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Vuiow hrct, of dixtct kttict wcctor appwck uwciated with SCF fiF fmtl-arndamt field tiutmz-Fack) LCAD 

(liaaroom~nof~abiut)CO(ayrtrto~)hrvtbccaurdf-~*. lnonktorvoid cwAvcco~nAl 

time. acmkn~ vaknccckcrmn mahods”- I(t onat unpbycd. Amsm#thEm Iani-cmpirial wrtbod8. MwxP 

(mod&d 51DDO’6 (ncgkt of dia~omk difkcnt~ overlap)) is UK most recent dw+xnatutdbubtcomeoneanong 

the snort widely uxd fooh for stud* oqpnic mokmks. ClwtaY and poiymm. 

Ifcfc we intmduct l Ynodikd tsamalt of MtiW to yrcifulry aody moieculu cllstaa and CYysw. ‘1-k mokcuk 

chuvrirthr~~~ofmo~u~baundryrtm,ductoIn~intamokculum~. Thurilpobc 

of pat interest how physical pcoprrin of hydqcn.bondcd water duuas vary due to tk int-lecukr intnvlion u 

clunu ti ittuuw. Recently, Iincwchain water clustcr~ u model clustus hwc been. nub&t of (pat interest due to their 

rdevancx to xktion dectrochnnbuy. sotitonk mechanism for poton tnndcr b&na+a and atrnosphuk e&m&y 

involving ice. ‘rhw puUNlu systema of pIcEnt intl!rest UC the finite linurchdn watcz chlstcN of large lizc. (&o-). and 

the infinite linur-chpm ice wyrtJ. (1/o),. UUng a modified ttufmcnt 21JZ of Mh’W putadafy titai for hydrogar 

kmdcd linear-ch& water clwtm, we nprrt the cornput& nntht of the avuqg hw-bond en&a and the first 

ionization mqicr for watu clusters. in&ding the ekrtronic band stnxtuR: of the lkardain ia crystal. In ddition. we 

will ewnine the amvcrgna of the hydmp-bond cncqiu and the tint conimtiott cner$er to the predicted bulk limit of 

ictucIustcrtiinausa 



with 

(11.3) 

Hem D,, ia chc w density nuttix ckment for the one-dimauio~I cry& @. ., A, xnd Q UC the !tomic orbitd indicu. 

4. J. and I M the cd indims. C(k) is the expnnon oxffitit for ctptd orbit& V, is the Coubmb intcrwtion bet- 

dcctmns a xnd 6. 

Now writing 

the cxphon (11.2) is simply. 

(f/.4) 

(11.6) 

We now dwidc the m&x elements (11.6) of F into two acts. nxmdy intmmokadu and intcnnokculu cbment.t xttd 

intmduoe the SDDO rppmxinution ‘8. ‘nlu, we obtain for the intnmoMu mxtfix ckzaentr. 

which ttpmmts the m&x ckmcnc bmvccn the atomic orbit& p: md r: both belonging to the ume xtom a in the sxmc 

ccn 0. xnd 

(11.8) 

which rcpmcntr the m&x ckmmt bet- xn atomic orb&l rr: hcbn@tg to xn rtom a xnd ut orbitd r: abn& to x 

dilTcrent atom b in the ymc cell o. Now for the intwmokcubr matrix dancntr we obuin 

(11.9) 

rcpcrnting the matrix danat bztwccn an atomic orbitd p: belonging to UI atom a in the cdl o xnd m orbiut d bcbnging 

to . dd5zcnt rtom b in cdl q 



(if. IO) 

for the pairs of rtomx o and 6. LIeit r,, ir thr intcmtomic dixtuvc between o and 6. , and w UT the puam%rx t0bCChO+n 

by titting m~~tcmcnts (See rcI.21 for details). Z. and Z, LT~ the core charges of atom (I and b qxctivcly. (J..&F,) rbovc 

is the IWO-ekstron two wntn intq& involving the I atomic orbit& in the two diicrent atoms Q and b Despite the 

employment of the two xcts of psnm*m. it was cncoungiog to find*’ that the vxlur of the intramolcculu puamctm 

convcrgcd close to the oriylnll YS‘LX) puamctm t or the &tails of prramcrcriution for w~tcs. wc rcfcr the rcadcrx to rrf. 

21. it is of note that the AMI methoda of t)cwu and mworkm yickled a rru;onably good but nlrGely mall 

hydrogcn4xmd cncrgy -. 3.3 Kul;mok for WICI Jim. To the best of our knowkdgc. no funhcr application to the clur~en 

of I- ti hu rppu& Other MNW modifsation for watct WP) recently rcportcd by Rorstein and 1s~~~~ bul no 

ap~i~tion to the systcm~ of W&X clusters have rppcwuJ. 

Fintuy, the crystal orbital energy or the eoqy band c(k) is obt&cd* 

S(L) is the k.th block of the block diinalizd matrix for atomic omfip intqrd. ‘fhc ck.cfr~niC bud StNctUn Of i&de 

Imar-chain ice, (t/,0), will be rcponaf in the next section. 

111. Comp8ld Read1s 0r tiyd~cn&w!dul Wa1n clurtm urd la 

rig. 1 
Optimized gaometry far 1-D ice linear chain. H denote8 hydrogen 
and 0 denotes oxyqon. The circ&ed atom8 are at L = 0.58 h, others 
are at 2 l 0. 
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Ihtpcdiaal~hr;i~*offorrmtionforthew~terclwtm~frompoctionrofthehe~ial~fo~to 

aL,&=dyrsanrm withtbeIbinilioc&uiuionaofTomodrurdKimun. 2’. InIbcpmcntuudyWconckieebothtJR 

fmite ud inkite lineu-ehsin dus!.ere. Tbue, in o&r CO m&e dir@ mm&eon with the l&a&&n ifa crystal. we fii 

pay *Ueniioa to linarshain Wer durtm &own in Fii 1. The hydrogen (U-H-&) txmd kogth is 288 A, tbo 

O---O--O bond M#. 88’ and Use If - 0 - tl bond m&e, IOS& the 0 - II bond length is 0.95 A. 

AS shown in Fig. 2. the furt ionizetion enagy is pm&cd to deaar aa &Ma size n inercucr. Puf7herpnnot.eti 

that eti the propensity of line&y betwam the ion&t& eftugy e urd i/n. Ihe numkxl vvsulu for the fti ioniz&on 

encr@ fr) uc wdl m-ted by the uulytic crpruion L - 0.879 tV (l/n) + 11.69 eV. In the iuge ti limit the 

ia~~naKzOyconvrrOnto~nlueol11.?eV. ~irucid~rilycbrtotheobnvady~26(,~lrFunaionof 

* 11.0 cv) of bulk ia. The pfcdictd fti iotition enugkx of the fmiie linavchein durtcn (//,a). UC gcncz& w 

thur tho& of non-lineu clusters. u expected. t’urlhu the ionization magy (or work fun&on) of the in&Cc timu-duin 

clurtn, C&Q)_. h found to be grutee than obeuvetion. ThL rrluc L capeeM to bc sm&er wha the compkte dimen. 

llionrlity of ioe. namely the Quudimauio~I ice is fulty t&n into ycount. This h kuuee the &ditiotul dimensions en- 

hura the dispemion of elatmn Joud in dl diinr and lhw the Rduction of dectmn bindmg enagy. i.e.. lhe rust 

ionization energy. 

-t. 
0.0 0.5 I .o 

l/n 

Fig. 2 
Ftrct ionisatlon energy a8 a 
function of the inverse of 
critical 15ft*, i.e., l/n. 

n 

Fi9. 3 
Binding energy pa bond vs. 
cluster size n for finite chain 
regwnte (01, and for the infinite 
t-D crystal t-m-). 

In Fig. 5 we show variation of the hydrogcnabond energy, 8,. (bindiig energy / bond) u I function of duster pizc. 

Also shown is the hydrogen bond mugs for the cue of the infinite 1.D k &in. At the Luge size limit. the hydrogen bond 

energy for the finite dwtm mdw a v&c of 6.65 Kc&mol. which b witi I % of Ihe infiitc cryetcll result of 6 59 

Keailmol. ‘1% shows cxodknt convgplrc fo the bulk v&e u the duster rizf R inauses. tGn&Jy in Fig. 4 we introdua! 

the bend stmetun: of the Lieu-ckn ia ayti (H&I)_. WcuMiom performed with one end two neuwt nei&hbor l p 

pmxiIWioN yielded ruukr with insiwvlnt dii. The pfcd&!d bind $ap is 5 15.9 ev. The optimimd geometry 

of 0 - fI.--0 bond tcn@h is found to be 2 88 A for Ux lincu ciys14. J’mktcd vaknw band Gddrr UC -w ld cxpCac%i. 
Ihc pmJictml band gap ti in qtibtive agreemm t with the urtiec CNLX);I ukuMon, of LuIik27, in that both c&u- 

Mona rhow the 1.0 kx ayltal m be en insuttor. llowem the Ch’DOf2 ulculationr yielded 1 much gfutci v&e of 20.4 

cV for the hmt pp 
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Energy band structure for our linear-chain ice crystal. 

‘Ibcrc has been a grc& intawt in both the hnitc and infiitc linur-duin wrtu ~Iu.stcrs~~~‘* In the the prwent study 

WC hwc rystcmatially examinai the tiwt ionization energ& and a- hydrogcn.bond en&a of the hnur water clusters 

0s a functnm of cluster size ‘Ihc ml&t fcafurea found fmm Ihit study arc * daaclue of the fti iowtion cncqy with 

cluster sve n obeying clonly a linur ivlationship with I/n ‘Iht prcdihcd band gap of Ihe Linus-chain ice was laqz with 

IS 9 cV. IXr lo the cawomy of eomputrtional time with the modifsd MNDO teatmcnt pwwnicd here, it will be of great 

intcrcrt to cxaminc the WNcr clustcn of lqu ti and the thrccJimcmional ia aydrl in or&r lo rulisti4y undcrsltmd 

the bulk datronic propcrricl of hydro(pn.bondcd water syncms. 
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