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’ 9267k Divalent polyatomic ions in the mass spectra of silicon
-] by high-frequency sparks. Vidal, Georges (Off. Natl. Etud. |
Rech. -Aerosp., Chatillon-sous-Bagneux, Fr.). Int. J. Mass i
Spectrom. Ion Phys. 1972, 10(2), 204-6 (Fr)." Mass spectra of !
highly pure Si samples showed 4 unexpected lines at at. masses =

. of 42.5, §6.5, 57.5, and 84.5. They correspond to WH/4BG 2
| BTG 2+ WHB44UG] 2+ and BHIIBIBIBINGj 2+ rosp '
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¥J14 B22. Pacuer aneKTpOHHOTO CTpPOeHHs1 BAKAHCHH H

) XeMHCOPOLHOHHOM CBSI3H HA NOBEPXHOCTH Si(111) xnacrep-.
/}_-/3 /6' /y HLIM MeTOlOM Xo-AHCKpeTHoro BapbHposamwds. Tsukada
/ ] Masaru Hoshino Toshiharu. Electronic structu-

re of vacancy and chemisorptive bond on Si(I11) surface

by the DV—X. cluster calculation. <«Int. J. Quantum..

Chem.», 1981, Quantum. Chem. .Symp. Ne 15, 445—455 .

(anra.) :
acem MetonoM Xq-IHCKDETHOrO  BapbHPOBAHHA  TIPOBEAEHSI
: pacueTHl KJacTepos, MOJLenHpyioulie ‘(1i11) -nOBEPXHOCTD

KpeMuusi, coxepxawmne 13, 16 ¥ 19 aromos Si. I'panuust
KJaoTepa HacHILalHiCh aTOMaMH BOJAOpOAa. IToka3aHo, 4TO
kaacTep Sij3 BOCUPOH3BOAHT OCHOBHbIE ~XapAKTEPHCTHK
¢:0T03.1eKTPOHHBEIX CNEKTPOB (111)-noBepXHOCTH KPEMHHSA.
O6Cy:KAHO - 3JICKTPOHHOE CTPOCHHE BaKaHCHIT H BJHSHHE
HCKayKeHHsI TCOMETPHH KJacTepoB Ha INUIOTHOCTb COCTOS-
ynit. TIoKa3aHo, uTO TIOBEPXH. BAKAHCHH HEOOXONHME ISt
TOro, UTOGH MOJYYHTb 3JIEKTPOHHOE CTPOCHHE, XOPOLIO CO-

X958, 79, 7Y



raacyiouteecsi ¢ HaGmofaeMBIM METOLOM ($OTO31eKTPOHHOIT *
cnexTpockonui. PaccMorpena ancop6unst atomos H, Cl n
Ag Ha (111)-noBEPXHOCTH KPOMHHS. OcHoBHBasgch Ha pac-
yerax cuctemsl SijaHs+Agy coenaH BBIGOA, YTO ATOMBI,

cepe6pa JIOKaJH3OBAHE 112 ATOMaX KPeMHHT, a He MEHIy
HHMH, - H.. Cenuenst
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3B51027. Pacyer 3JICKTPOHHON CTPYKTYpbl H TMJOTHO-
CTH COCTOSIHHIT MJEaJbHBLIX M Pa3ynopsilo¥eHHBIX Kaacre-
pos kpemuusi. Tpexos A. M, Tyubxo B.M, Kanan-
yenxko I M, Ilamenko I0. TI. «Teop. u 3KcmepHM.
xuMHsi>, 1984, 20, Ne 4, 477—488 (pyc.)

B paMKax KJacCTepHOro NDHOMMMeHHs H METOl0B
MIIAry/2, Yrnar s MUIIAI/3  u3yuena = 3/neKTpOHHASA
CTPYKTypa H TJIOTHOCTH COCTOZHHIl KsiacTepoB Sis M
SisH;s, MomeaupymooWHuxX ¢GparMeHTRl .peanbHOil CTPYKTYPH
TOBEMHOTO KPeMHHsS, a Takxke 0OCYXKJeHbl H3MEHEHHS B
3/1eKTPOHHOI CTPYKTYPe KDEMHHS NDH TOMOJOrHY, pasymo-

| Qv @
1 1985, 8 v3.



PSALOYCHHOCTH PELICTKH. INoxa3aHo, yTo HacblllenHe rpa-
HHL KAacTepa aTOMaMi BOAOPOAA yMeHbLIacT HEOAHOPOA-
HOCTb B pacnpefeleHHH 5JeKTPOHHOIl TJIOTHOCTH H HAChl-
|ajoulde aTOMbl BOAOpOAA  MOXKHO CYyHTaTh aHaJIOroM
BHELIHEro Mo OTHOLIEHHIO K OCTOBY aTOMOB Si camocoraa-
copannoro IIT, MMHTHpYlOUlero KpHCT. oxkpyxenne. Han-
GoJee UYBCTBHTEJIBHHIM K- TOJIOIKCIHHIO rpaHHyHbIX aTO-
sos H oxkasbiBaeTcst CpeAnHii MHK «BaJIGHTHON 30HBIY,
K-pHlil cMel(aercs Ha 5 5B, a HauMeHee YYBCTBHTE/bHbI-
MH — MHK <«BaJIeHTHOi 30HBI» B oGnacty —28 3B u AHO
«30Hbl TIPOBOMHMOCTH>. C ypeauuenHeM  JJHHEL CBA3K
Si—H mupuHa «3anpeleH ol - 30Hbl> yMEHbUIACTCH. Bcee
HCIIOJIb30BaHNble METOAb AaloT nopaAoK ypoBHeil «BaseHT-
HOfi 30HbI», COrJacyiouuiics ¢ AaHHBIMH HeaMnupHy. pac-
yeroB. IlokasaHo, uTO OCHOBHOE H3MeHeHHe  LIHPHHBI
«3anpeLieHHoil 30HbI» NpPH pasynopﬂnoqeium 06yCJIOBJIEHO
cMelleniHeM JAHA «30HB NPOBOAHMOCTHX. U. H. Cenuenst
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1 51054. Kaacrepuble pacuerbl AAsi OUEHKH 3apaaoBo-
ro pacnpenenehus u ru6puausaunn B kaacrepax Si Clus-
ter calculations for the investigation of charge distribu-
tion and hybridization in Si clusters. Weinert C. M.
«Surface Sci.», 1985, 156, Ne 2: Small Part. and Inorg.
Clusters. Proc. 3rd Int. Meet., Berlin (West), 9—13 Ju-
ly, 1984. Pt 2, 641—648 (aur.) :

Metonom IIIJIT  npoBemensl pacuethl  cHcTeM Sin
(n=2, 3, 5, 17 .1 29). B Kau-Be Mepbl THOpPHAH3AUHH
atoma Si ucnosb3oBana BeanunHa f=2,Pu/EyPyw, rIe
uHAeKc | mpoGeraeT mo Bcem p-AO aroma, a ‘v — 1o BeeM
s-AO Toro e atoma. PaccMotpeno m3menenue f ¢ poc-
ToM n (AaA H30MHpOBaHHOro atoMa f=1, B o6beMHoM Si
f=3). ComocraB/eHHe 3JEKTPOHHOTO pacnpeie/ieHHs, Be-
JMUHHB [ M 3Hepruil B pacyere Ha 1 cBA3b A KJacTe-
poB H o6bemHOro Si Mokasano, UTO NMOBEPXH. IPPeKTH B
Si oueHbp BeJHKH M JOMHHHDYIOT Hal OOBEMHOIl YacTbio,
Haiigeno, uTO KJaacTepbl MOXHO CTaGHJH3HPOBAaTb, €CaH
HONMYCTHTb PEJAKCAlHIO MOBepXH. YacTH, MHHHMH3HDYS
noJHyl0 3HEprHio. B Kau-Be Ap. CXeMB MOCTpoeHHs GOJb-
WHX KJAacTepoB YKa3aHO MOCTPOEHHE HX- He H3 aTOMOB, a
M3 TETPAa3’ADHY. fueeK. . ‘M. B. Kysbmuuckuit
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Six -3 ;@Z{ 755

x 2 /[/ 103: 112766f Mass spectra of silicon, germanium, and tin
= clusters. Martin, T. P.; Schaber, H. (Max Planck Inst. Festkoer=
perforsch., 7000 Stuttgart, 80 Fed. Rep. Ger.). J. Chem. Phys. 1985,

83(2), 855-8 (Eng). élusters of Group 1V B elements were produced

and obsd. in a mass spectrometer. Irregularities in the jon intensities

identify clusters with particularly high or low stability. For example,

Six*, Ges*, and Sn;* show an enhanced stability for x = 6, 10.

M MWA/, However, Snis* is unstable, whereas Ges* is particularly stable.
ALl ee . |
A T
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13 B1020. CTpyKTypa M XMMHuecKkasi CBSI3b B MajbiX
knactepax kpemunsi. Structure and bonding in small si-
licon clusters. Raghavachari Krishnan, Logovin-

jl/) /ﬁ ——og 6) )ql\y Veronika. «Phys. Rev. Lett.», 1985, 55, Ne 26, 2853 —

(’/n/l//mﬁa

2856 (amra.), :
Hesmnupuueckum Merojom  CCIT MO B Gasuce 6—
31T'®* npoBemeHbl pacyeThl 3J1eK1'p01moro u reomeTpnq.
CTpoeHHsl HefTpasbHBIX Si n=2—7, 10) HOHHBIX
Sipt+ (n=2—6) knactepoB. JHepruH Kxaac YTOYHEHBI
CY4eTOM—OACKTPONHOI—KOPPENALHH N0 TEOPHH BO3Mylle-

s Méanepa—Ilneccera 4-ro nopsaaka. Haiinenusie reo--
METPHY. X-KH HEHTpP. KJIacTepOB CYLICCTBEHHO OTJIHYAOTCS

‘OT TeOMETpPHH MHKPOK[)HCTZN]JIOB KpPCMHHS. Paccmnamme
IlT HonH3auuu H SHEPrHH CBSI3H HCIIOJbL30BAHBLI AJs HHTEp-
NpeTauHH  pacnpeneseHHsi H q)pamemaumi MaJiblxX . KJa-

N TepHbLIX HOHOB Ki)eMan__ k. .. WM. H.-Cenuenst

W
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Raghave chard, Krishran;  Lozovinsky, \mm LR G LU £ R
‘Murray 1D, NS 079748 USAY. Jhoys leee Lett, o ST R LR
(Eng).  Accarate ab-initi, MO c‘-h:n.\ wery e to obtain he
ground-siate peometries and electronic contigs L  the stbion

clusters Sis tor 0= 2-4, 10, and Sia* for n =~ ceffents
polarization functions and electron correlaticn were lm. wled inoe
calens. all the optimized structures were conztierahlyv raconstre
from thos~ derived from m L

polcm.u.s R 2§ binding energivs w.ore ulul gt el ¢
7 obsd. (L. /v Bloomfield, et al,, 1930) distribitivn utidi frognae
of smal: silicen clusu :r fons.
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© *103: 129293x - Cluster calculations for the investigation of

charge distribution and hybridization in silicon clusters.
Weinert, C..M. (Inst. Theor. Festkoerperphys., Freie Univ. Berlin,
D-1000 Berlin, 33 Fed. Rep. Ger.). Surf. Sci. 1985, 156(2), 641-8
(Eng). Cluster calcns. using the semiempirical CNDO scheme were

. performed for cluaters of 2, 3, 5, 17 and 29 Si atoms. The electronic
* distribution in the cluster, the hybridization and the bond charges

were investigated and compared to cryst. bulk material. The large
suface effects prevent amall Si clusters to have bulk properties.
Surface reconstruction of the clusters can increase central hygri ization
and binding energy Jwer' bgnd.- Possible schemes for constructing
erived. . - :

i
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104: 1561935 Silicon and germanium clusters. A theoretje,
s'l'udy of their electronic structures and properties. Pacchic.
Giunfranco; Koutecky, Jaroslav  (Inst. Phys. Chem., Freie U::'
Berlin, 1000 Berlin, 33'Fed. Rep. Ger.). J. Chem. Phys. 1986, 647
3301-10 (Eng). Si and Ge clusters contg. 3~7 atoms were styg:
with the pseudopotential MO-LCAQ method fullowed by“a
procedure. These clusters have very similar electronic structures g

wonsequently analogous physicochem. properties but differ substantially
from small C clusters. " Linear structures are clearly less favorable
than more compact structures. On the other hand, some planar
reometries possess considerable stability. The Si and Ge clusters
vhich are sections of the dinmond-tyge crystal lattice are less stable
than clusters which can be considered as segments of closed-packed
'tttices or as steps in pentagonal crystal growth. The reason is that
the majority of atoms in small clusters are surface atoms which
cannot assume the tetrahedral coordination characteristic of Si and
Ge bulk atoms. The appearance of typical bulk properties is
expected only for very large Si and Ge clusters with small surface
toms/bulk atoms ratio.

C.A. 1956, 109 n /5. b
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U105 1211750 LCAO=Xa-force study on ‘stable structures of

sfilicen Sis and Siw_clusters.  Saito, Susumu; Ohnishi, Shuhei;

Fatoko, Chikatoshi;: Sugano, Satoru  (Fund. Res. Lab., NEC Corp.,

Ranagawa, Japan 213).- oJ, Phys. Soc. Jpn. 1986, 55(6), 1791-4

{Eng), Stable structures of the Sis and the Siin microclusters were

— aled, by using the LCAO-Xa~force method. The caled. structures

dW of the Si; and the.Sig clusters resemble a regular octahedron and a

/‘ ﬁ tetrahedron, resp.  In.both- clusters, triangles, consisting of the
(iil-surface 2toms of cryst. silicon, contract by 20% ‘in length

% compared to those of ihe crystal. This contraction was attributed to
W W ‘he interaction between dangling bonds, and is important for silicon

microclusters of any size, - " @

(%ﬂ/o. @
¢. [ /956,105 4/
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7110: 13821h* Fragmentation of silicon microclusters.” Feuston,
B. P.; Kalia, R: K.;: Vashishta, P.: (Argonne Natl. Lab., Argonne; IL
60439 USA). NATO ASI Ser., Ser. B 1987, 168(Phys. Chem. Small
Clusters), 283-8 (Enﬁ).j- A dotailed study of Sia (n = 2-14) clusters
has been perforried through mol. dynamics (MD) simulation and the
method of steepest descent quench (SDQ) with the Stillinger-Weber
three~body potential. ‘_The,nﬁpronch is .intrinsically ‘a_finite-temp.
method .which investigates: all - underlying - mech. 'stable structurea
visited by the system in the equil. state.:” Results indicate that.the
magic nos., relatively stable clusters Sin(n = 4,6,10), are detd. by the
topol. and energetics of high energy bound structures rather than the
structure and ground. state energies at zero terp, & cL o CUh L

e.h- 1989 110, n%
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// = pg _L/é/ A 1204610 Fragmentation of silicon microclusters: a mos
t -

ar-dynamics atudy. Feuston, B. P.:. Kalin, R. K.; Vashishta,

Jep. Fliya, Uniy. Cincinnati, Cincinnati, OH 45221 USA). Phya,
B Cohdens:

s Matter 1987, 35(12), 6222-39 ' (Eng). A detailed
=dynarnics study wan' perfortned to (i) cuumerate ground-state
finits-temp. astructures, and (i) investigete tho nature of
smentation for Sin clusters (N = 2-14), by using the Stillinger~-Weber
te-bady” internction potential.: - Al underlying mech, stable
faetures, vigisted by the system in’

f:

5 %& the equil. state, were studied,
(megy- o]

o

i te-temp, clusters Siy,
o nl e e’ detd. by the photofragrentation expt., of L. A.
weenafield, et al., (1985), ia dependent upon'the topol. and energetica
{high-energy hound structures, rather than upon the structure and
wnd-state encrgies ab zero temp. - - R g N

i3 precence’ of megic noa. unusually stable fing
1
d
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[ 107: 141539x Structure and bonding of sninll semiconductor
clusters,  Tomanek, D.; Schluter, M. A, (Dep. Phys., Univ.
California, Berkeley, CA 94720 USA). Phys. Rev. B: Condens.
Matter 1987, 36(2), 1208-17 (Eng). The geometrical and electron
structure of small Sin, Sin*, and Si.- clusters was caled, upton =14
within a combined tight-binding-d.~functional-theory rcheme, 1 s
stablo itructures for no= 6 and 10 colneide with obsd, nbundancos in
the exptl, mas spectra, Al equil, struclipes nea close packed, with o
different bonding than in the bulk fragments, A transition {n
bulklike open structures occurs at n ~ 102-10%, < il

-
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103: 1353465 Transition from ractallic to covaleat stiuctures
i silicon clusters, helikowsky, James R. (Dep. Chem. Eay,
Mater. Sci., Univ. Minnesota, Minneaplis, MN 55455 USA). Phys.
Rev, Lett, 1988, 60(25), 2669-72 {EEnz). The structural preperties
< i clusters are examd. to det. at what size clusters with
cevalentlike opea structures becorse encrgetically more stable than
2052 with mesaliivke close-packed structures. By celen. of the
i enerzy of diemond and face-centered cubic frazinents as a

; 5 function of the no. of atoms, an est. of the "crit." cluster size is made.
Wﬂ .The est.. is that for clusters of leas than about 59 atoms, metallic
structures are favored: oversgovalent structures, with the inequality

a 7 m zeversed for more than 50 atoms. This result agrees weil with recent

ooservations on the relative stability of Si+.

Cmaliiien -

O 1988, 009 N /6.
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109: 176649b Calculation of the encrgy spectrum of a polyatomic
silicon cluster containing transifion clement s

scattered waves Xa method. (-\Nm, L. L bmol‘skii, V. P
Tralie, L ¥, (U3SR). Klzstery v (az. Faze, Novosibirsi: 1087,

168-71 (Russ). From Rzf. /Ix, Xhim. 1988, Abstr. No. 813104,
Title only translated.

atenss by the
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109: 197576r Colhiston-1nauced’ dissoctation of “silleon”cluster
jons. " Jarrold, Martin ¥.; ‘Bower, J. Iiric - (AT and 'T''Bell Lab.,
Murray Hill, Nd 07974 USA). - J. Phys. Chem. 1983, - 62(20), 5702-5
(Eng).” 'The results of a study of the collision-induced dissocn. of
Sia* (n = 6-26), by Ar at a collizion energy of 5 eV -are described.,
The dominant products are Sist or Siv* for smaller clusters (n' < 15)
and arise from- loss of seven or ten atoms from the larger clusters.
The obsd. products are virtually identical with these found-in recent
photodissocn.’ expls.,, -which -indicuates that dissocn. occura. on the
1 sround-state potential surface in the photodiseoen. sludics. - From an
; ,yanal, of the product distributions, ions (Sis*) with 1 = v, 7, 10, nnd
uﬁe&gl[z&) 11 and neutrals (Sim) with 1 = G, 7, and 10 are ideatified as favored
y products.-. The ccllision--in(lucui dissocn: probabilities show: local
min. at n = 11, 15,-19, and 23, suggesting that these clusters are
particularly stable toward disscen. These clusters appear particularly,
stahle mainly because’ they cunnot fragment into a combination-(n +!
‘m) of favored products with'the ion 7 = 6, 7, 10, or 11 and neutral m
=6 7,0r10. " . M T S e e

A 1988, (08 w il
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110: 121769f Structure and properties of small silicon and

luminum clusters. -Jug, Karl; Schluff, Hans Peter; Kupka, Hans;
’Ilﬂ'ert, Ruediger, (Theor, Chem., Univ. Hunnover, 3000 Hannover,
Fed. Rep. Ger.)., . Comput, Chem. 1988, 9(8), 803-9 (Iin ).
Small Sin and Als clusters (n = 3-10) were studied with t?'m
semlempirical MO method (MO) mothod SINDOL, - For each n,
various structures were optimized to det. the most stable structure.
To obtain good qual. agreement with available ab_initio calens, d
orbitals had ta be omitted from the basis set. Both Si and Al tend to
build three-dimensional structures rather than two- or one-dimensiona]
structures, except for n = 3 or 4, The structure growth was studied
by approaching various sites of stable structures with one or more
atoms. Si and Al exhibit different structure growth, and consequently,
different most-stable structures. lonization potentials, HOMO-LUMO.
energy differences, binding energies per atom, and av. at, valencies
aro presented. S ‘

=, A @ 30</0
C.hH- 1959, 110,714
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L/) 108:197615¢ Bonding dnd stabilitics of ‘small’ silicon clusters::
a theovetieal study of Si7~Sijo. Ravhavachari, Krishnan: - McMichael”
Roblfinz, Celeate © (AT and T -Bell Lab., Murray Hill, NJ 07974
= i £ "USA). L Cheom., Phys, = 1988, 8§9(4)) 2219-34 “(Fng),* Ab initio
;\ /] o /0 . talens bave -been performed o study the structures andienergies: of
interniediati-sized .St clusters (Sin, ‘1= 7-10).  All geoméetrics have
s been ‘optimized at the (Harteee=Fock' (HF) level of .theory with' the’
wlarized :6-31G* -basis set. * The harmonic vibrational frequencies
have been'eveluated. at the HF/6-31G*. level ‘of theory. :Electron:
correiation: effects - have been included by means, of fourth order
Maellar-Plesset perfurbation theory. - The most stable structure for'
Sz is a'nentagonal bipyramid and the lowest energy caled, structures:
for Bis~Siio correspond to capped octahedral or prismatic geometrical
/ﬂw /] 3 errangements.  The':evolution of the cluster igeometries with
increasing size is discussed. . Clusters-contjr. 4,.6,7,-and .10 ‘atoms
[ZW/? have Leen identified as "magic nes.” for.small Si-clusters, both theor.:
§ / end exptl; ‘The-hybridization- and bonding: in small Si:clustors:is
discussed. The results are used to interpret the recent photoelectron
apectra of neg. Si cluster ions.’ R e T e el et

C-A./988, [0G, v XA
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N 111: 240268 Chemical veaetivity nnd covalont-meintlic honding
o - of silicon ion(l14-) (Sin* (n = 11-25)) clusters. Cl.eli!»:rmsl:y,[
”- p James R.;  Phillips, J. C. (Minnesota Su

percomput. Inst., Univ,:
finnesota, Minncapolis, MN 55455 USA). Phys. Rev. Lete. 1589,
63(15), 1653-6  (Ling). Using our carlier thermodn. force field we'
have caled. the cquil. structures of nediwn-size Siu clusters (n =
11-25). We find the very surprising result that bezinning at n = 7.
near n = 13 and near n = 19, these clusters follow a pentagonal
! growth pattern (icosahedra plus assocd. fuce capping). Our results
are fully consistent with magic nos. recently found in the reaction:
[’mfmﬁ rutes for addn. of first CoHu mols. to Si* clusters. ) )
) v
//[l%(m

cA-1989, 11/, vaé6
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P 1i: 210188w Geometries and stabititi
Fupka, H Jug, Ko (Univ, Hacnover, | ) 1l\mmvv 1' d lc«)
Cer). 7. }”n. n: ."u Clusters L,
‘The relative stabititics (fm sht atom Si¢ qu. s were caled wuH e
sericnapirical MO method SINDOL - With the sid of tie poup.
thivor. coneept of vernels and epikernels, stationmy points of Dz, Coy
end Caosvinmetry on the potential coeryy surtince near thie unst .-»L,.
cube were found.  Part from these staiio peints which adept
epikernel symmetries, a Dy stationary psint not derivable from
group H.mrv is possible in config umt]u 1 apace. T'he cubic arcay with,
eiizht equiv. with eight aloms can be classified as a dicadical. .

.

of silicon (Si) elustar
: .

|
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/989

i-/3 147. TeomeTpHs M CTaGHAbHOCTL KaacTepoB  Sig.
“Geometries and stabilities of iSig clusters / Kupka H.,
Jug K. /| Z. Phys. D.— 1989.— 13, Ne 4— C. 30l1—
306.— Awura. '

C mucnosb3oBanHeM mnonaysMnepud. Meroga SINDO 1 u
C TNpHMEHEHHeM - TCOPeTHKO-rpynnosoro noaxoxaa (TITI)
H3ydeHH mnoBepxHocTH noreHu. suepruu (IMId) naa pas-
JIHYHHX KOH(OpMepoB KjacTepa- Sig. = Jlas  noayveHHBIX
MI13 wuccaenoBann craunHoHapHueé ToukH (CT), B ToM
yicne CT ans nepexoAHHX ~ cocrosuuit. Haigeno, uto

crpyktypa (8, 18, 12), coorBercrByomas HanGoJee CHM-

MeTpHuHOMY rpady, fBASieTCA 3SHEpPreTHYecKH HauGonee
BHrOAHONT H OTBeyaeT JeOPMHPOBAHHOMY . NOXEKasApy
cummerpu C,. Otmeueno, uto TITI me nossoasier ompe-
neantb Bce umelomuecs CT, nanp. He onpenmensercs CT
cummeTpHH Dy YKasano, uto KyGuy. Knacrep Sig sBas-
eTcsi HecTaGMJBHBIM M BelleT cebs, Kak JupagHKad.

— L . . A H. K/
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110: 111868r Potential medel for silicon clusters. Mistriotis, A.

. Flytzanis, N; Farantos, S. C. ~(Dep. Phys,, Univ. Crete,’

/l)é. Heraklio, Greece GR=711 10). Phys. Rev. B: Condens. Matter 1989,
39(2), 1212-18 (Eng). An interat. potential for Si is proposed, which

is a significant improvement over the Stillinger-Weber model. This

otential is valid for clusters with more than six atoms, where =

onding is not significant because of the large degree of coordination.

Guided by ab initio electronic calens., the authors introduced

four-body interactions to the potential, which were essential to give

~ good agrecment with the m.p. of the crystal and the geometries and
W A the energies of the ground and low metastable states of silicon
glusters.

7H]

D
C.A.1989, [/, & (6
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/990

" 115:57438w Electronic and structura! properties of silicoz 10
cluster. Rantala, T. T.; Jelski, D. A.; George, T. F. (Dep. Chera.,
State Univ. New York, Buifalo, NY USA). Report 1990, UBCF=
FALO/DC/30/TR~12; Order No. AD-A222429, 26 pp. (Eng).
Avail, Ak'le_ From Gov. Rep. Announce. Index (U, S.y 1999, 90(19),
Abstr. No. G4£7,491. Possible structures fc= Siip cluster are considered
using a tight—binding model and drawing on significant work doae in
the past.  The tight-bindirg parametrization, fitted to.the biik, is
also vaid for smaller systems. This model is found to €essentially
reproduce other published resnlts, but requires much less affort thau
ab initio teckaiques, thus allcwing the study of a wide veriety of
ptructures ar-d their ions. However, unl'ke classical force field
calcns., it yields information about the electzonic strucinre of
clusters. A z=ew geometric structure for Sii is found. which 3 net
only of lowest enerzy, but which also meaiches the exptl. photeelsctron
band gzp axd explains the exptl. resctivity data.” Rectuse of the
vahn-Teiler effect, the photcelecrro.. spectrum is very e
xeometry. Also, ionization of the clucter e'ters the gecmietr; cliaiye e
4




4 /990

,g_}_ /O 113: 46751a A theoretical study of small silicon clusters using
ﬁ" ). n effective core potential. Rohlfing, Celeste McMichael;:
Raghavachari, Krishnan (Theor. Div., Sandia Natl. Lab., Livermore,|
CA 94551-0969 USA). Chem. Phys. Lett. 1990, 167(6), 559-65
(Eng). The structures and energies of small Si clusters are
investigated using an effective core potential (ECP), a double~zeta
polarized basis set, and fourth-order Moeller-Plesset perturbation
~theory. Excellent agreement is obtained with the results of recent
ﬁ W &/ all-electron calcns. for Siz-Siio. The ECP is used to examine Siy,

which has not heen previouslﬁ characterized. The lowest-energy
%M/ structure of Sin is found to be a distorted pentacapped trigunal
MJWM prism, which offers further growth possibilities. )

i

ey |
eA 1990, 13, b ®
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( 116: 28499g Silicon cluster ions: evidence for a structural

transition. Jarrold, Martin F.; Constant, Vladimir A. (AT and T
Bell Lab., Murray Hill, NJ 07974 USA). . Phys. Rev. Lett. 1991,
67(21), 2994-7 (Eng). The mobilities of sile-selected gilicon cluster
jons in helium have been measured -using injected-ion drift-tube
techniques. A major structural transition occurs for clusters with
~27 atoms. Clusters with up to ~27 atoms' a;;gear to follow a
prolate growth sequence, resulting in geometries with an aspect ratio
estd. to be ~3. Larger clusters- appear to have more spherical
shapes. For annealed clusters this structural transition occurs over g -

L)ﬂ{/W% W narrow slize range. . .

o /) 1692 W6 WY
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118: 220126r Structure of the silicon (Siws) cluster. Jelski, D.
A.; Swift, B. L.; Rantala, T. T.; Xia, X.; George, T. F. (D;?.
Chena.,, Washington State Univ., Pullman, WA USA). Report 1991,
WSU-DC/91/TR-61; Order No. AD-A240278, 32 pp. (Eng). Avail
NTIS. From Gou. Rep. Announce. Index (U. S.) 1992,.92(1); Abstr.
No. 200,379. There has been muck interest in the Si cluster, both
rom an exptl. and theor. point of view. TLe original impetus td this
effort was the astounding exptl results compiled by Elkind et al,
which reported a reactivity difference between various Si clusters
spannirg two orders of magnitude. Silicon ions were found to be
unreactive with ammonia and methanol. This implied a periodicity
of six atoms in the reactivity pattern for clusters ranging form 30 to
45 atoms. For clusters larger than 45 atoms the reactivity appesred
to monotonicslly increase. J. C. Phillips suggested that Si forms
six-membered rings in a carbon-like fashion and proposed a
structure of stackeq ring with a three-atom cap. We:took' this
suggestion literally, and in what we believe to be the first calcn.
which tried to explain this data, proposed a series of stacked benzene
rings'and ¥ttapted to show that this accounted for the expt.

C. 4. 1963, 1§ 32
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117: 34022h Structure of the silicon forty-five-atom cluster.

Jelski, Daniel A.; Swift; Brian L.; Rantala, Tapio T.; Xia, Xinfu;

George, Thomas F. (Coll. Fredonia, State Univ. New York, Fredonia,

NY 14063 USA). J. Chem. Phys. 1991, 95(11), 8552-60 (Eng).’

Six structures for the Sies cluster are compared using a tight-binding

model. Two new structures are proposed which appear to be the

low-energy isomers and to explain much of the existing exptl. data.

Cluster reactivity is distinguished from cluster stability, and several

[‘/n/ 4//71 Q reasons are discussed which may lead to a reactive or unreactive
/'/ v, / species. ‘These criteria are applied to the Sis isomers, and the:
results are also correlated with exptl. data. :

sl v 5w
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' 115: 79253j Electronic structures of the negative silicon cluster
ions (Si;-Siio"): electron aifinities of small silicon clusters.

.Raghavachari, Krishnan; Rchlfing, Celeste McMichael (AT and T

Bell Lab., Murray Hill, NJ 07974 USA). J.-Chem. Phys. 1991,
94(5), 3670-8 (Eng). Accurate ab—initio calcns. have been performed
to investigate the structures and energies of the neg. ions of SizSiio."
The effects of polarization functions, diffuse functions, and electron
correlation have been included in these calcns. In most cases, there

is a good correspondence between the ground-state structures of the,
neg. ions and those of the corresponding neutral species. Adiabatic

electron affinities are computed and compared with recent exptl.!
measurements.  Sis, Sis, Sis, and Sip are found to have electron.
affinities which are ‘larger than their neighbors. This result is
interpreted using our previous calens. (C. M. R. and K. R., 1990) on

_the low-lying states of the corresponding neutral species.

vy @
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" 116: 91876t Stable and inctnétab_h_.- states of t1¢ silicon pentaas

tomic mononecgative ion. Theoretical study. Adamowicz, Ludwik
(Dep. Chem., Univ. Arizona, Tucson, AZ 83721 .'SA). Chem. Phyvs.
Lese. 1992, 188(1-2), 1314 (Eng). The &% cluster forius a
bitrigonal pyramid. This structure can fonr. some stable and
metastable (autodetaching) states with an adul. electron, whick
attaches to the cluster surface. Energies of son ¢ of those states are
detd. based on ab-initio calens. with the use o' the coupled—vluster
method combined with the first-order correlatios orbital methed. It
is found that at least four states, i.e.,, N2A:®, SE° 2E°, and (2):E', lie
below the electron ejection thresheld. C ] :

C.A. 1994, 18 n 1p
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/992

96 JL180. "CraGuibibié 1 MeTacTaGHABHBIE COCTOSIHHS

anuona - Sis~. Teopernyeckue Hccaeaosanusi. Stable and
mctastable states of the Sis— anion. Theoretical study /
Adamowicz Ludwik // Clféem. Phys. Lett.— 1992.— 188,

‘Ne 1—2.— C. 131—134.— Anra.

- Kaacreprt Sis uMeloT cTpykTypy OHTPHrOHAJBHOf NH-
pamumbl. OTa CTPYKTypa MONKeET CO34aBaTh CTaGHJbHble
H MeracraCuibHble (aBTOOTPHIBHEIE) COCTOSIHHSI C JOMOJ-.
HHTCJIbHLIM SJICKTPOHOM, KOTODLI NMpPHJHMAET K MNOBEpX-’
HocTH kuaacTepa. OnpenencHbl — HEPrHH  HEKOTOPHLIX H3
3THX cocTosiHHiT. TIpHMEHSAJNCS MeToA CBf3aHHBIX KJacTe-'

.pOoB B KOMGHHALHH C METOAOM OPGHTaMBHOM KOppeasilui

nepBoro poaa. ITonyueno, uto no kpaiineit Mepe 4 cocro-
auua (X°A,", 2E’, 2E” u (2)2E’). nexaT nuxe nopora
OTphIBa- 3JeKTpona. [IpuBoAATCS comocraBieHHs ¢ sKcme-
PHM. JaHHBIMH. B cBfA3H ¢ Go.bWIOf HeHaCHILEHHOCTHIO
NMOBEPXHOCTH KJIACTepa OYeHb BEJAHKA BEPOSITHOCTH - MpH-.
JIHNaHHA 3/CKTPOHA K KaacTepy. = B Macc-cnektpasbhbix'
SKCMepHMEHTaX — HaGMIOAANHChb  COOTBETCTBYIOLIHe CTa-
OHJIbHBIC AHHOHBIL JL AT RS

S ]
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A- 7 ; i 117: 14684x Binding energies acd clectian affinities of smalf
silicon clusters (n = 2-5). Curtiss, Larry -A; Deutsch. Peter W
Raghavachari, Krishnan (Cehm. Technol. 1.r., Arzonne Natl. Lab.,
Argonne, IL 60439~4837 USA). J. Caen. Pays. 1992, 59,
6865-72 (Eng). The Gaussian-2 (G2) theot procedure, hased on ab
initio MO theory, is used to calc. the ensrgies of Sy and Sie- (n =
;./.&'7/ 667 9 , 1-5) clusters. The G2 energies are used to ‘Cerive accurate bifxding
1y léda? / energies and electron affinities of these clus':rz. The calcd. electron
affinities of Sir-Sis are in agreement to wivhin 0.1 eV with results

7 2, : from recent photoelectzun spectroscopic mea'urements.

C.A. /9948, 117 N&
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. - 118: 198679z Structure and dynamics of silicon. Flytzanis, N+
< ] nis, N.;.

5 < /I - Z;z Mistriotis, A. D.; Vendras, P. J. (Dep. Phys., Univ. Cret,ey,t Heraklio,}
- Greece 71409). J. Mech. Behav. Mater. 1992, 4(1), 41-50 (Eng)..

The authors developed an interat. potential for Si for Monte Carlo or:
mol-dynamic simulations which is an improvement of the Stillinger-Weber -
(§W) potential, including 4-body terms in a weighted way. Calcns.’
give very good agreement for the energy and structure of the ground
states of the cluster Sin (5 < n < 12) compared. with ab initio
. electronic calecns. The fragmentation process of Si clusters was'
studied. . The model was used to calc. bulk elastic consts. in.

3 S reasonable agreement with exptl. data. Results on the amorphous
W7 /Z/y/[a structure are also reported. } ) 7 )

e |
C.A. 1995, 48 N;zo‘
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! 117: 14687a Long bonds ia cilicon clusters: a failure of
conventional Moeller-Plesset perturbation theory? Messmer,
Richard P.; ‘Patterson, Charles H. (Gen. Electr. Corp. Res. and Dev.
Cent., Schenectady, NY 12301 USA). Chem. Phys. Lett. 1992,

é) Yy 192(2-3), 277-52 (Eng). On the basis of generalized valence bond
//M%JW&/ calens, the -authors propoce a new type of structure for the Siwn
/ / ‘cluster. This structure is found to have intra-pair correlation effects,
7‘2((2, YNl C‘/‘re/ suggesting the inadequacy of a single determirant ref. wave' function
! / Zéa J in conjunction with Moeller-Plesset perturhaticn theory for dets. the

: 249 relative enerptid of silicon cluszers. The bonding in Si:o is analyzed

m)/ © g LZ/’/ZM) and the origin of the large intra-pair correlation effects is fourd to

be four *long bonds® in the new Siwe geometry.

e. 4. 1994, 1%, N
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118: 87941j Structures of Sii. Aro there conventionally bonded

low-gnergy isomers? Ra havachari, Krishnan; Rohlfin , Celeste

McMichael (AT&T Bell Lab., Murray Hill, NJ 07974 USA). Chem.

Phys, Lett. 1992, 198(5), 621-5 (Eng). Accurate quadratic
configuration-interaction calcns. including .the effects of triple

excitations were performed on Cifferent isomers of Siw. In

agreement with previous studies, a tetracapped trigonal prism (Cay) is

slightly more stable (0.3 eV) than a tetracapped octahedron (Ta).

2 Both these compact structures involving polyhedral bondin are
L‘ ( ,k/n( QR considerably more stable (2.5 eV) than a conventional tetrahegrally
,@ / bonded Dan structure proposed recently by Messmer and Patterson.

7 Zd’l/ 7-In_addn., the Dz isomer is not a local min,: and collapses to a

/ ’ /; A polyhedrally bonded Czs structure which is 1.6 eV less stable than

the Ca form.
@
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';f /' 2% 119: 281377r Study of silicon tetraatomic molecule and mono=.
positive ion (Si« and Sis-) using threshold photodetachment

(ZEKE) spectroscopy. Arnold, Caroline C.; Neumark, Daniel M.’

(Dep. Chem., Univ. California, Berkeley, CA 94720 USA). J. Chem.:

Phys. 1993, 99(5), 3353-62 (Eng). The threshold photodetachment.

(ZEKE) spectrum of Sis~ is presented. Although no transitions to the

ground state of Si are obsd., the authors obtain detailed information

on the anion and several of the low-lying excited states of neutral

; Sis. The spectrum shows a long progression of well-resolved.
transitions between. the D Bx rhombus anicr and vz vibratioral:

PR Jevels of the first excited Dz 3B neutral. The eng:h and spacing of:
( 4/11,/7(' S the progression is consistent with ab initio calens. performed by
e Rohlfing and ‘Raghavachari [J. Chem. Phys. 96, 2114 (1992)], but
IMAILI D P some of the sequence bands obsd. within the progression are not.
(,/'N/M//«/ /{I:y -The authors also observe transitions to the Siy 1B state which is’

: / > found at a.lower excitation energy than predicted. The perturbed

vibrational structure in this band is attributed ta vibronic coupling to

a nearby electronic state which is *dark® with respect to ZEKE

spectroscopy. The ZEKE spectra are com ared to the previously

obtained photoelectron spectra of Sic as well as ab initio calcps. on,

Sic-and Sie. __. gy =7 7 B : :

O A 1952 118 N
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119: 233514y Photolonization of small silicon’
potentials for silicon clusters Si; to Sie Fuke,
ﬁ =] i (,’0 K.i Mizaizu, F. (Inst. Mol Sci., Okazaki, Ja
S P At., Mol. Clusters 1993, 26(Suppl), DM4-6 (

thresholds of Sia (n = 2-40) were examd. by
(5.7-85 oV) generated by stimulated Rman
bandwidth 193-nm radiation in high pres
gases. A strong threshold energy dependfnce

j o, —featuring ma_jgrur::ax. atl 10 ?nth 20}.1 T?t[m

. 97527147“54}5(/& -consistent with the results of the photofr o

Al 1) b

C.A 1993 (T nd2

clusters: ionization
K.: Tsukamoto,!
444). Z Phss D:,
). Photcionization’
vacuum UV radistival
scattering of narrow—=
nhm radiation in high pressure hvdrogen and deuterium !
on cluster size is obsd., !
agic behavior at n=10 js’
entation and CID expts.:
reported previously., —— R
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119: 155118 Density-functional study of the bonding in small
silicon clusters. [Erratum to document cited in CA1 17(18):178529b),
Fournier, Rene; Sinnott, Susan B.; DePristo, Andrew E. (Ames
Lab., USDOE, Ames, IA 50011 USA). J. Chem. Phys. 1993, 98(11)
9222 (Eng). Erron related to the labeling of clusters and to tho'
bond lengths in Figs. 2 and 4, Table I, subsection Sis, and the
caption of Table IV have been cor. The errors were not reflected in
the abstr. or the index entries. .

C-A. 1975, __/f:‘{ e
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120: 15394b Quantal estimates of binding energios of largo
[silicon clusters (Si)a with n>10. Oshiro, T.; Lutrus, C. K;
Hagen, D. E; Beck, S; Salk, S. H. Suck (Dep. Phys., Univ.
Missouri, Rolla, MO 65401 USA). Solid State Commun. 1993,

87(9), 801-4 (Eng). The authors employ a computationally

accessible semiempirical effective Hamiltonian method to cale.

) binding energies for large silicon clusters (Si)o, for n >10. Ths
/ 7 'ZLM differences in binding energy between different geometric structures

at a given cluster size _cnerall{ tend to decrease with cluster size,
K/(_é ) . This implies the possib, ity of cluster growth close to cryst. structure
with Td symmetry at certain finite temps.

L. pasiih

C.A. 1994, Ko ~3Z
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119: 256910b AMI1 prediction of the equilibrium geometry of.
silicon cluster Sie. Piqueras, M. C.; Crespo, R.; Orti, E.; Tomas,
F. (Department of Physical Chemistry, University of Valencia; Dr.
Moliner, 50, Burjassot, Valencia, Spain 46100). Chem. Phys. Lett.
1993, 213(5-6), 509-13 (Eng). AM1 calcns. have been carried out to
det. the equil. geometry of Sieo. The predicted In geometry shows
that bonds may be clearly identified as single (2.297 A) or erom.
(2.092 A). Several analogies and differences between Sis and Ce are
pointed out. Esp. remarkable is the bigger size of the Sien cluster,
‘which is predicted to have a radius 2 A larger than that of the Ca
© ter. Results are compared to other levels of theory. = =




] . /993
./L[,‘ ) | '”/2/0

120: 331644u Study of Sis and Siio microclusters with self-=
consistent-field and multi-scattering Xa method. Sun, Guoyao;
Liu, Huizhou; Chen, Changyuan (Dep. Phys., Zhongshan Univ.,
Canton, Peop. Rep. China). Zhongshan Dazxue Xuebao, Ziran
Kexueban 1993, 32(4), 119-23 (Ch). The mechanism of existing
the magic no. of Si microclusters is analyzed by considering the
dangling bonds. The possible structures of Si and Siio are studied
by using the SCF and Xa scattered wave method and by taking into
account the min. total energy of the clusters. Both the dangling

/5
{LW{(/L/W&) bonds and the distortion of the bond angles play roles in Sj
/ 'y

microclusters. - L - '

L.4.198Y%, 1o N L6
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".120:227570¢ " A tight-binding molecular dynamics study of the.
cquilibrium structures of small Si clusters. Lee, In Ho; Chang,
K. J.; Lee, Young Hee (Dep. Phys., Korea Adv. Inst. Sci."Technol.,
‘Daejon, S. Korea). J. Phys.: Condens. Matter 1994, 6(3),741-50
(Eng). The authors present the results of tight-binding mol.
dynamies calcns. for studying the equil. structures and the honding
properties of Sia clusters for n up to 18. To prevent unphys. large
icharge transfer between different atoms in clusters, the authors
employ the at. charge neutrality constraint that each atom has
approx. four valence electrons. With a limited no. of parameters in
the tight-binding scheme, the structures of min. encrgy are well
reproduced, as comparced with results from previous ab initio
quantum mech. calens. The authors find the abundant cluster sizos
n = 4, 7 and 10, which are in good agrecwmnent with other theor. and
exptl. results. For n 2 7, surface-like compact structures with a
pentagon or a hexagon base are found to be energetically favorable,
resulting in the metallic nature of the cluster bonding, while a
core-based structure appears first for Siis.

c.A199Y, [xo,N/8
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121: 66081a Application of the many-body expansion potential

energy functions to the study of Group IV atomic microclusters.

IV). Structures and stabilities of Sis-Sii¢ microclusters. Li,

idian (Dep. Chem., Yuncheng Adv. Train. Coll., Yuncheng, Peop.

Rep. China 044000). Gaodeng Xuexiao Huaxue Xuebao 1994,

15(1), 108-12 (Ch). A many-body expansion potential ener /

function is used to study the structures and stabilities of Si

0/ W Q microclusters, suggesting that firstly, Si«-Siis clusters can be

./ constructed by successively adding 2- or 3-coordinated atoms,

> M W /? forminf surfaces covered with 4-membered butterfly rings (Dx);

secondly, the trigonal bipyramid Sis(Das) and D2a Sis are the building

7 4 W blocks for most of these compact structures with a D cage Sit

W ‘ % added in for the clusters with over 10 atoms and both Siio and Sits

are covered with 3- or 4~ or 5~coordinated atoms, predicting that Sis,

Sis, Siio, and Siis be the prominent peaks in the mass spectra of

fragmentized Si clusters, in agreement with expts.; and t’inaYle , these
non-diamond compact structures have a max. coordination no. of

and the formation of 6-coordinated Si centers within half a sphere
leads to destabilization in energy.

C.A.149Y, (2 NE
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120: 227607y 8tructure of Slw. Cage vorsus notwork structures.
Menon, Madhu; Subbaswamy, K. R, (Department of Phynics and
A-tmnomz Univeraity of Kentucky, Loxington, KY 40506-0065
USA).  Chem. Phys. Lett. 1934, 219(i-4), 219-22 (Eng).’
m . [ZW A gonoralized tight-binding mol. dynamica technique which was used .
3 to obtain completo agreamoent vl/llhgn'n initio 1enulta for small wilicon
" cluntern in used to optimizo the Sio cngo without any aymmet:
L”Z//Vy/./ﬂl%ﬂ [(’ rostrictions. The perfect iconnhedrnl cago in found to be ur.ntnl,lrny,‘
distorting to a lower symmotry Cszn atructure with: no chango in the
K”]MQ/MM{V threefold coordination.  ‘T'he relaxed geometey shows increaming
(7 tendency for tetrahedral arranpemont of atoms, and is em-r;:t:liuullv‘
unfavornble compared to a relaxed bulk-likg fingment. ‘I'his iv in;
contrast to carbon, whore tl)o cnpo _iu_fuv«)rm!. . !

c.A-199Y, 130, V1§
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/)" 5} g/ //) /Z - 120: 280567m Electronic structure of small silicon clusters.
Wales, David J. (Univ. Chem. Lab., Cambridge, UK CB2 1EW).

Phys. Rcv. A 1994, 49(3), 2195-8 (Eng). Predictions by the

tensor—surface-hirmonic theory of A. J. Stone (1950-1, 1984) for

bonding in small silicon clusters (Sia?-, n = 5, 6, 11, and 12) w:re

tested gy ab-initio calens. Stable geometries, along with the energies

. and symmetries of the occupied MOs, can all be rationalized witl,in

the model. For example, local encrgy min. for the Sin?- clusters wore

found, which are isostructural with the borane and carbo ane clustors

B:Ha?- and C:BozHa. In particular, both Siiz?- and Sii;2+ exhibited

£ g L /M ﬁ o icosahedral geometries, which were true mm

Javiem)
®

C. R.799Y, 720 N L.
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.122: 197514n Quantum Monte Carlo determination of electronic

and structural properties of Sia clusters (n < 20). Grossman,
Z Jeffrey C.; Mitas, Lubos (Dep. Phys., Univ. Illinois at Urbana-Champaign,
/) Z44)  Utbana, 1L 61801 USA). ' Phys. Rev. Lett. 1995, T74(8), 13236
(Eng). Variational and fixed-node diffusion Monte Carlo methods
are applied to study the structural and valence electronic properties,
of Sin clusters. Binding energies for n < 7 agree within ~4% with.
expts. and within ~2% when the fixed-node error is decreased by’
usmi natural orbitals. For n = 9 we show that the local-d. approxn.’
overbinds by =~25%. We detd. unambiguously (i) the role of
correlation in the energy ordering for different structures, includin
our new lowest energy structure of Six, and (ii) a different groun

M /lﬂ %5/7 state for Sii- than the one predicted by the local-d. approxn. _

G4, 1995 188 vile -
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" 123:211502m Vibrational modes of I}iicon nanoltructurel.i

Jing, Xiaodun; Troullier, N.; Chelikowsky, James R. (Minnesota |
Supercomputer Inst., Univ. Minnesota, inneapolis, MN 55455
USA). Solid State Commun. 1995, 96(4), 231-5 (Eng). The
authors present a method for predicting the vibrational modes of
small semiconductor clusters. The authors employ ab initio
pseudopotentials and apply a higher—order finite difference procedure
to solve the Kohn-Sham equations. The authors predict the
vibrational modes of small Si clusters (Sia, n = 4-7) based on their
ground state structures. The authors' calcd. vibrational modes agree

‘very well with exptl. data, and with other theor. calcns. based on

quantum chem. and tight binding methods. This comparison
confirms the accuracy of the finite difference procedure for ca? . not
only the 1st order deriv. of the energy, but the 2nd derivs. as well. It

"a'so validates the accuracy of pseudopotential-local d. calcns. for thg_

ground state structures for Si clusters,

-
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. ' 123: 240526¢ Sﬁ—éh. Eipeiiﬁ:entnl and theoretical infrared

< spectra. Li, S.; Van Zee, R. J;; Weltner, W. Jr.; Raghavachari,
Krishnan (Department of Chemistry and Center for Chemical
Physics, Unive_rg_ity 9f<l_"lorida! .Ga_inesyille_,_»F_I:m32611—'7209 USA).

. Chem. Phys. Lett. 1995, 243(3,4), 275-80 (Eng). IR absorption"

bands in Ne, Ar, and Kr matrixes at 4 K were assigned to Sis, Sis,

Sig, and Si7 from isotopic splittings and from ab initio calcns. of their

vibrational frequencies and relative intensities. The agreement'

between exptl. and caled. frequencies is excellent. Sis is apparently

in too low a concn. to be obsd.
/ ' 4 / mv oncn. U 0 o
a1 |
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122: 197370n Electronic structure and bonding in Sir. Pﬁueru;
M. C.; Crespo, R.; Tomas, F. (Dep. Quim. Fis., Univ. V, encia,
Valencia, Spain E-46100). J. Mol. Struct. 1995, 330, 177-80
(Eng). A detailed AM1 investigation is reported of the geometrical
and electronic structure of Sizn. For this purpose, bond lengths, bond
orders, charges and mol. energy levels are widely analyzed, and
compared with previous theor. and exptl. data on Sie and homologous:
carbon clusters Czo and Ceo. The predicted Dsu structure of Sizo is.
less delocalized than that of Cro. Furthermore, Sin presents the'

v 2/ 2/, —lowest ionization potential (7.63eV), the highest electron affinity
7 1€ ) LINJGZ 561 ev) and the smaliest HOMO-LUMO gap (4.0 eV) of the focy
W_ ﬁ, ﬁ/ studied clusters. . e

l //7 4 %/

ney- flrdian .

C. 4. 1995, (2L, 16
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123: 41280t Electronic and structural properties of Siw: a’
novel solid of silicon fullerenes. Saito, Susumu; Oshiyama,;
Atsushi  (Dep. Phgs.. Tokyo Inst. Technol,, Tokyo, Japan 152):!!
Mater. Res. Soc. Symp. Proc. 1995, 358(Microcrystalline and
Nanocrystalline Semiconductors), 55-60 (Eng). The electronic
structure is studied of the Se lattice having 1nm-size unit cell using
the d.-functional theory. The Siw lattice consists essentially of
dodecahedral-cage Siz fullerenes proposed previously. Although all
the Si atoms are tetrahedrally coordinated, the electronic structure is
considerably different from that of the diamond Si lattice due to the
pentagonal Si-Si network. Sis is considered an important new Si
semiconductor to be synthesized in the future. The authors also.
report the electronic structure of Na:BasSiss. The mater. is metallic
and the Fermi-level d. of states is very hl%le due to the hybridization
between Si and Ba states, which should be of essential importance -
for the supercond. obsd. in Na and Ba co—doped Siqs. : o
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P:3

8B5153. Pacder noTeRNHAIOB HOHH3alHH HEGOMBUIHX KIacTCpOB KpeMHHS
METOJOM CHIIBHOf CBA3H. Tight-binding calculation of ionization potentials of
_small silicon clusters / Zhao Jijun, Chen Xiaoshuang, Sun Qiang, Liu
Fenggi, Wang Guanghou // Phys. Lett. A. - 1995. - 198, N 3. - C. 243-247. -
Anurn.

MeToa0M JIOKATH30BaHHBIX opbuTaneit B NpHOMHXERHH CHNBHOM CBA3H
pacCUHTaHBI NOTEHIMHANb HOHH3ANHH (TIH) xnactepoB Si[x], x=2-12.
Hcnonb3oBanbl TEOMETPHY. MapaMeTpsl, pafilennbic B MOJIEJIH CHJIOBOIO MO,
ITonyuenusie pe3ynbTaThl comiacyloTcs C IKCMEpHM. JAHRBMH yuiue, 4eM
Janible pacyeToB B npHOIHXEHHH nokanbHoit IUIOTHOCTH H B MONCIH
ctepuy.  KalUiH. OGnapyXen JOKaTbHbIE MAKCHMYM M ws x=10,
COOTBCTCTBYIOLWA ~ MarH.  HHCIY. O6cyxneno BIHAHAE cTpyKTypHOil
H3OMEpH3allHK H peNaKcalni knactepos Ha ITH.

X /VX/ /994
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spherical droplet model.
1’/(/"’ ogtained, corre'stonding to the magic no. behavior obsd. b?t" other
effe
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/995

. 122: 170707r Tight-binding calculation of jonization potentials

of small silicon clusters. Zhao, Jijun; Chen, Xiaoshuang; Sun,

iang; Liu, Fengqi; Wang, Guanghou (Department of Physics and

ational Laboratory of Solid State icrostructures, Nanjing University,
Nanjing, Peop. Rep. China 210093). Phys. Lett. A "1995, 198(3),
243-7 (Eng). The size dependence of ionization tgotentials (IPs) of
silicon clusters is studied using a localized orbital eory on the basis
of the tight-binding approxn. The geometric structures of the silicon
clusters are from the theor. results of the force field model, and the
hopping integral and overlap integral in the tight-binding Hamiltonian
matrix are obtained from the best fitted formula for th%,latebl(oater
parameters. It has been found that the present results conform to
expts. much better than the ’Frevious LDA calcn. and the estn. of the

he local max. of the IPs for Sij is .

exptl. means. The structural isomer effect and relaxation
the IPs of the silicon clusters are also discussed.

ct on
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126: 203949j Wave function—based ab initio molecular dynam-

~-ics of clusters (silicon, lithium). Gibson, Douglas Allen (Univ. of

California, Los Angeles, CA USA). 1996. 166 pp. (Eng). Avail. Univ.

W ﬂ chmﬁlms Int., Order No. DA9704587. From Diss. Abstr Int., B 1997,

§ “r

G o)
C. A 1997, 1% N /5 [



,7.

Jifp w fr

/996

/ 125:42234j An effective Hamiltonian study for the binding ener-
gies of large Si clusters (Si),. Oshiro, T.; Lutrus, C. K.; Hagen, D.
E; Lee, Jae Suk; Salk, Sung Ho Suck (Department of Physics,
University of Missouri, Rolla, MO 65401 USA). J. Korean Phys. Soc.
1996, 29(2), 200—-204 (Eng). In view of the deficiency of information on :
large Si clusters, a computationally efficient effective Hamiltonian method
for Si clusters (Si), of large size is employed. The computed results of
binding energies for large clusters, including the fuilerene (soccer ball)
are quite encouraging in that the extrapolated value

o 2 177 structure of (Si)go,
;/;72/'./1{’/‘) - fL [Z VM of the av. binding energy from a linear least—squares fit is close to the
2204 L. ’17(/1 obsd. bulk value of 4.6 eV. Magic nos. are _a]so founq to be close to the
7 /&Z// Z{é(/{ V[V /[ obsd. ones. From the present study of predicted magic nos. for (Si),, we

//;’/_/17'%

find that the Si clusters do not from tetrahedrally bonded structures.
even at sufficiently large clusters up to the size of n = 25 in (Si),. Itis
also shown that the soccer—ball shaped Buckminsterfullerene structure
of (Si)eo is unstable, indicating that the stable geometric configuration
of such a large size cluster is no longer the cage structure seen in small ,
clusters. ’ ’ : s sl 5 S ST )

o 51996, (15w @
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125:177865m  Structures of silicon clusters. Pan, Jun; Bahel,

Atul; Ramakrishna, Mushti V. (Department Chemistry, New York

University, New York, NY 10003-6621 USA). Surf. Rev. Lett. 1996,

3(1), 341-345 (Eng). We detd. the structures of silicon clusters in the

11-14-atom size manhg:dusing tl:}t: tight-binding mol. dynamics method, }

N ¢ 2 7/, The Siy, is an icos. ron with one missing cap, Si, is a complete !
C”Z//l/y//://&f L icosahedron, Siys is a surface—capped icosahedron, and Si),isa 4-4-4
2 layer structure with two caps. The characteristic feature of these clusters-

/f,tzt//[ltlaw ,//[/ is that they are all surface. = :

C A 1996, LS, 1Y
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126: 162546e Electronic, vibrational and geometrical structure
of Sizo and Siy,. Pederson, M. R.; Jackson, K.; Porezag, D.; Hajnal,
Z.; Frauenheim, Th. (Complex Systems Theory Branch, Naval Research
Laboratory, Washington, DC 20375-5345 USA). Int. Conf. Phys. Semi-
cond., 23rd 1996, 2, 1657-1660 (Eng). Edited by Scheffler, Matthias;
Zimmermann, Roland. World Scientific: Singapore, Singapore. We'
discuss recent calens. on new low—energy structures for the Siy— and
Sig—clusters. Since it is well known thatthe no. of metastable geo-
metrical structures grows with the size of the mol. and since it is dif-'
ficult to directly det. geometries of intermediate—sized clusters from
expt., we have developed and applied first—principles methodologies
which allow for the calcn. of many phys. observable properties of a given,
clusters. Calcns. such as the ones presented here should aid in the

m "/\ZM/» exptl. identification and characterization of nanoscale silicon clusters,
(% /} ‘ i

C.A.1995, 126 N IR
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126: 162511q Isomerism and spin—vibronic energy levels of
silicon nitroxide. Puzzarini, Cristina; Tarroni, Riccardo; Palmieri,
Paolo; Carter, Stuart (Dip. Chimica Fisica Inorganica, Univ. Bologna,
40136 Bologna, Italy). J. Chem. Soc., Faraday Trans. 1996, 92(22), 4361—
4365 (Eng), Royal Society of Chemistry. The ground—state potential—
energy surface of silicon nitroxide has been investigated theor. by the

.internally contracted multi ref. CI (MRCI) method from complete active

space self consistent field (CASSCF) ref. wavefunctions using large orbital

_expansions. Three different linear isomers have been identified on the

/L) - RO

ey =
[’%ﬁ(ﬂ/ﬂ' |

C.A. J957

ground electronic state potential—energy surface, corresponding to the
em. structures SiNO, NSiO and SiON. Their geometries and relative
energies have been estd. Variational theory has been used to calc. the
vibronic levels for values of the total angular momentum quantum no. J
= 1/2, 3/2, including dynamic non—adiabatic interactions between
electronic spin, orbital and vibrational angular momenta. The predicted
vibronic frequencies are expected to be accurate for all three isomers.
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and Si,e clathrates. Kahn, Daniel; Lu, Jian Ping (Department of

Physics and Astronomy, University of North Carolina, Chapel Hill, NC'
27599 USA). Phys. Rev. B: Condens. Matter 1997, 56(21), 13898-13901:
(Eng), American Physical Society. The structural and vibrational proper- |
ties of the Si clathrates Sia, and Sig were studied using the O(N) tight—
binding d.—matrix method of Li, Nunes, and Vanderbilt. The elastic |

[' [iy/b‘{%ﬁ moduli are similar to those of cubic—diamond Si. The large unit cells
¢ '

lead to complex Raman and IR spectra which were obtained by calcg.

the full dynamical matrix directly. Certain modes are identified as mol.—

ll / like. Dispersion relations as well as the vibrational d. of states are
computed. The latter shows an unusual gap at ~16.5 THz for both clath-

/,ﬁm) rates. The mode—Gruneisen parameters are also caled.

A 1999, 199

128: 107764r Structural properties and vibrational modes of Siay

1997
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[ 127:40130q Study on cleétronic Structures of silicon clusters
by hetero—atom doping. Nakajima, Atsushi; Kaya, Koji (Dep. Chem.,
Fac. Sci. Technol., Keio Univ., Yokohama, Japan 223). Hyomen Kagaku
1997, 18(3), 141-148 (Japan), Nippon Hyomen Kagakkai. Electronic
properties of small silicon clusters (n<11), produced by a laser vaporiza-
tion method, were investigated by photoelectron spectroscopy of their

p anions. The doping by F or Na atoms enables us to subtract or add an
( f?mw/ﬂnf s et b o ol i v 3 o,
Aeeny)

C H 1997, [T+ N3
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L ] 128: 121063t Structure and vibrational spectra of low-cnergy
/ silicon clusters. Sieck, A.; Porezag, D.; Frauenheim, Th.; Pederson,
M. R.; Jackson, K. (Institut fur Physik, Technische—=Universitat— |
i7 s . ' Chemnitz, D-09107 Chemnitz, Germany). Phys. Rev. A: At., Mol., Opt.
//: 9)-—/(/ . Phys. 1997, 56(6), 4890—4898 (Eng), American Physical Socicty. We
v i have identified low=energy structures of silicon clusters with 9 to 14 |
atoms using a nonorthogonal tight—binding method (TB) based on d.— .
functional theory (DF). We have further studied the resulting structures '

é)// ,—-/4 .//’7 with an accurate all-electron first—principles technique. The results for
o (a4 . cohesive energies, cluster geometries, and HOMO-LUMO gaps show an )
ané/ﬂ ovcral.l good agreement between DF—-TB and SCF.—DFALhuory. I'.‘or Siy |
! - ‘// and Si, 4, we found equil. structures, whereas for Si,;, Si,,, and Si,,, we'

¢ present clusters with energies close to that of the corresponding ground—

'J/)M . /ﬁﬁk 7~ state structure recently proposed in the literature. The bonding scheme
/ / of clusters in this size range is different from the bulk tetrahedral sym-
metry. The most stable structures, characterized by low energies and
large HOMO-LUMO gaps, have similar common subunits. To aid in '
their exptl. identification, we have computed the full vibrational spectra :
of the structures, along with the Raman activities, IR intensities, and '
- static polarizabilities, using SCF-DF theory within the local-d. ap- '
{ 57, proxn. (LDA). This method has already been successfully applied to the
% detn. of Raman and IR spectra of silicon clusters with 3-8, 10, 13, 20,

My Ay //0 and 21 atoms. E
.7 100 1910RAss Qirmraln ;e doabene b ok oo % v v v
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clusters at the level of density functional theory. Hartke, Bernd

tgart, Cermany). Theor. Chem. Acc. 1998, 99(4), 241-247 (Eng),
Springer—Verlag. By application to small Si clusters Siy (with N =
4,6,7,10) it is shown that truly global geometry optimization on an ab
initio or d. functional theory level can be achieved, at a computational

/ (Institut Theoretische Chemie, Universitaet Stuttgart, D=7U569 Stut- .

129: 127419f Global geometry ;)pﬁlgrﬁizati_b;l- Bf-sma]l ﬁl;licon ;

S w4 7 0 1A (T A L Se) :
U7 g,-{,,/‘//ﬁ/{;'// (« /" cost of approx. 1-5 traditional local optimization runs (depending on
NIRA cluster size). This extends global optimization from the limited area of
2 y ol /L{' (,7 empirical potentials into the realm of ab initio quantum chem. o
v \IV ‘/ 3 ¥ = B
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129: 207431u First—principles study of the equilibrium struc-

; tures of Si,, clusters. Jeong, Ji—=Wook; Lee, In—Ho; Oh, J. H.; Chang,:

/] —y—' /V K. J. (Department of Physics, Korea Advanced Institute of Science and
- Technology, Taejon, S. Korea). J. Phys.: Condens. Matter 1998, 10(26),
5851-5860 (Eng), Institute of Physics Publishing. We investigate the

at. structure of Si, (n = 9-14) clusters using the first—principles pseudo-

potential method within the local—-d.—functional approxn. (LDA). The

equil. geometries of small clusters with n < 12 tend to be capped prismatic

” structures. Forn = 13, we find a surface—like metallic compact structure

5’4 19” ( which is derived from a capped icosahedron and competes with a stable
/ trigonal prism, while this structure is the most stable for n = 14. These
ﬂ' L[Mﬁéﬁ{[{ﬂ results are compatible with the obsd. stability of Si,3 and Si,,, as
[ / compared to Si, clusters with nearby values of n, against chem. reac-

tions with simple mols. The effect of electron—electron correlations on

the energetics of isomers with n = 13 is examd. through variational

quantum Monte Carlo calens., and the LDA energy ordering remains
unchanged, consistently with previous diffusion quantum Monte Carlo*

0 s 1290
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129: 193933v Structures and properties ot S1,3 1somers. ran, B.
C.. Wang, C. Z.; Turner, D. E; Ho, K. M. (Ames Laboratory and
Department of Physics and Astronomy, lowa State University, Ames, IA
50011 USA). Chem. Phys. Lett. 1998, 292(1,2), 75=179 (Eng), Elsevier
Science B.V.. The structures and properties of several Si,3 clusters are
studied using d. functional calens. The calen. results show that a newly
discovered structure with C, symmetry is energetically most favorable.
Our calcn. also provides detailed information about the electronic and
vibrational properties of the clusters which are useful for understanding
the structure and stability of the cluster.

LA-1993, 19 NS

1779



[ S S N S S RSN N e
7%
] Z/T ' ’ |

A {)g 6‘ 130: 71857y Dissociation Energies of Silicon Clusters: A Depth
(= 4 Gauge for the Global Minimum on the Potential Energy Surface.’
~ Shvartsburg, Alexandre A.; Jarrold, Martin F.; Liu, Bei; Lu, Zhong—
Yi; Wang, Cai-Zhuang; Ho, Kai—-Ming (Department of Chemistry,

'Northwestern University, 2145 Sheridan Road, Evanston, IL 60208 USA).
" Phys. Rev. Lett. 1998, 81(21), 4616-4619 (Eng), American Physical

x Society. We have modeled the dissocn. of Si,, neutrals and cations in the

kﬁ n < 26 range. The fragmentation pathways up to n = 26 and dissocn.
0 energies up to n = 20 have been calcd. assuming a statistical decompn.’
process. The results for the cations are in good agreement with the;

- " measurements. This indicates that our search of configuration space for’
//1 .~€ ), }[ZV/;'-/-the silicon clusters in this size range has indeed found the global min.,
il /4 Lol VE=] yiz. a family of "stacked Si, tricapped trigonal prisms”. This is the first
time that dissocn. energies have been used to test the results of a global

optimization. ‘
CH 1997 130, 6
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132:83990 Bonding nature of Si7 bicapped
pentagon cluster: ab-initio stud Eguchi,

Haruki; Tsumuraya, Kazuo; Nagano, Takatoshi;
Kihara, Shigemitsu Research Laboratory,
Ishikawajima-Harima Heavy Industries Co., Ltd.

Tokyo

135-8732, Japan Mater. Trans., JIM, 40(11),
1198-1204 (English) 1999 The authors studied

the bonding in bicapped pentagon Si7 clusters in
ter of the Laplacian field of the charge d. The
bonding between the capped a the strongest and has
a covalent character; the bonding between the edge
on the pentagon shows the weakest covalent
character. The second deriv. charge d. gives no
information on the bonding.
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131:356319 Ab initio molecular orbital

calculations on silica rings. Nede J. M.; Hench, L.

L. Department of Materials, Technology and

Medicine, Imperial College of Science London, UK
J. Non-Cryst. Solids, 255(2,3), 16 170

(English) 1999 The ab initio MO 3-21G method




was applied to silica rings with two to si tetrahedra;

per ring. The geometries of the rings and their total |

electro energies are compared with previous ab initio;,

AM1 and PM3 results and wi exptl. values for amorphous
silica. The 3-21G method appears to reproduc accuracy
the exptl. results. The semi-empirical PM3 method also
gives re that compare favorably with the ab initio

calens. and thus is concluded t suitable for use in

calcns. on bigger silica clusters.
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135: 82218v- Structural transition of Si clusters and their.ther-
modynamics. Wang, J; Wang, G.;' Ding, F.; Lee, H.; Shen, W.; Zhao,
J. (Natiorial Laboratory of Solid State Mlcrostructures,-Department of
Physics, Nanjing Univegsity, Nanjing, Peop. Rep. China 210093). Chem.
Phys. Lett. 2001, 341(5,6), 529-534 (Eng), Elsevier Science B.V.' The
lowest energy structures of Si, clusters up to 21 atoms were optimized
with a ‘genetic algorithm (GA) and d. functional theory (DFT) with
generalized gradient approxn. (GGA). The structural transition'from
prolate cage—based structures-to near—spherical. configurations was
found at n=17. Remarkable different melting behaviors of silicon clusters
were obtained between those in prolate 'structures and néar—sphencal
geometries. The structural transformation of near—spherical clusters
was obsd. in the melting process. Two possible melting ] processes are
proposed: near—spherical — prolate — subumts b molten and near—‘
spherical — prolate — molten‘oblate. - .- K
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" 135: 185751t The real structure of the Sig cluster. Zdetsis, Ars-
tides D, (Department of Physics, University of Patras, Patras, Greece
GR 26500). Phys. Rev. A: At., Mol., Opt. Phys. 2001, 64(2), 023202/1—
023202/4 (Eng), American Physical Society. Contrary to well—
established recent theor. results based on second—order Moller—Plesset
perturbation theory, it is illustrated here that the distorted octahedron
of D4, symmetry cannot be the ground state of the "magic” Sig cluster,
but a transition state, connecting two almost isoenergetic structures of

_ lower symmetry, which can coexist.” This conclusion, the consequences
a of which could be far reaching for other magic clusters, is based on
higher—order perturbation theory, accurate coupled—cluster CCSD(T)

sion, related to the flatness of the energy hypersurface near the min. As
a result, the structural and electronic properties of Sig are still not well
understood, although several suggestions are put forward here.

®

ﬂ calcns. and d.—functional theory at the hybrid B3LYP level. The
/ dxscrepancy is due to the poor convergence of the perturbation expan-

(-1 300/, 135473
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