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ABSTRACT: The non-addiliv(" thret' body po(("ntia! nf the 11("3 sysrem for

general linear and trian~ular ~eometrical configura[ions is calcu-
¡ated by using the Polya[om pro¡;:ram based on [he Roorhaan

LCAO-MO-SCF method with a (;aussian basis set formed by (í
S-[yp{' and j p-type functions [or cach cl.:"nrer. Tables and

Figures of numerical results are presemed for linear, iso'iceles
and scalene [riangular ..:onfigura[ions. A comparison wirh re-
sults of other aurhors is made.

\rark supponed In pan by Facultad de Ciencias. Universidad .\"acional Autónoma de
México.
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5011I<': physical properries oC a{omic and mo1<:cular systelll~ like (he

(rel' enr.'rgy, spccific hea(, eouopy, viscosiry ,llId dl('rmal conducti\ity are

usually ctlcula{('d und{'r cerrain approximatlOlls. 0[1(.' (lf dl<:s(" is kntlwlI .1S

"rh(. pair-wise additivir)" of rhe mol<:cular forc('s", which mean' eh,l[ tht-

interacrinn hc[wcell atoms or molecules C<ln be l'xpresscd ¡IS a sum of clllltri-

burinns feíerring ro isolated pairs. The validity oC chis approximatioll has
bef:1l studied by s('v('ral authors. Per-Olo\' L;;wdin1, on inn'srigaúng ColH.:'sin'

forces oC cena in oC rhe alkali-halid(. ionic cryslals. has s!town rhar in [his
case, [he cohesiv(' ellergy is non-addirivc.

A convenient approach ro the study of thesc non-additivc iflteraniofls

is by penurbarion th(:ory . .\fargenaul has poillt(:d out rhat first order in ter-

actions do nor have the propeny of pair-wise additivity. "11Ie long ran~e force s

bctwe('n unexcited molecules like rhe dispersion forces are addirive in ~ecund

order of perturbation theory, if a simple product type of ZeTO order wave function

is uscd. Third order pef[urbation theory was applied lO the Van der \Vaals

type interaction between neutral atoms by Axilrod~ in urder to calculate duce

body non.additivc ¡nteranian. Axilrod's results ha ve bet'fl applied hy (;raben

and Prcsent. and Sherwood and Prausnirz5 ro the ca!Culatioll of the third \'irial

coefficicnt for Neon, Argon, Krypton, Xenon and other gases, ohtaining a lwtter

agreement with experimental values than thar afforded by additive Van der
\\'aals' forces a10ne.

For shorr. range forces, Hosen6 using th(, valcnce bond method has ob-

tained formulae for rhe ratio oC tripk to pair-wise contrihutions for two types

oC geometrical configur;ltions of th(' Ile) system: an equilateral triangle and a

linear array of thrc(' atoms equally spaced. This problem has becn investi-

gated by Shostak7• who ('mployed molecular orhitals in this calculation. His

results, evaluated only for linear configurations, while in general agrccment

with RO.'.,;('n's conclusions, give increasingly larger non-additivc contrihutions
at shortcr interatomic distances.

TIIE NON-ADDlTlVI': POTENTIAI. IN TIIE lIe SYSTDI,
Hader. Beltrán-López and .\'ovar08. ha\'(' .lpplied {II(: Roothaan I.C:\O-

~10-SCFtlluhod. u.'iing the Polyatom program in rhe Basch illld Ilornback \'('rsion
for calculating the Ilon.••lddiriv(' ener,gy of three J1eliunl atolll ...• in s('\'erai lill('ar and
. ,
Isoscele,,> triangular.conCigurations. They u.'il'd a hasis ser consisting of rhe
oprimiz(:d ú s.(yP(. gau .••sians funcrions of lIuzinaga9 for lI1C lIelium atoms
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TAHLE I

Ener,ll:ic:!>of lincar cOllfi~ur;lli"fls, (a. u.)

R ••b ,md Rbc arc dj<;lanc("<; from ,'cnlral awm lO Ihe "tll('r ¡\\In

R Rbc TOlal cncrgy of TOlaI rwo.ll<Miy Toral Ihr("('-loudy ~ 011••"Id Iti \'C.,
dll' II("} "y<;tem lnteraction lnlcr,l,ctíon ellt'r¡.:)

1: f1i,'}) ~F.2 1:') 61:'1

Ra!> + Rbc = (,,0 af)

2.lJ '.0 - H.46u5,~6 0.11248'i 0,122816 O.OOOBI

2.1 3.9 -IU8H3R 0,099596 O,099t,115 O.OOOH'J

2.2 3.S -H.')01884 0,081156 O,081.i(,9 O,()UO\I \

2. ~ 1.7 -1L'iI(,ú'59 Il,O()6395 0,0(;(,6')4 O,on02')'}

2A 3.6 -H,'i2H370 0,0';4690 0.0549Hj O,OU02'H

'" l.' -HS\7526 0,045539 0,045826 0.UU02H7

2.<> ,~.4 -H.'5.i4'524 0.038'545 0.0}8829 0.oclU2H4

2.7 \.l -8.'54%70 0.OH40] O.03~(,83 0.0002HI

2.8 3.2 -H.'5"dI90 0.029883 O.OWJ(,~ O.U01l2HO

2.') \.1 -8.'5'i5240 0.027832 0.02811] 0.OO02lW

LO .l.O -R.,)'55915 O.U271S8 O.027Hfl O.OOOlHO

Hab + Rbr '" 'i.'i 'In

1.U 3.5 -8.4'5(,<)90 1).12')'51 'i O.I2(d(,~ O.OOUH.iH

2.1 ~.4 -H.4791,)0 0.103386 0.104203 O.lJUUHI7

U .'-3 -HA')(,(,66 U,OH'5899 0,086687 O.U007Hfl

l.2 -1:L'i10260 0,072327 0.07 3tJ9.~ 0.0007(,{,

lA \.1 -8,520502 0.0(;2101 0.0628'51 0.0007')0

2. , 3.0 - H. 'i27824 O.OS479'i 0.0'5'5'i2!:! 0.0007 ~4

1,(, 1.9 -H.'i'1'i38 0.0'50086 0.05081 S O.OOU729

! .7 2.8 -H.Hi846 0.U47781 0.048507 0.00072'i

R4b t Rbc '" S.O ",
2.tJ \.0 -H. i464(,J U.l J4Rlú 0.IY,~9U 0.U021l7.1

1.1 2.9 -H. iMd76 0.114980 0.116977 0.001997

"2.1 "2.8 -H.481081 n.IOOH2 0.10!272 0.001 <).HJ

2.7 -H ..19117.1 Il,U')0279 0.1)92179 U.UOI')I)t)

2. 2.6 -8.4'J7068 U.OH4-l0!:! n.08()lH'i tI.(WIH77

n 2. '.i -H.'1')')006 tl,08248H U.08.B47 0.001 H'i')

R,,¡, + Rbc- - í.<;

"2.1) "2.'5 - H..1r 'iH4.¡ n.lú2709 U.167'iOH O.OO.F<),)

2.1 2. '¡ - HA2')1 51 tl.149'i(J<) 0.1<;41U1 O.OU'l(,')~
2"2 2 -H .. ¡'<;677 n.14W3(, 0.147{,71> O.I)(J.j(,.jO
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plus 3 p-rype gaussian functions of exponents 0.25,1.25, and 5.00 ro account
fm rhe deformarían oC rhe ehargt' c10ud in rhe lIe, and lIe systems. Thi .••.,
basis set, while abo\'(' rhe lIanrcc-Fock limit, is scill good eflough foc extra-
poLHing ..•afel}' ro ir throughout [!le range oC distances (mm 2.S a ro '5a .o o

Bcluán-I.ópez ami ~ovar()lO nhrained an approximate {'Ilcrgy surfac('
fm [he three-hody pan in (he !I('3 hy plotting poillts caicuiated as abo\'e,
plus 0[11('[ ••• (nuntI by linear interpoiarion. TIa'ir resuhs WCfC prescru<,'d as

potcntiai surfa<."{'s for linear and isosce!<'s tr¡<Ingle configurations. Ont.' of

OUf obj ('oi \'(':-;in th is work ¡s til(' ca lc-ulation of mOfe accurat{' potencial surfaces

fm linear and isoscclt-." triangle.s and oeher configuration .••.

Li,lear Conjigurations.- The potential surfac(,.' for linear configurations
ohtained by Ikhrán.l.ópez and .\'o\"aro presents certain "wiggies" which where
Ilot expec('d hu( could noe he ignored in \"iew of th(, resu!(s found by in(er.
polation.

\\'t, investigated (he reality of these "wi~,glcs" by increasing_the density
of ca1culated points. rendering unllecessary dl(O in(erpolation of resulrs for
obraining (he energy sudace. The resuits rhus obtained are presented in
'rabIe 1 and Figure l. In titese i( is scen thar the correc( duce body cnergy

'fRab la u I

Fi~ure l. Equipotentials of (he non.additive ener~y for linear confi.':ura(ions
of the He

3
sp;(em 11
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for a 1 incar configurarion is \'(:'IY nearlv a fUllcrioo of the sum of the distances
helWl"en atoms, i.l'., tite {~quirotentials ,H(' -,ery nearly straigth lines.

:\11 analy[ical equation which ciosely fits our resulrs has heen obtaincd
by {he fT1('thod of I('ast squares. This (.'quation is:

wherc Rab and /l,)(" are the distances between the outn and the central atoms.
This expression i.<.;useful for thl.' calculation of other physical properties
such as the third virial coefficil'!1r. In Table II and Fi~ure 2 [he \'alul's gi\'cn

TABLE 11

Approximate lIo[l-addiliv(' ('[lt'rgy of linear confiituraliono;; calcula red

by usinA the cmpirical equario[l:

!J.f:] = 21.019424 ('IP {-UI783606(R"b + 1%(')]+,
+ [0.003630/(R"b + Rb,) -0.000'5B8](Rab - Rtx--)

R" Rb, ÓI~] R,. R" óp.
3

R"h + Rhc::::: 6.0 2.J 3.2 0.000744

2.0 4." 0.000336 2.4 J.1 0.000721

2.1 .L9 0.000323 2.5 J.O 0.000703

2.2 3.8 0.000312 2.6 2.9 0.000692

2.J .'.7 0.000301 1.7 2.8 0.000686
2.4 3.6 0.000192 R"b -+ Rbc = '5.0

2.5 J.5 0.00018'5 2.0 J.O 0.001891

2.6 J.4 0.000279 2.1 2.9 0.001841
2.7 J.) 0.000274 2.2 2.8 0.001803

2.8 ~.2 O.OOOliO 2.J 2.7 0.00177';

2.9 \.1 0.000269 2.4 2.6 0.001759
J.O \.0 0.000268 2.5 2.5 0.001753

Rab + Rbc = S.'5 R~b t Rbc = .i.;

2.0 U 0.000847 2.0 2. '5 0.00.1'534
2.1 1.4 O.OnORO! 2.1 2.4 0.00'150,¡
2.2 L~ 0.00077' 2.2 2.) 0.')0441:1"'



306

00096
11E,
rau.!

González and Beltrán

I
O_OIlU~

0.1024

2' l,J75 2.75 3.125 l.' 317$ 4US .,
Figure 2. !':on-additive potenrial ener¡li\:}' surface for a lIe.) system in linear

configuralions, as obrained by using (he equation.

6£, = 21.019424 exp [-J.8783606(Rab + Rbc)]+

+ [0.003630/(Rab + Rbc) - 0.000588] (Rab - Rbc>'

by equation (1) are compared with rhose ohtained-with Polyatorn. A comparison
of OUt results with Shostak's results is ma.dc in TabIes III and IV and Figure 3
and with Rosen's results in TabIe V and Figure 4.

Isosceies Conjiguratiolls.- For isoscclcs triangular configurations, we find
a smoother surfacc than rhar obtained by Beltrán-López and Novaro. This
is shown in Table VI and Figure 5.

We have also calculated rhe non-additivc energy for isosceles rriangular
configurations of constant base and varying sides. TIle results as a funeüon of
the lcngth of the {WO {'qual sides are shown in Figures 6 and 7 and Table s
VII and VIII. From {hese w(" see that the non.additivc energy deereases
from its zero value a{ R -- OQ, to a minimum near R = 3ao froro whieh it inereases
agaln. The non.additive energy is then secn to eontribu{e {o {he .stability

of certain geometrical eonfigurations, whereas others, sueh as the linear
configurations, are made more unstable.

A comparison of our results with Rosen's tesults is made in Table IX
ami Figure 8.
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TAIlLE 11I

Comparison of our results for non~dditive energies oC syrnrnetrical
linear configurations and dlOse calculated by Shostak7•

Rab = Distance between the central and the outer atorns

Rab Shostalt. Polyatom
non.additive non.additive

energy energy

1.78 0.121646

2.00 0.010870

2.37 0.018559

2.50 0.001859

2.96 0.000048

3.00 0.000280

3.50 0.000039

4.74 0.000000

TAIlLEIV

Comparison oC our resuhs Corthe ratios of triple to pair.wise
additive contributions of symmetricaI linear conCigurations
and those calcuIated by Shostak.

Rab = Dislance between the central and [he ouler atoms

Rab SllOslak' s Polyatom
resuhs results

1.78 0.260629

2.00 0.044623

2.37 0.180035

2.50 0.022538
2.96 0.001789
3.0 0.010310
3.50 0.004479
4.74 0.000000
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Figurt> 3. Comparison of oue results foc rhe non~addiri\'e ener.':ies of
symmetrical linear confi!,:urations and (hose calculated by
Shos[ ak.

TAIlLE V

Comparison oí oue results (oc rhe rarios oí [ripie to pair.wise addirive
contribmions of symmerrieal ¡¡nl'ar configurations and thOSl' calculared
by using rhe Rosell's formula

Rab = Distance berw('cll (h(, central and the outer al,lms

Ro. Hosen' s PoiyafOrT.
tl'SU!tS resulr ••

2.0 0.049906 0.0.14623
2.S 0.0133.\2 O.022)~A

3.0 O.003S61 0.010.\ I O
3.S 0.0009'51 0.004479
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Figure 4. Comparison of our results for the rados of triple to pair-wi~e
additive contrrbutions of symmetrical linear configurations
and those calculated by using the Rosen's formula.

TARLE \'1

Ene'¡cies ni so•••t isn~ctl"5 rri.ln¡cul", configurar",n~. lol. u.)

1.,'n¡.tlh of 1 ('n¡¡lh of Ttlt,,1 <'IlC'¡CYof TOlal '''''Hobo.-!} TOI,.! lh,c ••-bo<ly N"n-",tdirivt
,'<¡ual ~jdcs Ib~< 11,..11<-1 ~y~l•.m ,nl<'Co<cllOn "'''',acUnfl "n<"¡¡:Y

R , I'flt<'ll 1"1 F t-.f:J,
Ul 2.' -!l.~2744H 0.0(,\700 O.l)~~90~ _O.OU779\

, .8 4.8 _I:I.HOR~I O.O-íl(,('(' O,f)42~02 .O.OlJOI62

3. , \.\ -H.~(,44"1:I O.1)2{j(,~O (J.UlI:11:17~ _0.001175

.L7 U _I:I,~7~h4~ O.U01:l219 (J.tHJ171l1l _1J.('UIl~11

.1.; 41 _IU7H2~ n.UH6\:J4 1l.()0(,1J211 -11.0U0296

4.1 '.2 -I<S;'\614 O.01N971 O,O(~)759 _O.O'lO2~2

4.6 2 ..\ _H.~19qO 0,0(,.'19.1 1l.I)MIl2~ ~O.OOO271
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Figure 5. EquipOtentials oE che non-add-iti"e enersy foc isosceles triangular
configuratiODS oE che He, .ystem.l1
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Fi¡l2;ure 6. Non-addirive energy oE isosceles triangular configurations
with base constant ae 4 a. u. •
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Figure 7. Non .•additive energy oí isosceles u¡angular configurations,
with base constant at 5 a.u.

TABLE VII

at 4.a. u. Enerllies 01 isosceles uiangular configurations, ••..id1 base constant ar 4 a.u.

Lcngth of Lengrh of Toral enqgy T01alr ••o'body Tur••J rhree-body Son"lldJitive
equaJ sidc5 ba"e "f 1he lIe, inrerani"fI inccrac!lon enc'lIY

l>y"'tem
R X F.Ules) lF.2 R, ó,f:,

2.0 4.0 -ILU8887 0.243~% 0.2~4466 0.010870

2.1 4.0 -H.,HI704 0.1970'JH 0,201649 0.004S'i1
2.2 4.0 .IUBOOO 0.1~9l10 0,1603'i3 0,001043

2.' 4.0 -H.4~'i'i3'i O,1286'i0 0,127t118 -0.000832
1.4 4.0 -H.481295 0,1031108 0,102058 -0.001750

'-' 4.0 -H.WI7,)8 0.083712 0.OHI,)94 -0.002117
3.0 4.0 -8,,)%2~0 0.028')0') 0,027113 _0,001 \92
4.0 4.0 -8.~79480 0,004068 0,003873 .0.00019')
'.0 4.0 -fUSI77') 0.001599 II.Ulll ')78 .0.000022
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TABLE \'111

Fncr~ic~ .lf ! ••n"ceie<; trtan¡l:ular confi~ura(íon5 wi(h basl' con<;rant d.t '5 a.u.~~--_.~~_.
R X E(He

J
) 'iF2 E, 6.F3

l.; ;.0 -".499006 0.0824g8 0.u8.1347 0,001859
l.ó ).(1 -H.)16I4~ o.06<.í 242 0.06720< 0.0009(.1
2.7 ).(1 -8.529796 0.0;31,i2 0.053557 0.00041 S
2.8 •••• t1 -8.540669 0.042588 0.042684 0.000096
2.9 'i.n -8.'i49331~ 0.034096 0.034017 .. 0.000079
.1.0 ~.O -13.S')624~ 0.027271 0.027104 -0.000166
4.0 '>'0 -S."8lJ~81 0.002834 0.002772 -0.000062
;.0 '5.0 -8.582996 0.000365 0.000357 -O.OOOQ09

TARtE IX

Comparison of OUT rc!)ults fOf [he rarios of triple (o pairewisc additive
conuibulions of equilateral triangular configurations and rhose ealcu.
lated br u.••ing the Rosen formula

R = L~ng[h of sides of equilateral triangleab

Rab Hosen' Polyatom
re..-.u!ts resulrs

2.0 - O.!58780 -0.185692
2. ') - 0.096787 -0.146629
2.8 -0.071917 -0.122339
).0 -').058999 -0.106961
.U -0.043839 -0.085860
3.5 -0.035964 -0.073589
_~.7 -0.029504 -0.062173
.LO -U.U21Y23 - 0.0479.35
4.5 -0.013363 - 0.03081 9
5.0 -U.008146 -0.024590
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Figure 8. Comparison of our results for the ratio s of triple to pair ..wise
additive conuibutions of equilateral triangular configurations
and those calculated by using che Rosen' formula.

ScaJene Con/iguTotions.- For scalene triangular configurations, we calculate
the non.additive energy as a function of the angle between two sides whose
lcngths are kept constant. The corresponding results are shown in Tables,
X, XI, XII, Xlii, XIV, XV ami XVI and Figures 9 and 10.

Axilrod' s long.range formulae predicrs posirive energies when one of
the inside angles is grearer than 117 ~ From our results at shorter ranges we
find that, as R increases, this critical angle decreases from 1280 at R = 2ao
towards Axilrod' s value.
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Energies of scalcn~ triangular configurations Wilh [wo sides Constan( at 2.0 and 2.0 a.u.

Rab, Rbc and Rae are (he lcngrhs of rhe sides oí rhe awmic triangle

Rab Rbe Rae ROj e, ) kR, F.
J 61',

2.0 2.0 2.0 -8.287465 0.363360 0.295888 -0,067473
2.0 2.0 2.5 -8.34179l 0.282418 0.241562 -0.041856
2.0 2.0 3.0 -8.348048 0.255815 0.2.35305 -0.020510
2.0 2.0 3.5 -8 ..339750 0.246592 0.243603 -0.002990
2.0 2.0 4.0 -8.328887 0.243596 0.254466 0.010870

TABLE Xl

Encrgics of scalenc triangular configurarions with (\VO sides Constant Uf 2.0 amI 2.5 a.u.

Rab Rbc Rae l'(He,) LR, F 6E,.,
2.0 2.5 2.0 -8.341791 0.282418 0.241562 -0.0418,){¡
2.0 2.5 2.5 -8.407598 0.203476 0.175755 -0.027721
2.0 2.5 3.5 -8.423550 0.166654 0.15980.3 .0.00(,851
2.0 2.5 4.5 -8.415844 0.162709 0.167508 0.004799

TAIlL!. XII

Encrgics of scakn<.' triangular configuralions with [wo sides constant at 2.0 and ,.0 a. u.

Rab R¡,,~ Rae E(Jk ) 2. El F 6R,, "

2.0 .3.0 2.0 -H ..14HOI¡8 0.255815 0.235 \05 -0.020510
2.0 3.0 3.0 ...•H.'í4'i'5A6 0.148262 O.1377G7 -0.01 1495
2.0 \.0 ¡LO -R.IÍ.'Íl)4'50 O.I_~(iO'51 U.Pd9ll3 -O.OO2l.íl'l

2.0 3.0 4.5 -8A.i7841 0.13510(, O.U'S511 U.OOO40ú

2.0 3.0 4.8 -H.4/¡{¡'J5() O.I.HH95 O.I~(d97 0.001502
2.0 3.0 5.0 -tL4.'Í{),1ú.j t).J1II¡RI() O.1.,()H90 O.OO207.í
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TABI.E XIII

Ent'r~j(.s oC scaiclI(' triangular configuratiolls with two sid(,s constant al 2.0 ami _).'; a.U.

Rab Rbc Rae E(J"',) :SE, E 6E,,
2.0 \.) 2.0 -8.Jln~0 0.246592 O.2,B(,01 -0.002990

2.0 J.ó 2.~ -8A2\~~0 0.1666~4 0.1~9803 - 0.00(8)1

2.0 ).5 .1.\ -8.4'57296 0.129821 0.126056 -0.00.1786

2.0 3.5 .Lj - 8 ..1\8098 0.121884 0.12\2\5 -o.oOO62{j

2.0 .J.\ \ .0 -8.417472 0.12\\94 0.121881 0.1)00287

2.0 .'-5 lA - 8.417070 0.12\519 0.126283 0.000764

2.0 l.\ 1.1 -8..1'56990 0.12\511 0.12636l 0.000848

'1ABI.E XIV

En<:r~i{'s oC scal('I\(" triangular configurations wilh (WO sid("s COflstant .lí 2.0 and 4.0 a.u.

R'Jh Rbc R EOle ) :SE, l' 61'
ac , " .,

2.0 4.0 2.0 - B.)l8887 0.2431% 0.2~4466 0.010870

2.0 4.0 .\.0 -8.149450 0.116011 0.13.\903 _11.002148

2.0 4.0 4.0 -B.460HI6 0.12\832 0.122\)6 -0.0012%

2.0 4.0 (l.O -8.460116 0.122481 0.122816 0.000J.\2

TABI.E X\'

Encrgit's oC scalel\(' triangular configuratioll ...•with {WO sid(,s cnnstanr al 2.0 ami 4.'5 a.u.

Rah Rbc 11 1:(11(') ~E1 l' 6E,
,le

.,
2.0 4.\ 2.<; -8.41184.\ 0.162709 0.167'508 0.004799

2.O 4.1 1.0 -HA/¡7H/¡1 O.lll 106 0.11\\12 O.00O406

2.0 ,Lj J.I -8 ..jI809B 0.121884 0.1212\5 _0.000629

2.0 4.~ .1. ~ -HA(,IH41 0.121942 0.121 ~ 11 -0.000432
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~{ln"lddi(iH~ t'Il("fJl;ie<; of scakl1{, triangular ctlllfi~ur<lti(Jns. Rah, R
bc

and Rae an"

che J('l1,R,th•• "t dlt. "id(,s of dH' ,\lomll' trían¡zlf" 6.E~ is tl1(' n{lll-additiv(' enl'r~y.

--~~-- ---_._-----------------------
Roh "h, "o, b.,: 3
(nn,>(ant ••id.'" "" 2.'530 & 2.10

'-' 2.U 2.0 - 0.0.4 1 R"i6

2.'5 .2.0 .2. '5 -1!.l117721

2. ~ 2.0 3. 'i - (j .(JII()H'51

2. '5 2.0 -1.'> O.(J().i799

COIl'<t:lnl ..•¡de' = 2.'5ao & 2.'ian
2. 'i 2. , 2.0 -11.027721

'-' .2. 'i 2. , -0.01 H11 'j

2. , 2. , 1.0 -0.010943

2. 'i 2. , l.\ -(LEIlJ'i7'iO

.2. 'i 2. S ,1.0 -O.UOll 17

2. , .2. 'i ,., O.UIW\32

2. , 2. , '.0 0.0018'59

COnstJ.flt "id.,,, = 3ao & 230

~.0 2.0 2.0 -0.020')10

3.0 2.0 3.0 - 0))1 049';

l.O 2.0 '-O -O.Ü02148

.3,0 .2.0 ,., 0.000406

\.u 2.0 4.B O.O!)I S02

\ .0 2.0 , .0 O.()()2074

COflS(;¡,nt "id{,,, = 3ao & .2.ho
\.0 '-' 2.S -0,010')43

U) 2. , \.0 -O,O()Ú924

\ .0 2. 'i ,., Il.OOO7H

( Iln'ddrH ••idc"" = ho& 3<10
\.(1 .3.0 2.0 -U.OI049')

'\.1) .3,0 '-' - o.tlO(,n4

UJ \.0 \.0 -1).01)-) ~')6

\.0 UJ U -0.001')H2

\ .U ~.() .1.0 -O.UI)I \91

\.IJ \.0 -1. ') -O.OIW642

\.U .\ .0 'i.0 -0.0001(,6

\.u I.U ,., O.()OOII.,

\.0 \.0 (',0 o.onOlHO

"oh Rbc "., 61

(0I1"'Lml s¡de •..= 2.')"0 & .~ao

l. 'i 3.0 2. , -O,OIOlH\

2. , 3.U UJ -0.0()(,9H

2. "i 3.0 ,., 0,00();'4

( on"'I,ll11 side.' '" 1.';a & 3. ';,Ir)o
.2, 'i 3. 'i .2.0 -O.OO(,H'i1

2. 'i U l. 'i - O,OO';;';[)

2 .••• 3. , \. \ - O.OO14fl';

2 , j. , ('.0 0.0001H7

(.on<,fanl sidt .•.. '" 1.'iao & 4aIJ

2j '-O 2. , -0.()O2l17

2. , '.0 .1.0 -0.0008';'1

( "nsf..lnl ••iti("•• 2.Sao& 4.'iao
2.\ ,., 1.0 0.00-17<)')

2. , ,.\ l. , O.OOOH2

2. " -.í.,; .i. 'S -0.OOOlH4

( 011<'l,ml sitil's = bo& "ia
o

\ .0 .\. 'i LO - 0.OO.2"iH2

LO U l.\ 0.010704

COn<.f,ml sid(" s ~~ao &: h,
\ .0 '-O .2.() - 0.OO214H

\.0 4.0 \.0 - 0.001 \92

'-tI 4.0 .1.0 -0.000"i41

\ .0 '-O ,o -0.0001';3

Cnn ••l,m( sidc _~~hr¡& 4.5ao
\.lJ 4. , 2.0 0.OOU4U(,

~.lJ ,.\ \.tI - O.OOO(>-i2

( """I,'nl ••¡de<; ~\.10 & 'Sao

\ .U '.0 1.11 O.01J207.:i

\.0 '.U \.0 -o.onor¡,(,

LO '.0 LO -U.lJOOJ 'i ~

Ul '.0 'S.o -O.UOOO"iH

( on"l.lnl sidc •..~\.10 & .5,10
\ .(J ,.\ 1. S O.lln07 \4

\.lJ ,., U) U.OOOI [~
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-111

-t "S
\

constant sldes
2and2

Fijiture 9. Non-additivc enerjity
two sides constant.

of scalene uianjitular configurations
Here one side is always equal tú 2

with

"o'

1

--t
R~

""'

Fi¡iture JO. Non.addi(i\'e energy oí scalene uian,li\:ular configura(ions with
(Wo sides cons(ant. flere one side is always equal to 2.5 a •

O
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RESUMEN

Se calcula el potencial no aditivo de tres cuerpos del sistema lfe
3
para

confi~uraciones geométricas lineales y triangulares en general, usando e~ pro.
grama Polyatom, hasado en el método LCAO-MO-SCF de Roothaan, con una
base gaussiana formada por 6 funciones tipo "s" y 3 tipo "1''' para cada centro.
Se presentan tablas y figuras con resultados numéricos para configuraciones
lineales lo mismo que para triángulos isósceles y escalenos. Se hace una
comparación con los resultados de otros autores.


