvo dIfthmnt angIC-s皿ti sid< 
I<叫抽s (8, 9). l'r.c lacer is cifficuh to rc,lizc 
on a mo!じcul89 scuk with,he rathcr s:mIIgly 
rscJ unglo aud di5tiI心O ilictaie｢ by cov:de』19

如,dirlg and C009'diaatior. ofStaneald chem 
ical l>uilding blocks. Hence. o,lly • nonplnnnr 
’‘‘.o-da砥1邸io叫 (2D)Iた9of炉ntago,shas been 
ra!江edwith a coord in•: ion polymer (10). We 
show 1hn1 the liquid crystalline stnte (I/). 
--ｷhich combines order •nd mobility. provides 
加 neccssan• degmc ofnexihiliw for the reｷ 
ali7.ation of'pentngonal honeycomb,. 
Liquid cry四！s (LCsJ •むJ<.r.own as maｭ

tcri•ls fer Out, low power-consuming displu)-s 
in computir.g皿d 9cl~omnlunica0りn devic心．
Thじ S•：Ir.りrgsni,atioll vヽ ithir:the liquid cryslalｭ
line pha:;cs is cirivcn by the mo!じculur shu区
Icudmら＇u l0咄·rJJ1gハ vricnはtional o心r．と1Idby
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Table 1. Pha只transitionttm,<ratur<> (T) of compounds 1 ond 2 (18) ond the vclu,re tractions ot polar 
side chair, (/,) aod ncnpcl.ar enc ~ヽ,1心(i.).AbbrevIations: C:. crystaIline”rd state Col"1が9m.square 
columnar,hase of t比pl.an,gro-,p p4gm: Co(,..!;がmm.square co!omnar ph,沢 oftほ西ne grcupp勺9m;
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乙 7 の 2号証

Observation  of Large 
Water-Cluster  Anions  with 

Surface-Bound Excess Electrons 
J. R. R. V,rlet,'A. t. B,●gヽ＇ A. K•mm, •th.' 
0. o99hnOV9り＇ D, M. N,um•が・，．
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.、8pecifically, there arc believed to be two  

loca!izalion  modes fo:ｷ an  excess vlccしron in :1 

ト＼a~tCl. cluster: an  ince直ly」 .so!vated  

clcct.ron, akin to the  bし1]k: Gnd an  electron 
ニ＝＝
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Pathｷintegral molecular dynamics 

simulations found that surface BtatP.$ arP. 

more scable ar siz賤ふ匹くl n -:32 moli,c:ules. 

whP.re.a.-; the. in tじ rr:al Rlp,:1 9'{l19 9̀ 

伽•II> 64 （；埜＇ム

ぃ如．scienct~•ダぇ SCltNC9 VOl 文1 7µm』A9

□
〉

内；こヽ＇i/-ヤろ余戻I．沌i T こ．：，＇． 2 -0(「）名な様mヽがわると

ー、9；よ．，＜タク浴炊手I~'·（可‘,;.ぅ：・クラ人ター．；、・・（．硝浜町L さ

、？）はクワ＿スタ、一己；表油： ·，国立→ろ市j・である (3)

中でも、 ’.w) クラスタ

考えられ，ーば、ろ

れた'i'tl_マ．もう

（中賂）
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