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tr St4 B ek Stron § Profertgs of med I‘Uo};‘ﬁ s § §on 8l sters MSi,s (M =W, Zr, Os, Pt, Ce,
cﬁ) fil 4 e setne of 3=n=20 r gestg N A ab initio & ltﬁl t gns. D {eent frens,

eentexper gem | 5, 8%t ent the mea B tem §¢1ﬂﬁ~¢"h 1 g MSi,, Ve e 1 the form t e
of e 1l e™a | str §t ke strengly e peifls en e s e of ke Si, §l ser. Twe newl str 6t es of e

fem g lly b emiéct™ | shigs & mn 56 Te s § bk M@Si,

b, e ples of wlf-

4 semply m ergls# ry ptes ng of 10 =n = 16. Tee hermetyn m§lmggn mers & fo el
te So a6 w i ‘i"f_ temglmggn | Miers for five €1 sters.
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Tee g sgtod pr § e 6l sed sempkMa nestr 6t s
grofiffe ts § bk b pgplek st v mﬁemf lly
R pka, 1 e ly ges 6t wiv@ teber, | fon ol s-
erd eexi S to o Sone s ta }'J pg%lob a! g\
of e extene nperd nk of s | {on ghe em {orﬂ St-
il ;fdustry Heve wer, p e s | §en Clusl-;rsa IS i"em 5
3 lly@ St [1]"5 c @ ner lex jenk of*9 ngl pg
porflis (DBs) [2 4K 1%, i ns & bkA & b P ggplet
of £lfa semply M elyls Tg st s ;now"ﬂt mtg
3 Ily ¥ ng® py @trﬂut P mv;it la tem g e Si,
Clushrs A @ ¢t gn of s§ e (SiHy) w‘t’« @ ns §en nmea 1
ens MY (M =HE, T, , %, Iret) R s kW te MSi,H,
ol sers = t enly's \ﬁa s ler n mier of ', Wrogns
(x = 4 fora. 11 n). Espe & lly Sompk e ly ¥ Nroga
MSi, tlustgrs, e A tn=14,13,12, 11a M9, esp §-
tlyd & nefd prd‘du st. Tve s 1k <yMregn Sentent g
e MSi,H, ] sers MPlgst® t mest em. 11, & ngl pg
borﬂs"lwmn%tzeﬂby‘i*eMa tem. ply
rek,te VA tem § t:]ny; tt =W to e lod €W phe l'gmgr
of Si, §] sters [5]a % s b ent ab initio 8 16 4 t gn
nt ft"ga g 4 e guoﬁ Br sm wi ke ‘on e
entera s e gro M st of WSij,. TrerdMe wwes |
esendyl ofe c‘ét s be, the MSi, 6l sers. (1) Iste
mea B tema 1w ys lod % ‘o ke €nter of ke Si, ol s-
ers? (2) "Wt ghesged ng of e femg lly st bl':
MSi, C“ sters? (3) “syNe'te MSi, ol ser grewhs e M

a t"i'«os_-; Sk € QCH myers [5]?

Asa ncffort ted ®Miess Ted pove q cst Pns. ek Ve
Ppreviea n ab initio str 6t & 13 ¥ c;]f:‘t['.nf Qest
g t pn fer @ ns { pn-mea l!gopgﬂ s { §on ¢l sl-;rs MSi,s
(M =W, Zr, Os, Pt, Ce, ctf.) pa 31rg-; S¢ 4 nge
B=n=<20). Tw &1 1tpnsa e Performe® wiw g
e spg- mt-_str [E"d"\ybr":l ens gy f nstga 1 *eeory
wihe B3l P (Bek Tee-p s meier Leesa ng-R rm)
ex¥® nge- c ed ton f nsten 1 [6]. P ra b P r &N
Ne ube %A s g et, 4 (k% py B nlL2DZ a Y
LanL2DZ(d)2 ea NPV for e Ma Y ¢ tems, &-
she St jely. The eff St e Sor Potenty s 14w e -
‘lu"Je"J Te wd ty gt §eflests for e s;(orﬂ.a, RN
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PA(g n mers: 61.46.+w, 36.40.Cg, 82.60. r

@ nsien eree & eV fora 1l tea tems [7]. In offer
to dek g 5§ effe$s,2 4 reera llek Stron Pel r Py
tr e 22 B s;&;tpl s one ff ef Snsten, 4 e kN hy
6-311 + G(d), gemploy for e, 3 tem gs gk Po gt
erergy & 164 t gns for e wd 1 MSi, Clus'ers a M e
elergt § of\er pgs of e fompet { = §ONETSd & es-
e nly lly nt® ngRext Pt for Os@Si,. Tee Si, sonkrs
&:h‘b“ te senstr st ke gyl MSi, 6] sersd & s m-
mre® a? bhll Tey™ e e fer lovxtrc,n-;rggs or
S fersymnetrgs sot t@ ty g tem's 2 W nk te
porf¥ te e Ma tem. H rmon} Vg ten | frey enfgs
L e s ltuil €W for te Prom § gz St t gR 1y Po {ns frem
a NMeststr staloptngtena M woePptmg ton §
R riorme® fellow g ke e gnw Stor of e first A g
A ry fieg enby for e 2L po gt @ ny JOtE led ]
energy mp qom g fin llya dgwd e emp™ ag
erergy (EE) of s ore ts"?g Si, §™efie®™® sEE =
E[Si,] + E[M] — E[MSi, Ja. Iﬂ E[Si,] §thecmrrgy ofte
mest st pk Si, gener [3,4]. Tve K#an "% merergy & P
teteen be’ gest 068 P mek § 4T erp3 1 (HOMO)
a, M lewest no(( pﬁ meksd r erpg 1 (L MO) §
5164 N o pg e noﬂ\ybr":llh Pf nét R | tekee
tom‘i rgon winehers 164 tords [9 il Ademg 11y
% bk MR Si, §l ser & tgfes tuee oY ¢ ons
e gi f 11 prete 6t gn of te M tem (-8 neMee® |
str 6t m)a na penk of (DBsa ¥a 4 rge HOMO-
g Ppefeowr0. 50@ Sa. ) 19 forte & rpen f leems
11,12]. 1'*‘-; ¢ toffA @' nkes for ke M- 4 Iﬂ § borf¥s
2 et fine® 1293 M 2.70 A, eshe @ ely. S
Tee 8 164 €% Profertgs of te lovestenergy goners
of te MMepM Si, Sl sers e P riylly g ek Y sem-
| S w‘t’«."ﬂccx]-;r{mrﬂ 1% a [5] @ Tk IL The
lovest energy geonetrgs of te, Mo Si, 6l sters
AWMy pFg la i b of e M"Jop;ud Si,
| sl-;rs"ﬁ.t% tgty e oSt r b [5]p t M # gro B 6
mea Isa, e MM e p Fg 2 At first i nk, Foee
Cl sers, WSiy, PtSiza C0819,2 e exe | sk 6gs.
Teexie I1WSif® sne, [DB& ¥ gexpeSeMm g§
ahe wpla e pst OV § g o geenent
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TABLE L

Si, gemers s for Senstr St s te gyl MSi, 8l sers. Twe re t g e cmpley™ te Senstr St M@Si;: & 9P g

twe 4 s of M@Si; or mmev g twe & PP pga. tems ef M@Slllzo tri: tr goR I tetra: @ goh I; p: ferd go& I; b: g Ketlke;
hied gon I c: 8 b § s M | f f leenele; ip'ep gon |; FK: Rt ke -K sher

Iseners

Sig [8]

Sig[8]
Sijp[8]

Si[3,5]

Siyy [9]
Siys [10]
Siy [9]

D3s b § PN et ~eMren, G4 MY C3, @& & PN et eNVreons,
Cy, b & PN 170 Pr gm, Dy, tetra Wr gm, D, tetrdd. nt Pr gm
Cs, tr § PN ot Nren, Dy, tr § PN 1ri Pr gm

Ds, p prgm, Ds; A n Prgm, T, @ & P et <Nren,
Cs, et@ & PN tri Prgm, Dy, v § PN tetraa. nt Pr gm

b str_§t " Co e & PN 17 Pr gm

Dg, pr §m, Dgy /8. nt Prgm, I, §ea*<eMren

c, da n‘-‘fstr St s, Dy, hp Pr gm, D, b § PN A progm
f,cla 2 struttults

A MY FK str 6t &S, e@ & PR A Pr gms

I, 'ﬁ&t’*t"é]ron

wha nepereVles I m xm med tyea b M nke of
WS] 2. meng WSi H a t n—3(bot30‘7 [5]. Tse
3164 €% crergy W feenes etween e exiret |
WSia M eée® | W@Sia & AE = E,, — Eqpgo =
—0.50, 0.39, 1.63a i = 6 eV st ja €V frenk. nexde-
A% 1 Dy, str 6t &) forn =3.9.10a Y 12, eshe St e ly,
Pt ok nefw neMhermelyn m § 1| 4y of fe
cfide™ Istr 6t ea g pstheexie™ Lo wivhe
W0 W sl The 8w lgs p Wt he Mo (porft
n,Mer @ e crﬂﬁ*é‘d&l Str 6t e pé@ s mew
- Tlyontt pheexbet Foe wiike pim

TABLE IL 'Pv;oxz;t( 1 (NDByjor)a M exer et 1 n oMbt (NDB¢p) [5]
# by EE Sﬂ ), BE (b ¢ pgemnergy, g eV4 tem)a. R ¢ &1 % rges on M fo§‘i~¢ MMM Si,
temg st piy, eskst ;{-_ly Fe@Sijg"® & M gret § menent of 2,U,B W b for 1l eters § §

a Y H ePesnt lones. ¥ Ler
zere. All e Pt@Sia Md rger-s & M@Si, (n =17 [10], 184

S A SR rexée™ lemée™ 1str 6t 2 1@ nsgen
w‘t" e @ Vs ;e"& S feen leQ;ntly oba-;r\{-ﬁi ;11*«,
-2, i TpNep® Si, ¢l sers [13],a M e sm lkst
Ve fénet | wWa@Si, §l SkeTsa, & Sewn te te W@Si,
only o= sge d rger ‘#k ner e §ten. Henk, frem
n =12, we ne lengr Cons?grexﬁ'fﬂft 18 es.

Tee fem§ lly st pk M@Si, §L sers go r& Isd -
tons P fremn = 10 te n = 16. Tse s 1Est de'm ¢
3 lly f pe M@Si, §l ser @ tir p €W 102 g Ketlie
Os@Sijg, W sems frem¥e Cs, e & PR tr gon |
prgma YW e OsS- @ G § v b knghs of

+DBs, MO g ps ), femg 1

HOMO-
i‘] S SErs. Tee p@ lketers L

% 20R Iy e (DBs.

Gemg 1
MNepN Si, NDB cor NDB,,¢ Gy bty EE BE A rge
WSi, 0 0 0.95 L 5.43 3.44 —0.41
PtSi, 11 . 1.38 L 4.35 3.33 —0.10
W@Si, 9 nenzre 1.19 L 5.14 3.42 —2.14
CoSig 1 0 0.34 L 3.96 3.12 0.49
W@Si 6 nenzre 1.39 L 5.09 3.50 —1.74
Os@Si, 0 1.48 H 5.60 3.55 —1.19
Ru@Si, 2 0.72 L 4.21 3.42 —1.26
Fe@Si,, 0 cee 0.25 L 2.27 3.25 —0.30
we@si, 0 0 1.38 H 8.64 3.69 —1.74
Zr@Sip, (Cy) 8 nenzre 0.78 L 4.81 3.40 —0.45
Os@Siy, (Dgp) 0 1.10 H 8.36 3.67 —1.23
W@Siy (f) 0 e 0.38 L 8.74 3.70 -1.938
Zr@Siy, (dbhpa) 1 0 0.65 L 6.34 3.54 —-1.97
Zr@Si, (dbhpb) 0 0 1.23 H 6.18 3.53 —2.13
0s@Siyy, (¥ 0 e 1.63 H 7.19 3.60 -1.63
W@Sis (f) 0 0.79 H 10.06 3.71 —2.04
W@Si6 (f) 1 1.11 L 10.22 3.73 —2.13
Zr@Sijq (f) 0 1.52 H 9.59 3.69 -2.19
W, @Siy, 0 0.55 H 16.75 3.65 —1.95

o @ oS 0 e 6-311 + G(d) g s § et for "N;S % tem, W~ k e Lanl2DZ(d) g s § et Pefrs e dbhpa str St .
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Wiigh or.  WREL o TREGHEA LT RUND pa TR GNEE,
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/“ f o /f\ 1'\ ? @(
W@Sij; C, WeSiC, W@Si,C, W@Si,C, W, @Si,C
FIG. 1 (Seler). Gre M fe goners of te Mo Si,

Sl serst i W, @Siyg. Tee 1 [ ble & 1ls e e nt 4 tems.
For e e fiéne®™ 1str St s, porfs Senre 6t agte 7 to

2 tems. &= net™ gl N for d ryy Tee str 6t _rsWof Mo@ ?112
a M Cr@Si;A = fent§ 1w t of WASi),. Tee Os@Sis
a M Zr@Sij, "% v Semp §t f str 8t s, Wk Pt@Siy,
M@Sllg (M =

2.39 2.49 Aa MY 2.36 2.43 A, espe st ely. The lovest
erergy goner of Zr@Sij, ga C; ™ gtere™ p§ P
et g | Pprgm t § (dbhpa) str St e, erg@tag g
te dstr st ea YR v ag twe perftN & PP pca tems.
Heweverd Present of ene DB en §s mest Prer 6t pg
a tem § Sen@™ §tery te e opereM fer st b%gy
a g pstH fer Zr@Siy, [5], 2 r gg fremie Dy, p § PN
hprgm, ere & n et g Dy, stere™  § PN ex-
agen | Pprgmt§ (dbhpb) str St wis twe well-
eP e eNa PP tems. It §0.16¢ sl gutly’™ grer g
erergy® nie dbhpa str, §t e, bul"il sne, (DBs. Keep
P Mt thea 612 1 @ o gn (etvecn Re mea I oY
s { §on §Performe® up"bff* gemikd t e % Por R =
[5,13,14], Ve e entrepy e f 6t Prog, l[J)ly te SonE A, s
{qperd n@. st obscr\{-:'d for & rpen Cl sers [15]. Tee
fiee erergy § 8164 €¥a s te cxpu-;ss eNs gyn g
et [16] Tee ms lis Sow W 1,2 poe 1200 K, e
dbhpb str, St "ﬂ b«;tomn,s mee st pk W n‘i\g
dbhpa ere. Zx; yborf¥ knghsa e g
fe s ngs of 2.72 23)3 . rﬁl D3040 A wspe st ely.
g ®e dbhpb str, 8t .

2 V‘W M fa" ald
<< Sa & {4 @ *\;}'«r
PtSig C, CoSi, C,; Os@Si,, C, Ru@S8i,, C,
a3, /2 ,‘#J/ X ﬁj\\
I»I-—_gﬂ vff ﬁ’ I‘T‘ i7fj

Fe@8i;, C, Zr@Si;, C, Zr@S114C1(dbhpa) Zr@Si,, Dy, (dbhpb)
FIG. 2 (Seler). Gre ¥ st & goners of Te MMepMN Si,
Sl sers Wt & tgfy Fe obet r b pt M # gre B 6 mea Is

fee ore cxe Pt gn of Zr@Si,

Teecwn s rge gtr o phe g enetvecnte
Os Mite s g 4 tems obl‘{" Mei goR 11 gg g 0s@Si
[Fg 3 )] ‘h&vg med 11 § porfY gg tetveentem, v

a Sex kntpe¥ pg § 6B retweente O8 e pottem
S ¢ toms frem e < g« W re ®ensiya leng kem
[Fg 3(p)l In Zr@Siyy, e So% knt W & Sera PP r1s
gte fo rierestZr: porf¥s, o of W §N M ¥
9 Fg 3(5). FremT bR L bt vt e At 4 18 res e
ape t—2ferte a M Za tems ¥ —1 for fe O%. tom,
s 6t wly. Bhe e porft pe e tueente O8. tom. Y
e Sips e ¢ m gt e of mea 11 §, So knta Y on §
porf¥ gg, Ve ste ‘o (etween Te Zm toma M e
Siy g @ m e of te twed tier porf¥ pg. Conse-
entlya. streng ptgt St pn tetweente Os (Zry tend
%E: Sijg(Sijy)8 g @ nt § P Vg s § Sonfirme®™ freme
4 rge EEs of te Os (5. 60 3 MY Za tem (6. 18; ) gse
Sij@ M Siy, esh 6t ;{-ﬁy

Fg e 4 Seowste s e ks of ke EEsa MY
BEs ef e MMM Si, 81 sters (M = W, Zr, Osa. 1 Pt).
In gylly, ®e fo r BEs wres lly g6 © wibe g-
@ Vs e, sm ke sly Bk g tn = 16. Besfes
n =16, sk &y I#f_rmd'yyﬁ, m§lplty § lse een

atn=238 12 fer M =W, n =14 fer M = Za. ¥ Py,
aMin=12fer M =Os.Ifhe M Y {ef llym e,
‘e strengs@. p, 14 nk & n (ea nt ?' % e clop |
fermé¥yn m§ lly & pe Po pt, ¢., n = 16, forr 11 te
four ¢l skers (fer M = Wa Semp & pka , 13 nk & n
a ISe (ed. nt§P et tn=15%c te s slex BE to te
3  of n = 16). Howewer, g n gSempkte @ §t pn, te
ol ser grewb  we M preg plye™ tsm ler-s g log lly
fermelyn mg 11y & pe po qts. Comp =™ w i Pre-
vesepied lﬂitpns [10,17], @ uF Jeb first & wea
" ?t"'d expl A tgn to‘i"f_ ohere tl sbr growht e t
n =12 [5k fYstrengsi. p, 119 nta, th = 1% Y16 [14]
for ‘i*q, MopN Si, 6l seers wen spghe gertsgne
A Alse e Qtomsortl skersa. s oI, -
she St e ly. Tee ob§:r\{-ﬂ Clustgr grow"t’«.eﬂ% tn = 14 fer
e ZrNepM Si, tl sters Soresporf ug te s pe ke
5§ A s yse re & n e vwell n'-hrstoc'd Qe s me
w. y. T EE-1'" ,Nes™® e m s ng riy tehe BEn
ores. In g lly, ®e fe r EEs eret lly g6@ e wiste
8 Vs e ow pg lote i@ Mg werf¥ n mier,

(2) (b)- (©)

FIG. 3 (¢eler). Censt nt ck Stren § = rge ®ens A surﬁf, es
for4 ) Os@Sij) vewed frem te top of te'~ed gon I M ne,
(b)& mea sd ) p t vewel frembe sfe of teer gon 1M e,

a Y (6) for Me dbhpb Zr@Siy,. Tae W rge Rens jgsa t ®e
s 4 esa = 0.060a M 0.045a, o for Os@Si;pa Y Zr@Si,,
e she 6t 3 ly.
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FIG. 4. . @®epents oftve EE® 1Y BEs of e M/ Mo
Si, widM =W, Zr, Osa Y Pt. Tee tlusl-,rs wiss {nuh/ -
e s sk bl termelyn mg la M demgl st pligse &
) b-ﬂ-ﬂ by 1f-filkf s gns.

a M ey sqn R nee sly pka tn=16a s vell ™
sugg-;sl-;"'si"mt"bt " xqal soofM g ton of M wi
§ 168 Jz:sult Sens gent w ite operwels &, Pherl &1 4
of te Semp §t M@Si,. To s p | " feer Si, ¢l skrs,
mew NMed kb tems. n-;"l'« s e Optm@tpnof‘i*f,
Siy fulhrz;m Sori gggl 'E% qerd n PeeVes It @
Semp. 6t clong N "dﬁg“’*t“slron (Fg 1. ®em % bly,
e log lly st pk Po pts pte BE-n § rest ra lsete
oncs g e EEn € ries exePt for Zr@Siy,a M §
SoresPorfint M § st the loa llykerme¥yn m
Sl pli@ res frenh nexePt pi lly streng pied §-
ten tetween te Ma M e Si, & g2 t ke Po gts.
Net ply five 6l sers e fo 9 o Sow'™, g potbem ¢
£1am "N;rmc'dyﬁ m{li A piigs a2 M eya e
W@Sllz, W@Sl|5, Zr@Sll4, Zr@SilG? Iﬂ OS@Silz
Ins mra ry, fe mea R tem §neR 1w ys les ¥
fe Eher of e Si, §l skers even for e Sompktely
A Pregn €l sk 6gs, unl—,ss"ﬂf, s gs of Te Si, Cl s-
erd =d rgecne g'k Two newelstr St &=s of e ﬁcm P
3 lly % pk M@Si,s (b Ketlie sir & e for Os@Siy,
a M stere™N p § pp;"»!,’*e& geR 1 pr §ml%or Zr@Si P e
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e kA for e first t qea e s . bk M@Si, b‘ifd
Qg plek fer 6 s sempkN m l:tﬁ Is ¢ Sy,
tea nge of 10=1n = 16. Thera RS R ee srﬁg{
ER vers g herméyn mg la ¥ demg 1 A pigs
for W@Sllz, W@Slls, ZI'@SIM, Zr@8116,a fn OS@Sllz,
W P gree vell wis e exper e 1 grewhi erfba ¢
n=12 M 14 @ M PWregna W form for ke a MY
ZrNepN WSl sers, eshe Staely [5]. Al

AllkeSs 184 t pus veie More s pg te GA__ IAN 98
p ke [18] Ut"«; wek W s squort-ﬂ by "m—,égj‘(

FC (Gz nt Ne. 10104001),a 1f¥ T

refesser . K m r for prevy pg ‘N\J g-; Iﬂitry of one
Y \7\7‘@51152 rf'd 7~o C’«Oc, ®, N.Ta g,
U72% nga M for'*f,M 1% ;t ens.

Yyi

“El Stren . Mg ss: 1,@ s €)p
"Ek $tren §. M ss: A g =@ ma §5p
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