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Inter- . and lnt~tomic correlation Bnergies 

and .fh!!n ct ""eore-role:r1zat1on" 

01ttt\t &s~u 

Depal'tment ot Cb~ and Lavreuce ll$.diation LabOratory 

University ot California, Btn'l{.el.ey 

A t:ic!RIDii nm 
A.(,jU,>UW\Ani 

A pnetall&ecl secoDd oi"4er perturbation treatment based on the use 

ot all .Slater detem:i,uants that can be :tormed from a complete On$ elect­

.~ beais set i.s s1wn for a 11\18.111 electron system Vb,oae •ere order 

· wve function 1a a. ain&le cleterrairuMlt ot Martree-Poek (R .r.) orbitals. 

\l'he· correlation en~&Y' ot the system is l:troken down into the energies 

ot :p&J.Z"s of elect.l'Otl$ incluaina ~e.. Also some ~-pairwise 

.wt~tve tel'II\S li"ise which repre$ent t1le etr-eat of the other electt"'rlS 

on the eariJ ot e. corn:lattq pe.1r oo. account of the :Paull exclusion 

pr.inc1~. AU enu-Q components are written in approximate 'but closed 

toms !rtVOlvtng OXll¥ tha 1n1tiall.1 oc~ted :a.r. orbitals. Then each 

te:r:m acquires a aiaple physical ibte~te.tilm an4 becanea ~table 

fGr Bellli..PlriceJ. Wlage. The treatment is applied in aetail to two 

pa.1't1c.ul.f.t.r problemst a) the ~lat1Ci111 eaerg between an outer elect• 

ron in any excited state au<\ the core electron,, 676• in the L1 atcla, 

a repJ"eauted by a ~ratial actina 0n the outer one. 'flUe :po\e11tial 

caa lMl re~ u the metU1 ~ fluotuatton ot the Hvtr&e-rock 

potenti&l of the, con, &114 --~ e'V'Q• When the outer •lectron pene-

1u."Atu into the t»l"•. the ~ tw.les ot some of the correlation ef'tects 

are cal.ct.ilate4 tor t..io b) Stert1~ ti'Qm a complete one eJ.eet:ron basis 

en ot f.KW MO 'e., th• energ of e. mo1equle 1.6 .separated into thoee Qf 
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. ( eont1nUed) 

srou.Ps . ot el.ectrons ant :s.nm~l-~ul.ar dispe1r~.ton torcee acttng betw'Hil 

tl)ese ~· !he a$8Uiipt1ona that tire us"-UY .~ :to. t\!acuQing 

U.pen1on torces &.t .noh abort tiataneea ere ·\bell. ~ove4 ~ aenerally 

~licable to~ _. &~;ven. ln the laet tte~ioa ao,me. three or mor~­

e+ectl"'ll· ~lattoll tffecta, and llra1 tationl inberet1t in the u.ee ot 

.... electron~ ·hnct.ions" tor overlaw,Ul$ ayatems are 4UW.H4o 
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.. f ~- I~troduct·!Ajn '. . . .·. · . 
·\.;.-· ·· 'Al~ ~:--~..,_.,a~ ·~•roa •Tstem ta well appronm,.ted 

··,:--.:~ · · ·· -·~: .. · :. ·. ·- · .:. "-_ : ... 1~a. .. . . . _ 
_ , ... 'bl .. ~ ~~-(J& •. f.) ~~ · tb.~. ~~~~i.e. the difference 

• . ~ • . • • •. ·, ·' ' .. . • .• ,' ' c • 

. • •' 

•' .. . .... -. 
1 • '. i), · :.: (' ,.; {.dx 

\,'> ~ '• 0 L '; ',' ;• :.. ,, 

· ·· , ··::< .. . .:.;;,!,~; _,.. -~ .. "~l: •(0 1:: ~~ -!Q~-.\® 19£/ttom~e J~ot~~·· 
' .... '' : ' '· •' : ' ' ' .· • -' :_' '·. ': \ ; ·:~. !. ; ~ ~.. • . . •. : . ' ' ' ' ·.' .. : ' ! ' ' : ·, : ; ' ' ' . ; ' . '' 

· '- .. ·. ·. ,. .:·· . ~ -.f! ~t ,.Ia.; ~~-. l9ftl;·. fli14. · ·· 

• ':,;':.·· 1i~i·'~,!~~~e::.~t~V•l· n, ~ieaqe 
. : :···<·:·:>·,~·~:·:£,~;?, <.~ ~:< ~· . .:·_: ·.?::;:··. ~' ' ' ' .• .' ' ' 

__-, ·. ,,· -~ .-, ~-~~fJ~.ftelJl_(SO.) .~.t- elu,tion t\M the 

·- ::; c . ~'-a.l~:O. et -~-- -~i -~-rrm •·te+tl~1Vt-$tic hsmil~aa, 1s uuall; _._, :::,_-' .-· ~~ t--·-: • Q-~---~~t~ ~1tLae. ·. fl'hts e~r, .Uess 

. .: ... · -:· -~- SUU~ecl~ wiU -~ t .. awe·-- th• ~c!n defWtion2 of 
'• ,.. T't, ' 

-~-~ ~-·.,...ac.te $0l\Rilml$ • ·~ ue 0t ·ilcozxrtgumtton-

14~1,:1-_,-. I; •• ~. ,~tO!t. c>t tt. ---- -el~~ ·.ewe function in tel'mS 6t 

· .. 

c' 

...... i 

~p.c-.J ~aM~* r~ feat..,~ fellow 195~1$160 .. 
. ~-· ' ~: . . 

'· ; ~ . 
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a -.1s s.et ot one eleetren ~ct1oas. 2 bputen nq.r a.ll.cw Dnlcl'l progress 
' 

. 1\'tl" simpler a1a~ (e·J· aoleeliles from·~~ tu~ rcw of t11e periodic table) 

1.n spite of sl~• e(J4VerpnuJ ~~l•ss it u desim'b.le and ottea 

. C4CU$Uf tG use _tti!. fotmal att"tit:t~ ot (\Uallt\IJI't meeh$n1es to de'"'lop 

aeh.ealea thAt a.re ~1$ to s111pl.e physie&J. ~te~retat!cm &Ad e;eneJ'allzation 

·as veU ·,q t~ well .tftfiDed a8sl:1 .. ~tcal.•tho49 :rer c~licated systeal$. 

--. auh s~ t6r tJ"e'attne e:ertatn ®x-rel..atioa ettects that ts ot 

1nt~. fi'CIIt ~ -.peott baa a:t:l•,n la the theoll'J ct atomic spectra 

~,the l'l8aDe ot r. cere ~1satteA· nl tn a.lkali·Uke c:.ont~ions 

most o;t1~ i~it1Cln8 ouur bt t!i• exottation ot a 9~es" ele(ltt"'n 

·(!Nts14e an ~r "em.- -Vit~S • ~pn .. 4Jm epeetNUl. Al~ a • .r. 
set· me~ tal.es t:he averap •me~ 1/tt the o\ttor orbital on the oore into 

- ' 

ao«:Gl81t., _the eorre~ttou be~u the 1ns.t.a.nttmeQus posit1cm of the series 

el~ ~d the co:re la not tnci~. As ""' ·a'ball eee below 1 1 t has 
~ '. 

l.4:Jai& bee ~t that tlda ~'tt.oa. e.,_ can 8 repres$1ted bf. ali 

ad¢itlC>n~Lf ette~tlve )?Otcm"1~ ~Ui& Oli. ~ out$1." eletctron. Such. e.n 
.! • ' ' 

a~h otfeh ~n.l Uvantaee8· .fi'Om \be· aem1..o-ineal. point ot view. 

~~ thts ~S;al can be ·-~~ ~- ·the tint few obse~.rveO. level.JII, 

th$n \onelatlqn,. <:ernc~ons ~ h!pet' level$ ea.n b& obtail'l..ed' 'by takin$ 



' ,, 

c , __ .,. 

.": 
r.:· __ ·:··., .. .-

~ •' , 

· ~tempts thl.t ~· ~ :·...- at $~ina aui:ll • ~teu.t:lal .-. ... 

~1ri~e.;u:y. !'bet font ~·· .tllta "'•tci&l. at 1~ aep~tion.e ia given 

w - A}ra..~ vita. ! ~~i~ tG ~ ~~,U~ty ot the inMr ee:n; 

N\4 r the Uat:~ .(1,! the $el'1ea e.l4cVG.b. ~: the nucleu&., as ean be '·. 
,.,1 . i: ;. ...... \ . . ' ' . . ' . ' - . 

. ' '· 

;,-.. 

$e8Q. trora • Ql~saicai · :a:rgdent • Se~ra.l. Cl~WA Q11ta1Wli4Al den:vatio .. 

.. :~ been fl.~ tor thit, :.n•UJ. (sn h~tton. li) 1 but i+heee ali 
. ·' . ' . . 

; tet.ulrfi· the. Ollt&l! ~feet~ to ~ tar t~ the core, 111. h1$b, ~non-

.: .. f ·-Je~r$tin.8" ~i~; _. Oliit V$1'1o\W -~.- tifr.ets. The need. for 
-~ ' I . ~ ' 

.; · · . ·the e~ti~\~ 0r tM fOi.m .• aiii f~ibU!ity Qt $ pOtential tor penet.te.t1q 

.. ~taUt au·.-~l~ b¥ ~trte:1'4 . ~a ~ed ·~oomes.most aou,~~ 
' • • < ' ._·, ' ' ' • ,. • 

.. '.·' 

,, :-. :~ ; 

. : '.·· ·' l»e~ .iifie a()Nit it»¢ ·~ ~MG elect;~ ean 'be ~ta1aed wtth ·tao nae 
-

~. : · .. 

. · .... 

· •t ~ ~tot~. ~~· ·n. atGmie •,.et... ,aueil. ac sppli.Qatiou is also . .. '' ' j. . --

~U$4 ·a the ~ ... !4~,. ~t1on5 i'Zt e-rpiUa aol~ulea • 

·A V&'q m.o.Oh ·. rel&ted · pt'Q~- ~wr1•· tM Of>~latton ene~g be.,ea 

e1ecto:ii'Ou groqs wb.t.ch • be oou~~d w be :.eent.~ed around IIU'feriilt 

·!lUirl.et~. ,At ~· 8frPUI.~'UlA$, tbie- oortel:at1.Qn enug l.e~ te> the 

tatnillar. ~ ~~ion" att~~6,7 betweea two atcaa .:t.n thet:r 
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;· _· .. ': ·: ·~>: ; . ' .. , . . . . . ' . 
•· · ·· -~: _ · · ·.~ .. ~.. (In thiS: ~~ ~ above; ~nltion of "cwrel.ation energy" 

.~··.-

T '-:::•, 

. ' ~'._; . 
,. ··; ... 

0 ;~-~ ~ :~:' ... ~·- R ~ ~ ,, 

,. 

' • '\ ' M 

~i• ·~ati alte.rd.,· but "U,tl ~U~ it ib. electrons ot one ayetem are 
.. . . 

~at~ ·t.o ,.ov:e .in thQ eelt~~stpt fl~ldef the other.) The 

Uri'f~t- 91 ~-•v• .aJAe ttc. req~ the atoae to be ncm-

oYtj<lapgt~C ~ --- 'USe ·ot 6·.~~ttlU)ole e~ston Gd taking only the 

tSlJ0~-:-11;~.• W.JU :bl'\0 ~t u¢eaeitat•$ the atoroa to be email 
. ~-; :. ~. 

· ·:> . ~ ·.~ t~.s:t- ·t:ate~:lear 4lii~H# !~ '.ale ~t'anee of London 
'; ... ::,:::~:, '· . . . . . 

~· t_·'" ~ · · · · i~ ~e n<>t· OU1J at ·iwae s..-ti®:l, 'tNt . .,.a wi~hin the various 
t.l:_., .; . ·' . • . ' . " • . ' 

_ ... _ . .:·:''.: . ,· . 
. -·. ·r._,; __ : ... ~~;~~~;~:--· 

.. ,/ 

. '. . . 

.. 'f. . -~ . ··: . 

._::.;. 
·' . . .. \ 

.. , 
'i 1 

. . 

.. . ..:· 

'. 

resio- ·ct t~ .- ~ul• hM\ also .,..n teo¢~~ed an4 h&Ve. bee». ~ed 
• .. • ~ • < • • 

te ~~tt ~· ~~1don energtee~: ~ .ttJ.e lone~ electr®• 

·· .s.·ihe ~gea·•nu w~1oi~ •ttt.e .~lit~ energ variation 
' .. . ' ·' . . . . 

'· . ,: 

. . ' 

···e. ;C~:$~ 'Pit ... , ~~.!11.~~:~ l!i"•ica1 Vol. Y, lnterset~wae 
.-t. \-' ~ ' . . ' . . . . - ; . : 

··. M~_..· .. JW.•..;;.. l~.," ~.·~a tt. 
' : ~-·· ; ' ~, __ .\~ . _&¥~ 1117: , .. 77" J 

. . . .,. ~ 

~- Gt t.Dner~ •b.flll. ~tone b7 etre~tive ;pot4tnt1als . . 

'¢Jlc~ ~ t1>1 ;!:) ~- ot·~1~~;1~ at abort <U,stances; 

'.~) ~ ot ~~ .~) )qieot •t. ~~l~n" ot certain VirtuAl 
• . , ',.,\.· '•, •• • ' ..... ,. ,.. ., I ~~ , 

t*-1~'tRW of the ~.l.at~ elt~*• ·w le.ls ~ oct!Upie4 by 
' . r,-" , , . . ' , 

. ·()ta.f· ~--tf$-j ·. 'aQd. a.i v • .:.• tit'f~t b$fJis sets :f'~J" titterent electrons 0 

' ' •. .' . 
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. ', ·-

.·-, ')':-·. 

,1 :·, 

~. '. ';: ~ 

., 

. ' 

-1-

'. ', 

9·'. e. A .• c~, in:--:·~---.. ·~~~ »•±a~, JJ51, 
PeJ"&amem Pres# trw l•i'k (~959h P:· ~9 

., ·;, \~.~ -, .. : ... 
• ~~~ · b~~ the t\J'o pri)~ ~tot ·above UCQ~Defi !liOre apparent 

·.·. ' ·. .. .··· . ' ~ ·· .. ; . ' 

·;mea ·the o~els.~ten en&w h~ two~·~~ e.tMus is writ•n 

· *•il8il' to an etf:ect1ve; potetJ.tJU Wi~u' -.nna multipole expuaions, 
i ~ ' . 

u ·will be $hcmi ~ ·t.M last .. aetltioa. of•· 't'.l:li~~t ~icle 01' ~1 rtew:t.ns thfj . 

"c~i'tfala:tion energy" be~u· c¢)-~tric ~U. M a Vander· W~ls' ~ 

like ~disperet.O~· •• ., •. - ~ta v~ W,; ire9entl.y be~ taken by 

•p\teeq who ~~ hi.G ~~iment. ~a a.ati.;.~~tri&ed ~ots of many 

ele.atrda 8J;'OUP ·turu.r~iens $~a.t,ying ge~h4, ol"tMgp:nall tr eondi tiona. 10 
• • • 1 • 

' ' 

and do nGt clrc~t. .eome·-.f ~ 41tt1e;ul:Ues. eireedJlu~d. 
. . ' 

eornlt4t1on e~ts .~ &. ~t.\e<1 poS.at ct view, in the next a~ction of 
' \ ~ . ' ' 

this article ve shAll pw a 89Jl.E!raltzed· ~4 order pert'urbat1on tht!lory 

et a tDmlY elee1tron •7$t. ~-e are .~ ~ ~ti:on 1$ a aiggle SlattU" 

4et~rm1n~t ot ~l'«e .. ,oc;k. orb1W.U. The. a-rt\lt'be.tion method Will be 

baeed en the u.ae of aJ.1 ·~o.rde..ea eonti~fo-tione" that can 'be fOl'm!!td :fi'Gtfl. a 



' ' 

.... 

' 
(' 

• : # 

,.· 

. . 

. . . a . .• 
~lete .one e+ectwn be.&is set. . ly a. $ff1i$ati.~ clas$1f1eation ot all 

_the rtrtual t~~tions ~ent.4 by th.eee "pr&&rea conti~Uat!on.$, n 

t~ ·eol'Niattc$ energy ·of a Sf$tem vi~ »e.~cken down ato. eie~ron pair 

aonoel4t1®1i ·~nolu~i~ .e~o~ ·-~- ~ .... J*i~&e additive "exciuion" ,· 

· · ·· · · .· -~- .: . ·· D.efini~len o~ ~· .. ~~atien -~-i~&" fol' e&ch · ~- w~l aliow . 
' ' . ' . ' 

~e a-ppro~e eva,l.uat'iou. $t. bOth the p.ir ene~sies tW4 If $~lu.$10f1." 

e~.c:w ua1ns on.ly. the o~~- e]da .. OJ'bitaUs. ·.~. ~proaeb h$8 -~ 
• . . .. . • • ' I ' ' ' 

ll. For 6\ b~l.ef inti'GAuetiOA S*iel 

P· ter Haar~· ,;t;t~\Wf,~on ~~~~ !'&!;~~· rr.~l~bodzal!t«J&' ' . . . . . . 

(lP.tenc:11!Ulce Publlshera, · lne ~ , .. w. Y., · 1958) . 
\' . ·., 

·' 
.deVel~ped in ditfe~nt ~eU.. .at .phySic$. A ~ portion of thia azi'ti.ele 

vill.'be devotf!t to tlle. lt~re..,Otar1zaticn·" probleJll;· no~ on.ly beaa~ee it is 

ot interea-t .·in t:~ .... r 1 bat alAo beeaun ·a syst-em vi th a "·e•tes11 electron . . . , . . . . r ~ . . ' 

ie more gene~ the.n a, &ystell ot Qlosed s~ .and· the excite4··u ~U s.S 
' ,' . ::··:· ' 

· vtU. be gtven for o~wnience . .t~ ·spec!ti~ l"e~fl'~n4e to the lithium ·at• 
~ . ., t 

~ . ' 

alt~ s-.r.aJ.ua.tt~ to any o~.r e.wroprla.te atattl. or 100leeW.e is atra.ieht• 

to~. In Seet!on II, &t oon"elat!Ott· potential Will be derived s.w'i shown 
·. ' ,' ' 

.to tre the ''$eall ~ca.~ tl,u.ctuation" ot the Hartree•PQCk potential a-cting 

on tan elec::tron.·· Sact-icm m 'Ifill fitv~ the "excl~~on" ~ff(tet Gf ~ out.er 

eri>ital, e.g. 'in t1, on tlWII coneiatton .energy of the core (Li+·f1) 1t$elf 



··.) 

. ' ~ ·~ 

' L • • ' • ' 

',,. 

In ~ct#.on lV1 n\U'aerlcal magnitude& of SOJnE3 ot the~ e.ffec:ts will be ~aleul.ated 

·for L1 and the 8 core .. polar1zation" potential oom.pared with earlier o~s. 

In Section V molecules are diacuued in ~ral and both the use of intra-
• .,. • 1 • ~.. • •• • 

0molecular 11 dispersion" energies . and "core..opol¥-tza:tion" Justified 

eliminating th~ U9ual app~oxtmations m~tioned above by starting from a 

ec>mplete one ~leotroD. basis set of molecular orbi tala 1 ser·· l«>' s. In the 

last sedtion1 some higher ord.er eorrelation efiects are ~.n.tioned; a 
including such effects, but 

11 4,1spersion" energy foi'IlJ.Ula/ for use only With e.symptotic intermolecular 

forces 1e ~- an4 tlle u,se of rtgeneralized .ant1&111J11etrimed p~ts" 
. 10 

of many electron group tunations · 1.8 diseusse4. 
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i .. 

. :. ·.··. 

·.·'·" ,. 

·· •. ·. 

~ . 

n. 

· · · -the CQ~la-tton .attw be•Q two el.ecttone one 01 Vh1eb u f:Lraly 
' . ' . .. 

· ~Ulllt. t4 a. mto~ -.. tlle 4~ 1~ J.n $1l ~'W.tal ~u id,gb. q.uu"tum 

u~~ ·-. ln ·• n4itfl4 $tatee~ et !!' ·~.be ~e$4tnte4 b7 an 
' 

· . ef1'8l'!'tiW ~nt:!ial. 4ete!'JD1ne4 b7 the J.nnft',. i.-e. ttoore" eiec~-ron ·atld 

a.ft~ ·~ tblt •"r _., U~ ·Qae approdae,~ the ·fDI!&Ct ·~ el.~r<m -..ve 
. ' 

(1) 

· 'ti'her' ! 1, :.e' ~v ~·the . ooordtnate$ e"f inner ~outer ele~ttrontt 

r~ttft~t li!•s an the v$!'1.-oua s~~ of ~e outer electron and 

u.Q(ttl:l~2) 4.eacri~ the "oOJ?e1t e.l.eetl'$1 ud cl.epe!lds <ml7 ~trioe.lly 

~~ .£a• Ylue· ~~t.tic "'ppeld.llat~" • 18 veJ7' simile.!" to the Born-

·. · OpJelibeiJDe# ~t.~ · .ot hue~ ~ electroJ.Uc:· mot~ona 1a ·molecules. 

Stnce tbe ouwr euctl'Oii 1$ J!lUCh a-. 'ti@htly 'bo\llnl 1wl'lan ·the inner one I 
. . . . . 

~ v:U:tal tl!Ji)ro it ~ be ·¢Ona~ to. IJlOVIi sl.«ir coapared to the . . ~ 

. I 

. le.t~.. "l'hent the. entlt-. Of the CO~· ·Q6n be ~ne4 for var;J.ous f'1xed 

val:Qes ot ~~ tbl14 ~iag ~· i'b ~trtee.lly 8a4 it in turn acts 

a.· 1. ~ntilll e~g f:or the motion or the w'k!to $leett!!On. · ~~~ approach. 

*x .a Ui<lebtetl to Prot•aacw v. tJ:. ~on tor a atiiltUU.ting t\1eell$s1on · 

on :~bi$ ~acl\. 
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. . 

12. H. A. htlle, in~~~~~ fb(sf~ (~ !Mhers, Ann ~bar, 19ll3), 

Vol. !!/ 1, )1P. ~.,9 ft.; (lee also' $ethe erul $.al.ptter 1 ~g;al.oi!iJ!S. 

o.F Pne~.of" V~l. ~,(SpriJ38er-Vel"laESiP ~ll.n 1957) PP· 2i:J tt. 

stationary charge a'h !4 a:& a pe,rt.'urbation Gil u:(~l);· the free •core~' 

:t\lnQtion. h Aile awroaah has been extet1Ul to u, Ia ~I. ato=s in 

' thef.:r gl'OWld s•te$ w e~aar1' upect~ 1me penetl'ation· an4 the n.ee.rneas 

" 14. G. v·eael09' et1d l· B . hrauker, v ut:ntk tel1Ulgra4 ~'I'. Ser. I'd lS. lhim. I 

.110 .• 1.6, 55 ( l.Sf$7); 

· t. J. lersuu;r, ~tik& i. ~tl'Q.Bk .. , i,J Jo. g, 97 (l9S7). 

considered tbe e.l.kall, but obt.ained 1il~(~1}r2) 'V&riatioribl;y. ~o a.41~~4 

apFO&ch suffers from the l'Utt:icUlti~s that Wt)re outlined in the introduntion. 

Espec16i.U.y fez t.he ~ ate. tee. o'f · tb.e al.kal.l tbe valence electron 

penetre.teG into the core consi~l>lt, an4 .near the nucleus 01' tbe o.tb.w 

eleetrons it can DP li:mQer be c011a~- raoving slowly. Mo~r, s1J;lce 

the 'baste· c<;nwept of the a~eh 1a . ~tally Qppo&ed to the 



'· 

: t: 
~ . . 

•i 

. • ~at~~lliV:-t>f t~ -el.a~t~, -.oms •lf4.ban6e etf'ecta can be 

~li.; .. ta :DillY .-t:i#¢1e;.U)t std. o\httf ~~luaton'* eftflat& whiCh we 

.I·. 

'l~ :. I q· J ' a e· I 

·~ ~UecU4• ww14 lte· tUfd¢Ult to iln~. · 

~ ~ 'VM;h ..... ~ «)~tl,a ~ J.nter-atadc 

·.· ·~ '$41~UOU11 :to,rc-.w -~ -.,. co~ela.tilm ~ between COl'e and 

. ·~ . ·l.enftm.S .-.,. c~~.~ ·ll*S· be •~a .,..,. ..... ~ e.n4 .... _.).6 a.n4 . eace e . . . . . . . ~""'J, . . . • ... . ·~ ~........ ~--- . 

. ·' ~ : (j . 'p ll• 

\~ v;J;th. ~--1~ qrb11als tot tibe 0\rt:el!' -elect.l'Qn a.ncl cone1~ 

-~ ".-m•,e~~ ~t.· $;ra ~ -~ L$ a.-.-4 to be al.wqs larpr 
' ' 

t-.n !l.• ~~ etteot•-.. excl\14.~4 ~the dipole tf;)ftl in the multipole 

.. ~on ~ t~ go~tUty -~ the "pot.nt-core." !hU aona 

o.f ~ t..-.a~$. Jtiet <mtl.~ -.ve ~·s\lff\c1.ent b&ete fo~ the ~t. 

· ... ~ ·i,.t • -.~ ... l'odt ~*• tdz" • .,.~., ·.wat~ ~ the us. ot 

.. ' 



_d' , 

,·, 

,·,, 

v ,. ··~. 

f ·. ' 

.. J.a .. 

etfeetivo pet~ttd•1als eepee1al.ly near the con:t •1' 4 

l'or u.n tn e.~ genen.l, theorY ot 11C()".,.pola.rlP.tionft at well 

u. Ui. ~ .:>tlie.r :.~ucat~olUl to be: Ue~ussed ii.t aubse«auent ae~tions . 

01 this &.f'UCl$, ve. SliUl . l10V JIZ'CCee4 t¢ & g$nl.ltt'e.J.1~d perturbatiOn 

, .-.tre&t!qn.t ·~ •-~ $le<Jt~ qs~ whose n.ve 1'\mct.ion in zero order 
. . ' 

ea. \le ~ea:te.t lW as~ Slater d~tel'Jdmmt. Strw:~u.res conta1ning 

et,.the..-· au. cl.o.Md 8lwlls ()J> el.08ed llwll$ plU$ an outer aleetr:on are su.oh 

··" , ·~·· All Qe'biliiae ett.ects will ,1M i~o.lu4e<l s.n4 in eeeonci order, the 

· ·ee~lat~ ~•ro ot the •ya·te ¥111 -. ·&roken· 40vn into aorrelation 

. ~- Gf pail'S anci .nQ .... lJ'd.l'Wi8$ a44i ti-ie · ~ aclilsi&n n. terms • fhe 
·,' . ' . . 

tflut~'Y ot e.xpr.esbitl8 ··the· O~ffllittlon ener~t ~lving an "outer 

. ·. el~tt-oA" by an ett•ttve po"rd•1a1 ·~o:r any state will be examined and 

-ju~ ~tiale wUl be terlve4 q.Uite -4S~t&Uy. 

!b,ebt1191~ theoflf!llll" ,of the. ·iiteth04 ot "•~rl1.tton o~ confi.auratianeft 

1~ t'b&t U'. {,<!)} ·tom a c~e ortbonol!Wll. 9•1s set for the space 

d a aingle e1f11Ctl'Cil (J5 1neludina both s~tial aud spin coordinates), 

then _•8llJ at1 .. 4pmiet~c I el~llf tunetien can k e~d us 

.. ' f\Q.IQI •"~Q)Iia L -~ :t~:<!l-~1 ou~) 1 {2) 
I . 

were \ ~pre•eau tl'le neJ'lal:ized Slaw 4otenatnants t 

tx (lll.&" ·~·· lifl • (a:>,·l/2 4\et { '\l, ~~ ... 
1 'J (}) 

.-. & tuni GVe:t" .ff!ttleiy unt.e eel.•ct1on ot the cn:e eleatr<:>n in41eeil 

~ < ~ < •. • .. < ka": i •. ~ •. ell jloriared aonfi&\lr&t10ll8. "
2 

In this 

% ' 

\ 
. ' . ' 

'"".\i 
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·, 

' '·. 

.. , 

'J' • •. ' '~-~ . · .• 

· .. -~,. . 

. i. 

(4) 

'lltth !!. .. {,.: \ 1 II ~ .... )' r,. { ~ ~~:. II J1, li ~ -1 tl\lO 11111~ 
· ... $tr1x. ~f ~:·-. ct t.~ 00ll-~>41¥&e~atf) \: in Eq. (2), say, ta'· 1$ cboeen 

. tu$. tt1e :flftt ~t~-.1so. tl, then ! c~ ~ Y:i.tkn2 ri6QN~~ aa the 
. ,. 

' .\:;-' _· ·•• ... ~tr1ilt ',!,b..·~ ·Pil'rtlt1oned .into' tbu.r 'Slibm&triees. "A _great 

·}'· : i .. ·;>~etr ·.~ )e~·ti-tm -~ e.u ~ ·,~vQl,~ hom..,. (!l) by·~ 
~ : ·\ ., . .;.! ~ ~ ; ' . , . .. • . \ ~~ . : ~ . ' •' · . 

• .. : ··> 

i ~. -~ . ' ' 
.··.:Y .. 

~-..: •' 

··• ·I 

f'l$-~.- ~t. 

....... __ }t_· ,_._ 

· . ~-•~iOlil 1·&. the ex~ ~tJr a.tter taking . .a: a.s tlite . . '. . . . . ... .,. as. . . , 

'.·"~~~"-~~ ... ThU·U'·tb•ott·tt~ae.l elcents of ~ ~-

·. . ~~;~ Jl; ~laeed 0, H-.1 a Scfu&inger t~ ~Z$4 ~rillirbat:Lon 
;. ~-f.*~ 1• G~~ lA'- ~t~n ,.U tir~t ~ven by Blps'tein: l9 . 
. • - 1' . • • ~ . • • •. . 

.',·:, ,: :.. .. 
.. t 

. ' 
.0 ... ·, ) :• _·g 

Pauling and Wilson, 

~ 1.' ~~ . ·-·}I_ I:.,. . 
•, .'• 

.... _, .. •_:·.)::: 
... 

. \_ ... 

-,_ .· 

; •. !' 



·l!e.~ -~ au.~-~-e~t$ at ~.,-· H* ts aesurae4 w be the 

· cles_., to the ~t ei~ue f.. :tn ·the a~ion, ! covers the 

enti~ mno~ -~ el.ec;tl'On ~i,s 881; &ti(th ~ in Eq. (2), exeegt 

'w· lquat1<:~n (6) _1& particul~ly ~enien't ~:O use20121 'When the one 

an •. a .• 1. Bebet, ~. ltoy. $GC. (~), ~iQ;, 312 (19,5). 

21. liltel.'enoe 2, PP• 26' • 28, .• 

. . 

(6) 

ele.ctron basis -.et consists ot' Ba.l>t~ . ...,0Qk tunet1on$,. becauae theJJ. ill 

\It is 1fhi~h! .utters fro:t~! -,,. C!Jttly o~ spin~rbital vaa1$h. Also 

lleealJS~. ot t~ ortbQ.uorma.li ty of ~~} onlt -ul)le uc1 tatiou coQtribute 
t ~' 

tot~ ~in~· (6). 

~low, coua14er e. $YQ'tem ot cl0$e.d ab.Ue t\lld an outer el~tron wbi·oh 

iaco~rates. the features ct ,ol()Md shells tbat -we llisb to e$1Uine (see 

section ;ry:;:) in add1 tio.n to the etteeti ve po:tential problem. Por pt.U"pQses 

of _t-he ,lat;ter •• 4et1ne the f-oUovtiJ(\1: one electron bas1.:$ set: The :N.rat 

(!•1) sjr1n..orbital.a a1,U:!J ••• u(lf .. l) are o~tained. from a. comple~ H.ll'. SCI 

solutiOn of the .Ql.QQ-. shell part (!•l. l!lll~ctrous) ot the system a.f't&r 

at!"i.pping the outer olectnm. l:f w. ~ lnterea:te« 111 sv m +l states 
. . . . .. -

•· ,.: ' 



. ,; 

. be taken as tbe $$luti~ ot the lf. f. equation :for an eleotron in the 

field of the alreadl' d.etermtned rtx.e:d 11 core1
'. ?be rest ot the bas.is set 

n . ·. . . 
mq. be COilpleted in sqm,e yrq by, e.g., a Sclaaidt orthegonal.ization 

pr()ce.es. The Qomplete bae-is set Qf Sl)Ui..()rbi tais thus obtained will nov 

be ~ed 'b7 { ~(~) }· • {!. } • l, a, ,, ' . . . all odd integers 

manina; spin.-orbi tAla wl th spin ~ and· all even in.tepl's those with spin ~. 

lot' e&n«teteness and c.onvenience we now a<>ntin~ the treatment on the 
t • I· ~ ,! 

simplest case, the ·.a e.tc.1n1 al~ extens.ton to laqet- qstems is 

str&1aht•£o~. J'or any state (1/(jnl/a) det (lsa 1" ttm> or 4et (1.$t) 

&f t{, the :first ·f.ew spin-orbitals 'by our cbt:lice $&t1sfy the equations: 
: _:, 
i' •• -

,: ' 

(7) ~ o ~$(£1} + ( J l:ts (~) 12 ri~ d. T2 ) l.s (,tJ_) • ela ls(~j_) . 
·'' '· . 

'~ :, 

r: 

. 0 l . 2 fj;. ·: 
h .. ~··*·'"''*' ... L J. ~:: 1.. ,r: ' 1 

(8) 

aad' 

·~ ., ·~ h1° 'it(tl_) + a<]' I ls(,te) 1
2 

ri_i 4 t2) Ua:<tl) - <fis*(~)uk(~)r~ dT2)ls(.{J_) 

• 'k 'it <.tl> 
tor '\a. i!1! k •>' . 21he seeQnd orie-r eorrell.atien ell.f!trgy 1s given by Eq •. (6) 

U1 GQD31anet1oa :wtth •· (2) and the one electron basis $et Just defined. 

fo ••P"•" t!Ua ~ ~o paX$, all the ordered cont1gure.t1ons that 

~. Sif. ... ru:>n•V&J.Uahj,;,ng matrix elezq.euts in Bq. (6) can be clus.itied 

e.ocord..itJg to wlUch one or two epin-orbittals of the initial ste.te det' (12k) 



' ·~. 

'·'". 

. i '- '·~.· 

-~- bten !-eplac~ to ~w ta• ~iel.l.lJ.u:o eonfisuration. Consider tirst 

. 

1 

~·~ 4t!ite ~ (l,Q}), i .• e • .. it ll$t {Ua a 11 ~al· Pl'Qil tbill etatit,. 

· · .· ·· :·~ina ~n 11~114 ~t ·taft in~ces ~~ ,!a-J ~3 which make up :! itl J:q. (2) 

... ..... ,· 

·•::., . 
. . ~ ' 

.... ·:::· •, 

... · . 

m~i$ .~i!at'v tlu! ~ti~tion !3 > ~ > ~l (~1 ., l to co), the following 

., 9t vi~ e~ci~tl(l~ &l!'e poa$1ble: 

: ,. ~1~e ·exot'~tt~.~ 

·' i., a, ' -> 

-> 
t 

·~ 

Double exd1 t-at1-®t;u 

l) a; ' I~ 

;> 

:> 

1, 2 .J 

1, k, 

m,:· 2 .. 

l~ k, 

m, fl:, ., k, 

J 

' 
' 
,e 

J 

' 

J, > ~ . (9) 

k>' 

m >' 
.e >lt >' (lO) 

t>m>} 

. All_ hiPr e+t1o11& ! > !. > !. >' giving ~ • 0. We have label~ the 

, . ~· indices Ut:t~ntl.:y 4ep$n4-1DS on which in1t1al orbi.tal.fJ remain unchanged. 

, 'c 

~. . ·. ' 

~- first thin& to li.f?>Uce 1s that with our choice of tbe oroita.ls ail 

!ott tot- the a;i.ngl.e Virt\$al. ex.c1~tion• of the ou.ter electron 't vanish by 

tkuae of eOl'A)>.t-ete anti•qmmetr)' 'tie eannot refer to a. definite electl'Gn • 

. ~at- .. , mean \),- '*oo.~r or el-eotl'Ola b ~ one of t.he electrons oce~ying 

.. ·t!a$ ~Cu.J.ai- ~te.l1 ,. 



• 'r • 
~ . ~ . : ·. . . ~ ... · 

··;l:' ·~' ... · 
":.':.. 

J \ ' 

... 
' -

.. ~ : 

•' .: 

··'·' 

, .. 

''• 

(12) 

w)ijr.. Eq • {7) J-.8 "beet& useds and 

< .,t (123)-~ i ait. (W.) > • <tit (a)), s12 let (u) > (.l') 

arl4 aial.larl)t ~the .~tt.o£ l'Jq~ (10). ~~ ~ • r~ and iei •(Vf6 }det 
. .. . . . · r -~~t on ·. . 

Qli the :te.n ·.Nld iii· •(1/'ll 2)!'/./ the right <>f &as. ·(12) ~- (13). Not1Qe 
' , properties ·.· 

t)la;t the Pl)li..-vwusbina ,lot "'-*h ( 12) whL$ Will ;pll'OVe uaetul. is due to the 

~ee c,t the CON Ol,'llita.ls ! en4 i u ·a. t~ $CJ' solutions of u+ rather 

·than u. Wtt should..-~ hOWever that actually With a.lkal1 atORJS -the · 

'elt ... c~e~ t1eJ.d. <)f tile outer electron has ~ually wry little ~ff'ect 

· on--~ $a1 w.. ... tw:u:ti.O. O:f the eore electron~ an4 tberefore the set 

ot ·otlfttau •we have ~~u are frett\lentll empl01e'4 1n lart~e-Fook. 

..;. ... , . ..;. .. "'-··1 ."'-·· ·u· ...,_.,.. .... l,aa . . ...,."'~t. 0ns on a1....:U .... · • -~Asun\Uma. 

a.a.~ See :tfl.- eD1nplet 

;D ••• a-t"* end w. J'lartree, .Proo. o~·,Jibr1dae 1&11. So~., }4, 550 ( l9,S). 
. . -



,r •?' 

":~ " .. · 
. ~ I .. 

....... , .. ·; 

.. 

.. lS. 

. 11!~\~$ t9J ~ (lJ) A~ th$ s~t1on ot the aaeond cirder· 

'-,: ·: .. ,· ~ h 8q. Oil1n.t(j ~~)~&n eueqt•a ot J*irs ot electrons~ Of 
~: .,. .. : .· 

~e ~t U • ~nJ. ~$N.l.t ~at -~ .ortbollormal fuanti-dns are 

;,;- -- overl4Jl ancl -~- •tte@S ~- MgleuteQ., secoad Q~ energies 

· · .-. .. Qtlt· n-~r~~~ ~t.t1•1t1 .._ ta 1nt~~cul.ar ,.. 4.l'Bper£Jion" tQraes-• 
t ~ 

. ...... ~~ v. JJhe.li -$~e •b,oril,y 'thG.t · h1:tt1!11 P&lili bclusion Prtaciple alree4¥ 
, .. ~ ~: . . . ' ' . . . . . . . 

·.;;.:· · . : :tn'U!DdUClt$ -~:·~~~ ~I.~- ~- 1A ~ s~-o~~r. The 
,. ' .· '. '' . •' . . . . . 

. , · . ·.· :*itt-t ~ ~ne:tcr tn gq, .•. (6). ~ ._ ~tten as tbe Gn~trSY ot tbe ton 
' ~: • ~ • • • ' ' • • -? • • • 

'·' 

. ·: .. : .. · ~t.- ta •. tt•lfl ot the. bAre ~letts an4 ~~ enerar o~ the outer el«;!ctr<m 

.~·. ,\': ' 

. •· 

) . . . . -··' . ) 

. '· 

·I· 

. . ~ 
. .. . ~: 

u-~--ter tielt·~ ~~~·-for the~ staf.et 
·;, . . . . . 

. . ' ;1, . ' ~ 

. -~- 190 • :< Ut (16) ~ ( L b.t
0 

+ L 't.; ) deE (113) > 
' . . . . . ,. .. 1 . 1~.\1 ' ' . . 

--~·'·•!m(12). <5, __ h~ 5> (14) 

*~ --~ '(l2l-~ . a< l~.,·-~Q't• >· .. < ~ ~. ~ ls l.e > • 
! 1 • • 

(15) 
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we~ agatn ash¢~ .~n pai'tnthese'!S label the o:J:'l)i tale~ and not the . ' - . . ' . 

·F.~(2) (l2J --~· I . 
J~; >" ill > ' 

<Sf _(_12).; _s:La ··dit_ {pi. lt). >2 

A (1,2,:5-~ m~ k·, ') _ · 

.. - I---. ... . 

. . 

.... ~~2) (ll) .• ·I -
•>' 

+ \' . L ./.. >. >' 

<!et (lJh gl2 ~( ll ') '>
2 

A (1, .a, ' ~ rn, 2, 'l 

'.fht\ A't;, .#..11 the .~nato.ra are the e~r&ies of the re.tp&ctive Virtual 

· 1li~U'O!Ul. an4 .are 1$. ven tram. Ect.. ( 6) by:. 

fl·- (l, 2, ' ~ tn~t k, t_.) a < tif· (ilak~), a let (:mkt) > 

... < 44it ( t.a'), a ~ (a') > • 

(loa) 

(l7&) 

{18a) 

(19) 



.. 

8$l s11d.l&rlf foJ' :Eq,. (18&). 1..•s and !'e are the usu.al coulomb and 

~ bltegn.ts 

l • < ~ 4 • g1 r s > ,• E • <" S· ~,~ s· ~ > ts ... ~.. 2 rs; ,. , Ill> .LA .... 

(lrb) 

and & 
0 (~ -> 4) • < ~~ h

0 
6t > .. < r, h 

0 
" >. '!'he numerical ev-aLuation 

ot $(B) :'Or any OM can is ale~ ~aedure ~se large .aontr.1butioll8 
2 .. . 

to euoh 4-UIU aro to l)e e-xpected!· han the conttnuum (or" from what. voulc3. 

take the place ot tM pont~nuua) pert ot the baeis. £Set { k} . Our 

.o'b,!edt ·nen instead ia: to j.nvestiga.te seud.,....uanti~ti.yely various physical 

aspect$ of B~. (16a) to (l.aa) and their variation with the diffe-rent 

!2~~ ~ite4 state$ of the "•~rtesd elect~. 



.. 

!'be first ~~ E~. (l6a) corresponds to the cQrrelat.ton energy or 

the ion-core, (ls0ls~) as .it exists 1n the neutr.al atom. The efie.ct ot 

the "outer· electron on this electron throu&n the e~lU$ion principle 

vtll be taken .up later in Section XII~ Equations (l7a) and (1&.) give 

the correlation $ne~ 'between an electron occu.]IYiUi ,, 1.e. 2sa: and thos& 

in l (i .•• , 1sa) e.nd 2 (t •. e. ~) respectively. t'be first terms on the 

ript hAnd aides ot iqs. (l7f!.) and ( l.8a) represent the inner electroo.s 

b 1 and i aaJI:;f.r~g transitions 1n the ~Yer6Se field ot the orbital '· 

The second tel'!BB ot the$e ~quations g;tve the ~orrelat:t.on energy reaulting 

b!ol1 ttae core eltJcitron a.t $ time making tl"MSitions simUltaneously With 

the outer electro:rb At this poifit it should. be empb.&aized tbat above 

we have reterred to the entire oow• ttser1es" electron (or s1~-pi in 

organic rAOlecules) coJ~Telatioa effects, .i.e., the tot&lity of the Eqs. (l7a) 

_:o:E (l&.}, by the lUS~cal. ·name ot "core po.lte.r1etion1 " a name. which has 

it.$ orisJ.n in t}le a.di&batic llletho41 E:q. (1) 1 and describes the polarization 

of the core 'by the inatall~ position of ~he ele<!troni~ ~ge. The 

term "polarizatton" however is aLso used With retere.noe to the virttta.l 

excitations oe.used ia the eortl! by the a:ver%1~ electric field of the 
. . 10 2} 

outel;- orbi tel 1 1. e. the fill' at tents of Eqe • ( 17a) 1 ( lk) . 1 '!'he 

2.5· 0• Sirumoslu end 1(. s. Pitzer, J. Chea. Phys. (in press), (April 196o). 
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'·: 

due .to the ~~ciU. •~trr ot (.~). ln thie more precise term1nology 

'the 40\i\lle excita.tt~ ®nstitute the "d.ispenioa" enerv u in the 

.. _ ....... .. l ul . 10 
;,us;~J'lnO eo ar ·caae. · 

elbs$\. f'oftiUI Wh1cll· ate ~1cal.1Jln~~ by talttng out the &.nel"ED' 

· unom:S;U,ton. u ~ ~lttc1tat:S.OD ae~eau ·1n l!Jaeh c$fM. ~~ type ot 

•w~ti~n ~s .usl$l.lJ .-. .f.crr wtance 1n the theory of tnte~l.Jecul.ar . . : . : ' . 

· toroea.ti;S,6 ~n tM tir.•t -~B· .ot $qs. (11a) and (l&); A•e consiet 
. . 

· of' exct, tat1one ot sln$le ~ore ~lttcuons 6l.t a time, u4 hence ere of the 

or(ler o-f the 1on1aat1en poteu.,.ia.l. ot L1 +, (lti +), i.e. 

--------k ----------m 
&. ( 1,2.,, ·~ l,Ir.,)) A (1.2.,, -.> m,.a,,) • 

where .'banl denote ave~&.. ~ second .,.~ape:N1on" parts of Eqs. (17a) 

. sad (l.ia) :f.llv01ve a· &$mUat" ~~ eol'Q exe1taticm1 but in a&Ution 

Virtual · tn.a.ii tiou Gt the wter el.ettron, tn t~ tield ot the alre~ 

•ci·ted. oo~ (See J:q. (l1c)) •. ftua to define a "mean excitation energy., 

tor tb.et outer ~ectl'Gil, an a~ over 'botl\l ! and .!. itl Eq. ( 17 c) is 

. ·ne¢eaae.r¥: 

. I . ~-" t ·.. 1 k~j 

A (11 2#) ---+ l~k,.l) ~ (20) 
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-----------------~ .. ~ A ( 112,; ->· l,lt,:l) 
-------- m,.e 
~ (1,21 3 --> m,2,.e) 

• 
·when av(3) refers to the "mean excitation en~rgy" of the valence, i.e. 

" n ·_._, series electron .u.u. tially occupying orbital ) • For our purposes only 

. vecy roJ,lgh idea$ crt the me.gni. tU.d.E'es .of .~ t s are necessary. Their use as 

"" 
semi-emPiriaa.l parameters will be discussed later on. av represents a small 

traction ot 5"0; moreover, the single exci·tation terms in Eqs. (17a) and (17b) 

are Jsmall as mel}tioned earlier. 'l'hus neglecting the absence of 5V in 

Eq.. (19) (aompare Eq. (20)} all the energy denominators me.y be eqtW.ted 

and Eqs. (17a) ~d (1$&) com:bimd into one "series" electron-core correlation 

energf. For the ground state of' L1: 

(21) 

(fie + '5v(;))-l ( I 
E > k ~3 

<<lit (2.3), g12 det (kl) >2 + L < det (13), s12det(m.t)>2) 

J>m?3 

For convenience 1 $9 far we have considered only the ground state (Ci'et( 123)) 

ot the 1J. atom end in Eqs. · ( 9) and (10) analyaed the ve.riou.s types of 

Virtual transition& that ~ ~eible from this atate. Since however one 

ot our obJectives is to exam.iue the Ve.lid.it;y of deriving a.n effective 

potential tor t.he outer electron, before giving closed expressions for the 

su:m.s in Eq. (22), it is neees·eary to eonsider the excited states of Li 1 

(det(l2n)) where now the "series'~ electron occupies the orbital (n). 



With a different state of Li the second order sun in Eq. (6) again 

imrolves tn• SSlne complete set of "ordered conf1gura:tions 1
11 except that 

whereas bet'ore, 4et (123) hM beet\ elteluded and singled out as the zero 

order W$-ve tun~ion, now· the sum includes this determ.inant but instead 

excludes det (l2n), the new zero order llave function. E(2 ) in Eq. (6), 

or in o~ra.tor form. 

(2) ·. {' \ l ) ( 2) 
. - ~ • < J, . R L M > (~mf - ~) .... < M, H J If > .. < N, "' N > 

M"lf 

, Wher-e! denotes ti;£ (J.2n) 1 can \le put eJ.so in the form of an expectatiOn 

Ve!.l.ue over t~e "series· electron orbitel n. Denoting 
. . . -

I • det ( 12n) • A { n u
0 

( 12) } 

where· 

and A is t.ae· •r-&tor a.nti--$~tri.cing! with the two core electrons, we 

'obtain: 

' 

- ~a) = < n { uc(l2) 1 A H I M > (~Rf - ~)-1 
<M, R A u

0 
(12) } n > 

MrN 
(2) 

·• <n t n> ' en · 
(24) 

'lbe cu:rl;y pare.ntbeees in the secqnd term have been ple.<:ed to indicate 

(23) 



~ .. ~ 
' . 

tnat integrations over the coor41W'ite&; 1n ~ are to be perlorme4 last. 

· As :tt ~taad$ the fonnal co~..:nseries" electron interaction opera~r 

~=) ia fer t'rO$ being e. po~tial enerQ fOr !• fi,rst, the Sumln&tion 

ovet M 1neclu4ee all dou~le virt\Hiol excitations ot the core orbitals, 

( 12 h th~ tbe pe.rt corresponding to Eq. { 16a) 1 the correlation. energy 

~~ tbe co~ itself, has not y-et been separated. As we hav-e mentioned 

~l1er, this part a.ctuaJ.l.y a.epe• on!' dw! .to the l!exolu.sion" 

pr.inciple and tt will be taken U.J) later. In addition if an arbitrary 

one el.ectrQn be.aia set. ure to be used, t~!) WOUld depend on which! 

had b~ eJtelu.ded trcm the sum 1n !lq. ( 2') · 9r ( 24} • On the other hand 

. ·vtth an $CW u.r. "basis or the baau ~} ve have chosen above, this 

.t)'l)e ot de:P$ndence 19 elia!ne.ted, becaus~ t-ne "series'· electron o-rbitals 

. satlatr Eq. (u). ~us .1a &~2 ) siDgle Virtual excitations from det (12~), 
1.e. the first o.t the Eqe .. (9), would include:· 

whereas in 42) 1 the seme type ot excitations from det (12n} would e~cltide 
l12~n but in41udet 

· 1\tt both ot these virtual tnnaitions have zero matrix elements by 

z:q. (ll) ·an4 henc.e are without effeot on t~:>· .. The rest of iq,s. (9) and 

(10) aan be ~JeneraU~d to fllJ:I. state of Li, &t (12n), keeping in mind 



.-:·; _. 

. . 

. -~ . ' 
.•, _ ....... 

.. ~-
.. : . ~ . <': . '~··, 

' . ' 
~.·.~ <-/:.: 

. -
....,. : ., . 

. , t~. ;~ ot ,ctoe.i'~~qu 1a E:~· (l2) 'by k > J > m (m ,., l w • ) . 
'., . J . ·. . ·. ' ' 

·" 

, .. 

·s-ome ttimeltias . that ~re e-1~ eol'\t trWlilti~l'Ui fer one $1oate b$Qome 
• • • • '• • •< • I • > 

• .:: ! \ '·· • . .• as 
·. '•ee;-:n;..u ~ub.le ~ai\1.~ r. &:lOther 1tate .and· vioe verse.,/for e.xempl.e 

JiO;, 
,... ..... . 

j 
•.. ' ... 

l,2,,5 --> 1,-,,, 
1,e,n ~ 1,},5: 

·· '·.f.!~i., 'libt lO~:tt( ot ~he vi:l"tli$1 US,aa1~ions involviq e1tb,er a single 
. ,' .:. 

·· :· ~e Orb.tta.l· or;. 51~, CON !Orbital ana· the Q~l" 0~>; !;1 are ~· 
. · ~~ ·~ -~ t.ba. seme ~~2(lmat1c~ in ~be ~&~ denominators, 

'the coM~v•nee $lA4tml eoReie.tioa <enerat a Bt· (22) ean ~ wrtttf!n 
'1 

·; ,' (. ·~,eat ~W1$s~ $:tate ot lA-·at: 
' ~. . ;:·;. ~ ·~ ·, 
·,.' :' 

'. 

· t 'e. r, (n) r·l c I.·< 4ii (h), s1a:~· (kl) > 
2 • I< d.et(ln> .. •u~det(m2)>2 > 

' ' .'• . . 

.. ,·. 

.. . llhen n > $. the in~deuee. ot the -~.f:es 1n the above sums- tram ! 1 

" , 1a t.he-~ot a4v.a•• Of til$ """ t!W 'b!t.!oi.ll ~ {a} was cbooen :previousl)' • 

($ee ~· (U) ·~ ·(T).) :tf ·:en. .orbit&).s l,a,s. ·h84 :O.en tMttn aa the· 

. . i 
·~ ~·vq~,w imd -..th tit~ co~ orltttals 1, ··a an4 the :s18!Jlina in4iees 

' . .. .. ...... -. 
tn let· (25) flfGuld have been~ to ~«\.the particular oater orbital. 

·-_.:·; 

._, 



. ~ .,, ' 
;' 

c,l 1 r,-, ,;. • 

;. ~..". ~~fJ:~; 
·r;_·,,., ', .. · ~- ca,n. ~ aaUtit~a.te putt1~ the ..... , ~p&47itl$ in mq. (at.) 1nt6 closed 

,,;,.: ;>)::· -~ ..... an4 ~o~.--to• ~n·t·~ 4asil'e4 ~-enU&l. (fn-mtemt o:t n) were 1t 

'·t:'··· .-~t tot tn.: ~p~ ~t!v<!> ln ~- ~~~r. !v.(!) as~ Jqs. (~) 
. ' 

~ (.2a) ~~to ·til, ~~~ Vl~~ ~l~t:ton",ene:r&Y ot tne -~ .. -~ 

dltal:- n. J'01' Ji :> ,, 1b: SOH t .. -#uell "' 
' ' I - -

. ·.) ... 
·-~ .. ·.- ;· .... (n > ·l,5), 

,1,\.."• • .•• 
~:: 

~:\.: 
\ I ~ . 

i ... 

· .. ~ 

. ~' ; .. 

•: •' 

. . . ' . . 

.·~::' 
·.:...'· 

,. 
-of the $l8tt$U ~s~ to Bq;s. (l.7~)and: (l8a), n _.;_:> 5 vould 

· _·_!M¥\uai.ty 'be 1& ~~~tat~:nf. an4 ~ $i aeptive ·c®'$rf.buU()n, to a,{n). 

~r,. ~h~"' .an OnJ'¥ a 1!e¥ aueb tel'U £o, lGW· l.)'in& !•. and the niaht 

1il ~-~ ~ tG tbi· 4ti&.t e.g. in Btt• {ll.a) is . .Ul. Aa mentt~. 

-.U.., · .!y(~).· rep~~s a .lllmall ·~uoa ot !c .. ' ~that 1~ en either_ 

l.le· ~ecte4 1& e01Dp8.T'18ott W1 th !c or ~p'hced 'by a re&eona\>le · average l1, 

. ~~ # te ·:tM ,teif states. t;\ (lim) ot Ultereat. S.in~ !y(!) is small., 

· .. · tlie etl'Ors -~ · h7 replacln8 1 t DY !a ,-111· be ~vem sraa.ll.er. A-$suti.Ulg 

:tol'. the ~t that th• euaa could be )Rittl :t.n the $Uitable f'()a, the 

~u1re.ent .<i,<al~c) . < 1 is _aeceasanr t-f ~ .:'' ~-polvizatlo.tl" 
.»GttNitta.l_4arived frOm }tq. (25} 1e to be. i~t ot !· Botice tbat 

~· l'._tdio-.ut is s~t simi~· to the ue~a1t1 ~ havtng the ~ 

electron. ~ve elmrly ~ to t~e core -al~tTOU a the adiabati·r: 

• ''t' ..... 

-~t.iml', ~ t-hat 'ke~ ·tt clbee .not ~r 111 a. tun4.alaea.tal way • 

.i,r,be &UIIIIl&tionli tn Bq-. (.ap) e.,h ~ -~ ~1e4 out. S~nce the ecre 
·t \, 

.. • - ;, - .J 

. . . ..l~$~f.') is A' elose4 ,sheU it .'• neaesoery to disauas ontj those ! th.$t 

. ·. ·.,:.~ ,. · .. · ·· ·~ve ~thei- ·Qli·. g ~r a.u'a_: $~tn •. · ~ aU. ! to lH!. o44, 1.e. nth. spin <iJ~ 

. :'--: , ~- ltllq.: (JS) eQ.U14G ttits~ the pair .!aYOlviJC~ o;poaite ·.,pins, i.e. -



r .•.•. 

·;. 

.· ...... '· 

,1," 

.·' 

.. ea .. 

. •ret ( 2n) •. ~l 

L <:let (.an), ~lei (ltll >
2 

• _< aet (211), ~~ det fan) > 

/·>k·~' 

" > .2 
k. •·2 

Q) 

I <: "' A I.. > < l'., I I > • < ... (AI) • > 

L•l 

vhe.:re l ariA ! ere· o~tors •oting on the ~· tor which the set of 

~vectors { t} "* 1,2,l, •.•• co f-Qm a complete basis. 

(26) 

(27) 

~ Eq. (~6). the ·set ot s.U n<;rtmeJ.ized two eleet:t'On detendnants eorresporulj.na . . . ~ 

t<l the Orde·red conttaurations .e. > k ·~ 1, as in Eq. (2), f'.orm a eaitplete 

~l'DlS.l 'basi$ tqr the tjlaee of tvo el.eetron coortinates (including spin) 

em Whi.ah .Ia· ~ta. '.rl:M i:Jpins of 2 Bud n bein& opposed, the detenttinante.l 

me.~d.~ -l.aente on the ~t h&tt4 side of Bq •. (26) re<l\lee to the direct 

:tnW.greJ.• onl¥~ e~s· tor the peun4 $u~e of Li: 

(28) 



,-,.,r ;: . 

~ .' . 

~· '· 

·-29···· 

·' ·I < s' (b)~ ··~a st (~).. >2. ~ I < an, ~12 aJ >2 
. ' 

... 
,:,~1 

J. > e 
(I • <Qdd) 

(29) 

. ·'i 

.... :' ··h. eva.ltllitea.. \OQ •1 ~ out the 1n'tep-auons in each matrix. element .. ·' ~t : . . ·.·. . . . 
l ·: .... 

.·, ,QVfil! ()Qelot the. ~t.rou eoertl1mltea e.nct 'tho obta1aitl8 a ~t.loo w2, 2 

··· ct ;the .. other e~tr<m C()O~\Q on11~ .i~e .• 

' ' . < .. ~-- . 

r.· . 1 • ~ 

; 

· .. •:. 

... ·;t 

~ ' ' . ~ . 
' . .' ~ 

! : '.· 

··-i 

.. .- ~ .. } . 

.:" _ .. 
. :;·/. -~-.:.· .. >-.... : . 

. . 

. ~' 

. ~ •. ' • i"'i'; 

. '~ 

. . .. ' 

.~, 11Ulltiq a_. .• t lq. (~')we ·g~t 

·[ 
~- > 2. 

(l ... M4) -::· .... ' . : 

I' ~ .. ~~;2 j >~ 
B>i 

(.e. • cdi}. 

. (.50) 

(31) 

( - .. 
\ .· } 

$$nc&~ l • 1;}1 $, ••.• ~ •.• «1 tom e eomp!~t.e OI1llt $leotron 'be.$1s .eet 

~ w2, 2 o~ Bq.: (:ISO) .le a. fwwt.ion fbt t.lui cooriUM.;te~ or a ai'rigle eleetrOn • 
. ·' . ' ·. . 

·:a·~ aame ,q~ tn tq_. (26) 
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·'' ·:. ~· :·:_?~t.. . 

.·c ...... 

:- ::·. ~ .... 

. · 

I . < ie~ (an), -~ m:· (l 1) >2 
• I < 2n, , 12 :g 1 >2 

J> l A> 1 
; ,· 

:·[· :il!l 
.. 

(32) 

£!. > l 
(JJ • even) .. 

1: '. 

s~• .nQiir tQ 'co+• t;pin,! ~tut· be eve,n. (spb ~)).and! • 2,4,6, •.. even ••• oo 

toaa a ~l.ete ~16 set.· tor. i\metione ot ·the spat~al cooriine:t.e.s ot one 

alee~. 

· iUstlarly tot' the pe.r&llf!\1 ep1n pat.r (ln) in Bit• (25) the us• of Eq. 

()_:S) 

t. >! J, > 1 
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'· ... ·· .. ·~ ·,.,._ .. ) · ~ (. h ··) a · ,""' L . < .1i,_ ·. AA , 'a -~~~ c II > • w 

·~>a 
;: · . 

·· ~ laet i~Jrm.ot l<l· ($:Jh 
. . ~ -: 

.\ 
L 

.... ·· ,. ..... . . 2' '.·~ 
·-<:it; (~Zl1h·a12 :te£ (1 J) > : ·• . L · 

•' ' ' ' 

i :r-· 1 
(OaA,)·' 

j~ > l 
<~ .••. o44) 

(;;) 

\.-- .... < n,· w
1 1 

t> d,{Wn 
1

.)1 
~ : 1 , 

J. > l 
(odd) 

. .,. : 

cle~ tne. eme 'e~eetron .tunet:t_. u 1~ mq. (;o). Th•n uaina Mq. (27) · 

. 1~ ·~ '-- •t>£ the· .last e~tol\, · 

'·-.:: ·, 
·. '~:· ' 

~ . ' . ' 

., 

,; ,: - , ,~-'1 ·; ' ' 

., 
.:, 

·ana, ~ i:,. •(,3h 

. ' . 

t'" 

. · •.... ~~ .. < ~i .U.n)_, 812 a;t' {m~) >2 
• < 1n.,. ~ 1n > - < m, 

~;_"1 ' -~ > ... ~ 1S 
.... ·· :'. ·.·:.•.?' 

:··.;-; 

. -...._~ . - ' 

-. _,\" \-· -.. :,-~·-··. 
' . ~ ... · .. t011t eo~·~~'~· ~lati.Gn ·~-- c4 .the core i1;selt. and· .. . . . . : ' 

·. ·-:". 

·,, ..... -

_,.-_._!-
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' I 
' .. ~ ·.:-: 

clert"''ing esp:ree~ tor it $lmtlN tQ tbGie fl'iv• &Dove, let • ~ne 
_,,' . -'· ,'• 

· the meanina of the various t.tm$ :t.n t.ne re$ulta tOr -~) (ri), ·.Sq... (,25) • 

• .J 11he maJor pu-t ot the ~valJiuee al~t:t~ cone.tatiOn enersJ 1• dUe· 
,. . . . . (2} . . 

,; . 

to ;pair with oppoaitt& a~u~- t~e~ lj · · (b), trince 'lle ethu'! 2 

~r electl'Gns are ~ kept·· 4part by ·th.~ taui1 f4*luion prtac1p1e. 

If 1'\S· (26) and (.29) t~ (Jel; tho f.ti • .. pair energy ~c~ &Ollie ~ate.te . . . . . 

. . + < n, (w:~ _~')) 1 >2 -• < 21 (W __ 1 )
2 a> J. 

. ~~ ~- . 

or .tor_tbe sro~ •te.te Qf t.1 _nth n ~ ':-. ~ns 1 • (ls.}Q~ e, * ·(l.s)~ 

~ '•(as)a 

(59) 

(40) 

. < (aa}, 'O.s) (2s) > • < (211)(14), -~- (as)(l.a) > -<(as), w(lsf(ls)(a&) > (4la) 
{ 

( 4l'b) 
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. •'·"," : ~. _. . ¢~1¥ ~a.) ·~FeM.n~ a trw;; ~~a~1~ Jlct,:t.ng:,} on the outer olec:i~". 
-. ·: ... >' ~,4e~ ·aQ~-~ ·-en ~lle: ~toe ~tt.l (~); tt t• liven \JV - -- -

' ...:·. ·., ·.:. ,,.~; ... ·~:;\ :· . ... ~ . ~ .: .. ,.'_. . ·' . . .· . _; ~:! ·~: . ·..... •. ,. 

. '·~~~'·.·'-\ . 
• • . ~4 

~ .. 

. ' 
• •• ·~ • • • ···:;, • ~ •• • ! .~ 

. '.,. 

: _( J I Ls ( tl_) la· --.-- -- ,: 3. - - -

-· ' . ,_ :·l~-; .. ~ f 

·a 4 ,. ) 
l 

· . . itne~ £e _and' ~ ~-..r. -~ ~~~~- ~~~& 11\ ·" ( 2s) anti ( l$) respef:ti vely, 

..... -~-'~ ;oten~~~i ~t#;s·at (ale _!ibt&~-W itat~tton ~ver ~ . .u·~ 
•. ·· · j·.~(~ll):(~l a.~~ l~ ; bU....tt4'*1t, -..t~ .,., . 

~ ... 

: .:.:~(,..;) (_fe) • ~ 4l..l, l. 'f · < (a)1 ~~·(l;e)"~~ I (1•) >1. • 
,· ;'_· .-: . ._ ·. - rU! --- '11! . -- --_ : . 

, .. · 
2 . J (ls) >' ·_,,l 

>· . :: 

- .'.::',.. w~~ .< >i ~--~ •ll utq,rat(o$- ~ -.'/(ti') are w• the same 

-. . · ·· ~tes --!1, :as ~ Bq~ (4tJ ~- XU _the··-~ term we haft ~aGtad the 
• ',':.J • ,· . ' • ' • 

~ -~~ a~• of~ tt~u:rce ~ntrt t1 over (ls) Vitb ltars. 
·. . . -~. -~t :~u be ooti~ -~1:- (il! .. sia"t•) ~i:·;;. ~~~ represent• th~a "inetantan~oue" 

. . . 

-(~ the·vit'tW!d •~•e)· &ev.tat._-GD -of ·the el"t~sta.'bt.o potential, pl'Gdu¢ed 
. . . 

_:f.lt the pt)int q b~ _the -e~tiWdq. ehVaf at·~, ~ ~lMt orlJ1 tal average 

'I ; -~~' 

, . 
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•• ~ "'r. • ~~~ 

·. ·· -.(~···~-~the -~-•tlou 'ftll_~ <)ver ~s <.ttl ) potential ot the e.lectrcm 

·· .. ·.. (&)· ·~ t:t ~-· ·-~ at we .had ~e. in_ the _theol'f ot Van cler· V-Uls' · · 

.. ::. in~aotl~ be~n •ieo~" and aoJ.t4 s~ a' r (r ) I i . ' ·. ' . . . .. . . . . .. . . . , (ls) ~ c 
: ·.; ~ ..... '. 

. ~,,~·~ ~··*'·tliu{)tutton" ~ntia.l., atn9ft• f(ls) (lt) is sbipl.y t,. ~- '. 

... 
'I ., 

· · o·: ··1··-v·~ · · · 

''u--~ ..... tl~tttai.101l ·ot ~- eoW.aeb:j.o ~~~al of. the oir;"bital fJ.e) 
~~~"~;·-.·: ~~>· 

-.:. .... ' tt 'ti14t poi¢t; r • . 
~- :; ·, . . . . . . ' ' "'2_ , . .. .· . 

<-.~~~:'":: , ·. Xtt Jq .• (40), ·thei-e stt~ eld.at$ a ~in,der· tel$ a(ls) ( 2s). vhicb 
'I ·r~-~~~::• .. , :. ' . ,• ' • • . , > ' ' tl a 
. '\, . ·~ k put 1n tlut !'~ ()1" Sfl eqectat~on V.altii.e of a pott!slt1al. A clooe 

~nat~ of~~- (86) thnlUah (;52.}-le~.to iq. (40) shows that 
~ ' . 

. '· 
"'"·, I 

l ' .~ ·, ' 
'. ;· 

/, '·· :. ,a{le) .(~) ~e· D&6&u•, tlae clJ)teatimer emtl.l (llifl l.s") of Li 
., '<'· . t\t Q . . . ·. . . . -. . 

· · ·: .• · · . ! pmettte t:!le o~l- uect'~ oe-eu~ ba trcm l'UldD$ virtual transi ticms · 

<. 

to~· w~ oceupi~« ~eil' l ... ls. '!h.~- l$ one ot the "eJrelusion" 
' . 

.rreots 'tb$t were l'!en't1~ ·tn the· tnt~r04ttct~cn arui repnHnts t-he "non• 

pe.inttn· ~t~ve" etteot. ot (l.e~) QB the ~ir (1~ a.o;). Jt(l~'f(n)b.e.$ 
i·P 

. ~ll .negl.eetea. tn '~ ~OWJ tt'ei.L-.D.\$ ot "ao~poleriu.tion., for ,.uon-

. · ... ~t-tiag·'" Oli'bt~als.• 1'' 1,.116' 17 ~;r· ~peeially for the ground state 

i~ ·-*&fdt$ requ:l:i"H e~natiou (See ~~ion· IV) • 

. . , I.tke1Ase; ·-tme eor.rellllt.!L® ~ Qf the a <il. pair (lsa 2s<x) ot ~he 
.·~ '"fAte ot 14 lti ~q.. (2J) ,_ stv•11 ~ ~· (,S), (40) aru1 (J+a) by: 

. . . ' ' 

(~4) 

:-.. '. 

\. 
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·.·: 

(45b) 

00Sip$rieon o1' the Eqs. (:58) fiioll4 ( 44) vi th ( 39) and ( 40) shows th&t 

·a1,~) '(lee 2.su)' in addition to the ~"~nuctuationi' potential of E~a) (lsfi2sa) 

cont-.1ns ~) I ( ie + a6 ) or what may' be call~d the "exchange 

fl\.letuation -potential." Jote that th~ latter is a "pci)tential" only in 

~Uy tlle ~ sense2 ae the exchange part of the Hartree .. look field 

(See lq.. ( 8 )) is. · ft• "exclwdon" te;rm in Eq. (45b) is similar to that 

in )!q. (4lb). Combining Jq,s. (6),- (7), (14), (l;)i (40) atld (44) the total 

Etne1lg or Li in 4DY $tate I • det (Urn) iS obtained2 

(46) 

. e.tt 
• JL (¢ore) + <n, (h + Uf) n > + Q -m core- · n 

i. +Rex 
laf!u ls

0
n 

'£'1: + b °C .. S 
.. -.;. 

mN (core} cont$.1!U\ the H. F. energy (Eq. ( lh)) of the ~ icn1 L.L +, but 

in $dditiOJ1 the correlati0n e~t-;·rr~r Z:.~2 ) ( 1~.>) (give~ for the g-round ste.te 

by ilq• (16a.)) which refers not to free Li+ but to the core as it exists 
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~· ·. . 

... :.;.: 

' .. 

. (2) 
~ the sta.te ! of J.J.. !he ~penclenee of "'· (12) Ql'l the outer erbital 

n through the "uolu$1on" ptineip.le wUl be discussed in· Suction UI . -
.Qn · ttJ the. rest ot tne "exclusion" eft~~tcts. It depttnde on the exChange 

· ep.~ge 4ena1ty of~ with (~) so :t;hat it v!l.l be imall for exeited 

ste:tf;lle_ of' Li, i.e. "non ... penetr&ting" !!. • !:!t ie the a.esired eorrela.tion 

(fluctue.tion) potential• · With a l&igttt: atom $1Milar results can easily 

be vr1 tten down~ In general there Yi.ll be , e. oontri but ion :rrom each 
' 

eleetli'On o'! the core to u_ 9 and Q • Arter esti.mating the "exclusion" 
· -011 n 

effects, tJt can be <\etemined s•·empirieail,y (see e.g. Douglas-') 

f~r instance. by lee.ving (iC. + a6) as a par$eter. Aside from the 

"uelud.on" eftects, E.q, (46) ~s- the variational :form for the outer 

electron with~ effective "oore~lsmiltonian." It is ~portant to realize 

hoW-ever that in this tor.. n e~ b$ VN'i~d to improve the ell(trgy even -
When ~-""' 0 and EB (c:ore) "' constant, because the result was derived 

for a e~eific choice of o"1 tals for _!1 namely those satiei'ytng t~ 

H. f. oond1t1on1 Eq. (ll). · Wita any other choiee, the single virtual 

trens1t1ons of !: as in Eq. (9) would lead to non-vanishing matrix elements ifi.·!· 

and ·make a new contribution to Eq. ( 46) • !his point bl?il'lgs out the 

conne~ion 'betw~n the present treatment and the recent nuclear ll!S.O.Y-

0 body· theory.
11

'
24 In fact Eq. (46) corresponds to a start1ns approxilnation 

2!&.. :Brueckner, LeVi.n8.on &ld Mabmond, Phys. }lev., ~-, 217 ( 1954_); for 

H. Yoshizumi, in AdvSJ:lces 

in ellem. Phye.,_ Vol .. n., Interscience Publishers, New York, 1959; pp. ,23 ff. 
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.ot that theo~ fitb neglf,te:.t ot 'big}w'r order correlations (Section V) 

as ce.n be tleen tQr ~e troJn the WQtk Qt hthe
25 and Jtod:bere;. 26 

·. ~· it._p.. l:etU., fbYa. hv. ap·,, l353 (1956). 

·2£ • L. $. Rof.bol'S1 . Ann· Phys. !' 199 ( 1951) • 

,lmp%'9~ ~li_e4!a .:to-1' ,a C$il be mill4e e.n4 perhaps r¢strict1Qns as in Eq. (U) 

~ed'.ltr going t¢ Mghe~ ~·or ~rtutbatien, wt S\lCh geileralili\tioWJ 

1J~ll be diiferted to a. Mure date. 

. . ' 
.. '• '··~ 
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m. 111l~btelus:ton" Effect .of B.'tl Outer Electt:Qn on t}U, Core Energy' 

:•• dependence of the core eonelation energy ~2) (12) in Eq. (46) 

On th• outew orb.1t.l n in Li can be exemined by a aar.etul clwu~it'ioatiora 
' . - . 

Qf all,. th~ "ordered qontiguratioo.s·'' entering Eq. ( 6) and generaliation 

ot Eq. (:L6a) to.~ .!!• In E(l. (10) $Ce of the configl!lft.tiona that 

~spon4e4 t.o <lou\U.e virtual tn.nsit1ons trom the core (ls
0 

ls~) 'W'h.en 

a .... , (1_-e. ae!!t) 'beeome tnple transitions .from another initial state 

St (12n) Wi~b.! > S, and viae verea. lneludins all ouch configurations 

. ia z(,a) Q1\e obtains .the e~te4 result that~ 

.. ~2) (l2). . E 
k >m ~3 
~~,m ~n) 

. ~ 2 
< dii (12~., , 12 "et· (mk) > 

A (1;a,n -> m,k,n) 
(47) 

i.e.· all the dou'ble core transitions 1,2 -> n;.,k sr, 11dss1na when ! or 

!.is ·~ alreaq oocupieA orbital. ~· ·'ftlis may be compared with the 

&eeond order E!ner~ cf the free ion con IJ. + using the same one electron . ·. - .............,. 
. ( ~ 

·~~· $~t. LkJ that was defined previously for Li: 

{2) .. zu+ (12) • .v L 
k>m>2. 

< -ret ( 12h gl2 d$t (mk) >2 

a (l,i -> m,k ) 
(~) 

The eu.erQ .denominator in Eq. ( 47) differs :f'r.om that in Eq. ( 48) by the 

p~sen~e of !! (See Eq. (19)) • Nevertheless a semi-quao.titative estimate 



·'. 

:'t'.· 

·, ' 

ot the vari~tion of ~2 ) (12) w1th !l an4 its difference from the energy . . . 

Qf L1 · eM be obtaine4. by replaqing both ·~ • s by one average, 
- .... 

A00re "' (Xu+ + I~++) • Then comparing &qs. ( 4 7) and ( 48): 

co 

.·.· k>3 
(49). 

'· · ;or using gq. (27) as in Eq. (;e)s · 
···::. ', 

. ····' 

I . 

. -~ . ... : 

. •, ~ ' 

. ' ··. 

. . ,~, . ' 

t' 

·;·' 

(50a) 

2 8core-n .. < (ls}(n'), g12 (ls)( le) > l . • Bu.+ + ;c; 
core 

With n'o: ~ n, ao4 fram Eq. (46): 
(50b) 

E + + L1 
2 ' . 2 

[ < (le), (w16,n,.> · (18) > .. < (ls)n', sa (ls)(ls) > ] . 

·~ .. laet ten.\ 1$ the de&Ued ., exclusion'' ~teet ot n • on the cGre. · With 

any l.a.Fae~ s., the evalu.&.tiom o.f e.l.l such "e.xelu,sion" effeat.:a is 

aimlle.rly P,OSs~ble hom a class1tteat1on of ordered configurations and 

use· ct Eq. (27) tw slilDIII8.ttons. 
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In. See~1on li., Eq. (4q) ve haw ol)tained an expression for the total 

ener11 of l'J,. .. atom 1~ fll17 one of its "sertes" states. fhat 4erivation · 

shows that .es14e trom the "exclusion" effects, !!t is the d~Gir~ 

·.,.co~ .. :polartle'ti<»l" potential including exche.n.ge alJ.d 1t may be regarded 

as the tlle$il:. 9(1.UI!U'e flu.etu.ation of the llartree-J'oak potential of the core 

per unit of ~~mean e~o1tat1on energy." !t ie not dependent on a multipole 

...... . 1a .. 17 .. .. " expansion (jJf 'u.!' In "ue previoue treatments . of core .. polarization 

a) the uesc~ioo'' effects, b) the elrehanse part of Uf (P~'/!e ~ 86 ) 

. 15 
·has been neglected (see however Ludwig) and c) after mating a multi pole 

~ion. of g
12

, as 

2 (; cos - l) + ... 

' I ~ ' 

(51) 

ainly the dipole term (with estim&tea of .quadrupole tenuJ) has been considered 

· ·and the tt~t part r;1 dropped. In Eq. (51) r> denotes the greater 

of the two distances ::1 and !a,· and ~ is the angle between the radius 

~tors of the tvo electrol'l.il. · For highly excited states, i.e. with larger 
. ' ' ; 

:n,. e.asumpti9ns a to e .ap,proa.ch validity. For instance ae the portion of 
.... . ,..- *"'- . 

·the Wtfno cnitlll that ia 1nsi4e the core bec~s negligible, we get 

. . ·1 
r> • r 2 Ql\ly, so that :r> part of~~ no l®ger'cQUtributes to Uf' 

. (See E<p. (41} and (4S)). Por "penetrating" Orbitals however such is net 
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'/ ·.-. 

the case. 'lo get an idea ot the varioWi neglected me.gni tudes we shall 

. Gel18Ue'r the ground JJ:ktEJ ot t1 f'or whioh the erteets should be largest. 

•·e t1.llte for ill ttte Cl"tl:logona.lized Slater orb1 tal . 

2s0 
• l~Ol48 ("62'>/~)l/i r e!q) ( .. a

2
r) ~ 0.1742 (a

1
3/1f.)l/2 exp ( .. t>

1
r) 

24. v. J'ook ~ M. J. Petl'Uhen, Physik z. Sowjetunion, 5!, 547 (1935). 

(52b) 

,qtb, 11 • 2.65. The "exclU&toii._ 'berm$ in Kqs. (4l.o}, (45'b) and (SO'b) 

: ' . ~ 
'··. ,.•. 

(52a) 

iavolv• s."~ in· the i :integral-a. i'h.eee are like the usual atomic 1rtt.egre.ls25 and 
~ - -1 

upon substitution of Eq. (51) for §12, only the !> term contributes due to t?e 

25. Con4on and ShOrtlE!y, '~;'he fheo~ .~u· A1iomic l;)~etra, (Cambridge University 
> 

Pross, 1957); p. 174 

.a.pheri.cS.l symmetry or ls and 2s. The first 
ex,;; 

parts ot !( ls) an¢ !( 1s) in ttr on the other hand, contain lie and such 

inte~a can b.e more ~nveniently obtained by an ~xpansion in terms of 
. . ·a6 (1) 
Geg~u~batler pol,.nomiala, . . ctl (cos Q)) 1 

1 -r. 2 > 
(53) 

26. for a quite detailed account of these polynomials, see e.g.: I. Prigogise, 

!!.. !! . , ~!!!:~ Theozx of ,Solutions (lcrth-lfolland Publi$hill8 Co., '.o.msterdsm 

1957) P• 265. 
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~ese polynoJn1als are n.nalogous to the ~ndre pol)"nomials and h&ve 

s1m.t1eu- addition theorems. The first term of Eq. (53) is !:>-a, neglect~cl 

previoosly'li·l{ corresponding to assumption (~); its contribution to 

Eq, ( 46) will ~ cal.cuJ..a.ted here. 

With the. orbite.l.s mq. (52), the deliiired integrations can be· 

.per:ro~ a.ne.lytice.ll.y a~ 'Jield: (54) 

12 -1 )2 0 ~ 44 ( )2 r> d t 1 2a > • O.lQl a.u. 

0 . .. . 2 . .o . ·l 2 11:~ . ( .)2 < ls ai, gl2 ls ls > • < lf.J 2e, r> ls 1s > = 0 .Ol.,v55 a. a. 

. . . . 2 
<a~, (wls,ls) <•ei, ls) ls > .. 0.029806 (a.u.) 

< a2, ls, t>""2 ai. ls >. e 0.17;85 (a.u.)2 

< ai ls, r;"'2 ls 2i > • 0.053256 (a..u.)2 

·Where l (a. \:1. ) • 27 • 202 ev. and e. e. ......... ' ~ 

r _ . a oo . 
1 }··

1 
( ) .. 1a -a 1 -j' -1 ( :) 12 a ..:1- 1· 11 ( ) 1a 4i la r 1 r> d'1'1 • - 2 .. · ls r 1 r 1 I;,U-1 + · s r 1 dr1 

· ~ o r - a . 

(55) 

. · Substituting tMse results in Eqs. (4lb), (45b) and (50b) and taking aa 

e.stima.t~ gC· + ~ct. ~ ; (a.u.) and. 6 ~ IT .t+ + IL1++ liS 7.24 (a.u.) 
lilt co:-e .~w~. · • 

we obtain: 
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'. '. 

•:. ::. :' 
,·; .. 
·~ . '~ .. 

f 

= 0.04245 ev. (56a) 

(56b) 

(56c) 

fll$\ u.s~ only the t:irst tem& of s12 and g~2 from Eqs. (51) and (5}) in 

Its. ( 40) Md ( 4.4) and denotin;g the corresponding p~e ot F ( ls) and r(~s) 

by: 

(5&) 

•. 

(Jo + es)-1 0 ;8J( 0. 0 .. I'M!: < 2s, Fr 2s > • .• 2~ ev. 
> ' 

(5&) 

•&enti.&l.ly .·the same values are obtained by thE! use of 61 
1111 2.70 instead 

' ot a .. 65 tn ~ and·!! so that tlut re~ul.ts are not very sensitive to the 
. . 

$peeit1c uhOictl of the o"bit.als in Eq$. (52). 

Jtost ot the .t penetration" effects of 2s are included i,n Eq,s. (56) ~ -· . . ' ·. ' . . . ;~ 
(5'7) and (58) as can be ·•'*en for iastance from tbe ta.et that only' r>-

<»nt~1'butes to the u ~lusioD" terms. Oalletway15 has obtained a "a ore- · 

'. 
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pole.rization" potential in Li WJin.g only the dipole part of s
12

, eq;w.vt.l.lent 

tQ takinl the secon4 term ot Eq. (53) in :r(l.s) and neglecting r(~). He 

ftnd.S a. eonti'i 'b\:ttion o t 0 .1 ev. to < 2s, Uf 2s > • Actually the results of 

t.udw'1e;1' euage.$\ tha.t the exaha.ngf) term in the diJ?Ole part tl1a.1' be 

Maliglble. fhus b)' ·~ison several interesting conclusions follow from 

the Eqs. (;6) 1 (57) ~-(58). First, the "exelusion« effect of the outer 

o~tte.l .on .the ~re c-omlfltion energy ia only O.(H76 ev., hence quite 

negligibl• even tor !!, . Then in Eq. (50) we ea.n take Em (core ) "' ELi+. 

Secondly, the toteJ. eontribution to the correlation energy o'f the lsp2sc 

"'1 . (W" . ) -1 ( . 0 0 pair from the ~>- · te.llD.S is o0 + ~8 < 2s 1 Fr. 2s > - Rls 2s ) or 
. . . > ~ Q 

o.l.l25 .;. o.042l• 0.0700 ev. and is oom.pa.rable" to the total dipole contribution13 

0.1 ev. from both ot the core electrons. The average or "polarization'' 

(in the :reetriated senee10' 2' of the word) effect of the orbital 2s1 also 

. . . -1 
appears only in the !,_ part of il2 due to spherical symmetry. 'l'hia 

eft'eet1 as it wa.s •tmttoned earlier is not strictly a. "oorl"$lation" effect 

. .stnce 1 t results in converting the Li + ii. P. SCF or'bi tale t0 the completely 

J.F. 3Cf oJ:'bital.s in LL '!lie term, !r , we have calculated above however, 

. . . u 11 ~1 -2 -1 2 
QO~ to the tluctua.tion of!> , i.e. < 4 - < !> >1 >

1
, 

hence to the inclusion of the , dispersion" effect. lt is much larger than 

the estrlctl;r '*po~s.ation" energy. Thirdly, combining all the 4 or 

"penetrationu terms for the~ pair we :t'l.nd that 

$:0. entirely negligible value. 1'hue the "Fermi hole" i.s very effective 



~· . 

_in ·keeping the electrons ot the ~ 2. )air apart ,and not necessitating 

a. ft~ bole. tt H«tee_ to obtain the over~au "core-polari&ation" 
. . . . . . . •l . 

}Wtentia.l ve need t0 8d4 the r> tema only tor th• lstl2a
0 

pair. Then 

. n~glecttns exc.:~ in 41pole and. hi&her order terms, !!r in Li may be 
•. 
' 

. taken ·a.IJ 
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• V. Moleenl.A!t 

·fM tres.,.nt that. R$ G&iven in prert.ous seetione and demonstrated in 
. . 

detail. tor tbe case ot 1.1 A~ai:, een. be e.pplle.<l to .. 8.1J¥ 1-el.eatl'on system 

'Whose zero-order wave tw1et1on 1s a .single Slater ~umi~t ot H. F. 

otbitala.. !bus tb$ s~oont-o~r ener~,J ot taost molecules can be separated 

1nto •pair cerrelat10na"·and non-pairwise additive •excltte1on" effects by 

ta1dn& the a, '· set mole~\ll.er Or\>itals (MD) as the one electron basis 

set {!£ }· these orhitale $1'e tor inateonce obtainable by Roothean •a 

~cet<l'O.re. rt Again ~h energ component ee.n. be obtf.ined in closed fo~; 

27 • e. a . ~~ aoothaan., Revs • l«od. PhYill • , ~~ 69 ( l95i) . 

.· ., . ' 

~)" t~ CIA~ ~ ienom.:f.n~s AS "ltie&n Wi tation energies" :for ~ 

, elee~~ peA·~. Although T6~r ei'Ude, tb4s procedut-e has the advantage 

tblit the ~~ ·energy c;;qmponents are tmen obte.inable us1ng only the same 

u. :r. orbi~la. as 1n the tuitial. eUsgle 4ete:nnina.nt. Contrary to the 

. ~ 9t an average energy denominator tor the over-all second order 

·ene-rS"!8 heA e&~:h "•an CbtC1ta.tion enex-gr" ~ a more physical ba$1s. 
' 

4114 ean be e:stimat.ed or le:rt u a eemi-empiri.cal pa.ramoter eapecie.lly 

for those elee~ araups that ~ relatively u.ncha.Dged 1n going tram 

an at. or m.olea'Ul.e t.o azi.o'tJaer~ MOre di~ctly, two specific a:ppliQations 

28. 1" •. ~sler 1 Oanpt. llendu 242, ;;o ( 1955) . 
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are ·suggested. by this approach as·· mentioned in the introduction. Both 

of thea me..N" be demon$trated vi th reference to the Li
2 

molecule for 

· eonvenie<nce. 

N&i-a {!} 
In this molecule the Nrst four m 'a of the one electron 

a~ (a
8 

1!_ )2 
(au ~)2 • When the atomic orbitals (AO) 

that make up o.ueh illtler shells do not overlap appreciably as in L1
2

, 

.. we'can perfcrm e. unitary trans:f'oz:m8.tion on the (a , ls)2(a . ~)2 part 
. . .. ·-·-6- -u.-

ot ~e· ~sis on __ ¢l and cOl\\.V•rt tb.ilt .J«) detel'mina.rlt det ( ( a :).s ) 2 ( a ls) 2 ) 
- -g- --u-

. - . . - [ ( . )2 ( )2 ] into t~ ion oo-ret d.eaari;ption d~t ,;.s'Ci ~ · , i.e. ILa~~ where ;: 

8l!ld 'b refer to the wo nuclei, a.ss\lllling that admixture of other ~0 '$ is --
n.eglie;ible. Then tal.U,q (l;!_J

2 (~)2 e~uival-ently, as the first four 

_ spin•.or'bitaa of { _!} with the :l'a$t of the MO'a unchanged, ·a classification 

of all ~ order~d confi.f!',lre:tions" as in Eqs • ( 9) and ( 10} into various ty:pes 

.qt .virtuSl · transi t.ions lee.de to a separation ot tl;l.e correlation energy 

ae in E'a. (1.6) to (18). We get t.be .total energy of the molecule 

~ta4 $8 1n ~q. (46) into the enel"Q of tvo tree u••s (including thei.t' 

individual &(a)'s), the enel'Q of the wo H. F. MO valence electrone 

(a 2a)2, e~ in the field of both cores including the core "fluctuation g _.. . 

potent~e.ls8 (the eftect1ve "eore-bemiltonian" from one Li + is ( h~!e + !!f) a), 

the energy of the .two valence electrons (as in ~), ~~:> 29)2' and final.ly 
. - . g 

the . correla.t1<i.ln e-nergy between the tvo corea !a -and ·!b. Where are also 

the "-exclusion • terma aasociated. vi th each of these components. 

'!'he first appl1ea.t1on concerns the -.. core pOlarization" energy between 

a. valen.ee electron end. the ion-cores. When these cores can 'be assumed 



.. .q.a ... 

qlJ,ite unchanged, the expectation value of the potential, !!r determined 

fran. e.g. &q.. (59) in conjunction with the "sert$s"' levels of the atom, 

· lil&l bf!! calculated ov~r the ground or en exeited state valence MO in the 

mo.leeule• ~s fer instance the ~alculs.tion of the contribution of "core 

·. polei-iuticmu to the already small \)1n4lns energy ot a diatomic alkali 

molecule U possible. Ca.l.le.way
1

' has ma.de suqb aalculations on alkali 

metalS and found a:ppre<:ia'ble values even with just the dipOle part (see 

Sectien 111) of !t• In this t)'ll0 of application the cha.nge in the 

.,exCluaion., em=rv (We + 's) ~~~ (Jq. 56e) also needs to be estimated . 

. , i'l1e sec<m.d app.U.c:atton, aithougb a small effect in the ease of :t.12, 

eon~erne the oorrela~ion energy between the t110 eores, !a_ and ~ themselves. 

fb1a energ which can be Witten in the t'fluetuation" form similar to 

lq. (4l) 6lQt1nelud1ng the exehe.Qg4t part, .is Just the "dispersion» 

(plus "polar1aation ") enerrg which on making a mt.U tipole ex.pansion (or 

~ ~enieratl.t "~nbauer" e~ion26 ·as iXl Eq. (53) but now for 

two eentera) ~or si2 and. taking the· second terra wou.JA simply lead to 

~ '.s ~.I'DD.\la. 6 Asi~ t"rQa not requ1r1ng aueh an ex;pazudon, the 

~ach pres~t~ here now includes the exchange terms as well as tM 

•titxt:lusiou" effects sU!ilu to tbs.t 1n Bq.. (50), but with the appropriate 

orbitals• It ie particularl.1 illlpGrte.nt to recognize that the discussion 

p.ven hel"e tioes not. re~re the two. eores to occupy completely isolated 

spa¢e$ ~t.e-h With its wn distinct basi.s set 6$ in the ease of London 

to.ree•. 29 Startins froDI. a oompl~ set of MO • s 1 t b.e.s been necessary 



... ·. 

to assume the non-over lapp~ of AO 'a onJ.y for the first t'ol,U" MO 'a, 
. 2 . . 2' . 

( P
6 

ls) (au 1s) , tic pt into the K,l·b O..eription. ln general such 

an easumptiotJ. is muon more plausible. than requiring essentially the 

complete locali~~~ of the core electrons around different centers, 
·' 

each group Yith ita own d1-at1net eigenfunctions. 

finally "e observe that the s~ond order method which has been 

pret1ented in deWl in Section U, not only proviG.es an approximate 

but Vf(Jl:'J' convenient w.q of calculati~ the eaergy of a many eleetron 

system, but also a.Uove one to diaou.sa many of the correlation et'fe.cts 

in si1lple pb.yaical terms as s.hown al)o't'e. 
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v1. .H1Sl!¢ orAer eP.£r!~~iQn ztter~ 

for simplicity the t~atment presented in this article has been 

{ &O tar ( cont:ined to second. erd.er. ln seeond wdel) ¢0rrel.a.t1Cns among 
. . . 
more than t'WQ particles a.t a time are intrQd.uced onlt 'OJ the "excluaion" 

terms. for three ·-.n4 acre bod\Y "coulOml>'' correlations it is neoeasaey 

to go to hi per Criers ot perturbation .• ·"' In the system of a slngle 

;so. Actually a1f le.ast tor the l-ight atoms the 5pirical. work ot Are.± 

Md Ol11sh~ suggeeits the pa1l"W'UUe tldd1t1Yit1 of correlation effects. 

. ~-: 

e~ron ollts.1de closed shell-., 8CIIJl$ t-hird order correlation effects 

·1n1'luenoing the "cot'e-polar1&ati.on" eners1 (e.g. in Ne.) c&.n· be ;i.ntrodaced 

into !l . aa .an .ud.Hional potential by methods similat' to those in 
t 

se.ction I!, or by letting the. mean excitation energy/' ec: absorb 

tl'ie htgher oraer etf'ec.t.s seid-empirieal:cy. .A similar situation occu.rs in 
. . 

I,:;ndon 'forces812.; vh~~ the cprreapQ114lna mean enersies $re :round to be 

about twiee as lara• as the ionization pOtentials o£ interacting systems 

Vi'th. mo~e than two electrons. 

An intereSting ease Where higher order eorrel,ations r.ieaiu:·ve further 

,exam1nat1on i.e a non..;d.e6&nerate ts.:r-.tem of two f!llectrons outs.ide larg$ 



.·.·· 

4lasecl shells as in ca.. Mere aside trom .. the "exclusion R effects there 

WOUJ.d be a !t frOm the.~ ~t!pa on er. ot4tile ~electrons, and a . . . """':I ( e) \ S} 

"flue\ue.tion potentls.l" ( r ~i ... ( r ~2 ) 
2 

) / & (as in EQ.. ( 41)) 
.. 

· a4t1ng between tbe 'We (~) eleotrona (similar to the correlation of 
. . -

' 2 . . 
(~) in h). aovew.r the presenee of e large polariu.ble core inside 

introduce$ &4dit1onal effective inte~aetioi16 between the two outer 

eleetrou 1n b.iper orders as ee.n be seen by a crttde but suggestive 

classics:). ~t. C01l.Bi4er the o~ a$ a· charge sphere with po4u:'izabil1ty 

a and SB1!nane the two c;>uter ele(:t.rone to 'be I'.!I.Omel1ta.r1ly at rest (see Eq. {1)) - . . 

at .Uatancee !a. Ntd £e from th$ nucleu.s 'With an ~le !12 'between them. 
. .· ~ 

then eaeh el•ctron in4ttees a dipole DlGI1$rit of' c:Jr.1 at t.he core with 

'llbieh 1t int&ra~ts to yield au. energt - gj~ or the limit of ~ 1m 

·14.~ ( 46 ) as 4 approaches infinity. But in a.Mit1on, the dipole induced 

. . . . (') 2 2 
by the electron. at r1 acts on the electron at r 2 giV'1ng { t 12 "" .. a cos Q1:Jr1r 2J. 

lt 1~ interesting to note the similarity Qt this additional interaction 

·Qetween \he {~)2 , to the new third order inter&cttona3 introduced between - . 

tt10 -...leeulee by the pNse:n.<Je ot an adsorbing m.rt solid surface mod:if'ying 

their \lS.ual aecond order "dis);lUsion" a.ttraetion. 

Th~ 1a ($& case where liliUIY' eleotron correlations caa " easlly 

tnt~fld ani this 1a 1Jhen two ele4tl'GU groups .. !_ UJd ! may be a~1dered 

11.... 4-\o- th . ~.J t 6,8 ~1;e......-..r sepa;ratc!i M in ..._ usual •ory of van der waals forces. In 

this ~ we. can use aeoon~ erder Se~r perturbation theory with the 

c!Dat maxq electron e~i,.ntu.nctions tli k., t,/, of the unperturbed independent -- ~ 
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,, 

... ·' 

·52-

systeias. Then the unpertur'!Ded Hamiltonian !o • !!.A_ + !a' the basis set 
. . ., 

t ·•. • 1ft k t ·· and the W~anurba,tion ie the total 1nteraetion between A k-'!' A I ·. · _lr"' · -

and !. 81 ven b;r 

(6<>) 

where u • [ l. I = Alii t i S,,J I t·"' .tJ I 1 J , 

•AI refers to the interaction 'between the nuclei in A and the nuclei in B. 

tiAB is the elenrostatie potential. between pairs of electrons one 1n ~ 

(a~ t~) and the other in ! (lJB). tAk . and .(i are the set of exact 

e!gen.f\mctions of the isolated $}'Stemt\l ~ and ~ !iPd inelude the coordinates 

~f all the ele.ctra.n. .and even the l'Uiclei localized at A or B respectively.23 
. . . - -

.!ben tbe· int~~~~rsion• energy io given by: 

·"" 1:1. ok 1'5' k » o . .4 B "' k tl k '" k "' 1 1 th d mi t .. wnere e.g. uA • ~A ... A anu. . 'A "A • ~»A 'fA • nep ac ng e . eno · na or 



'by •*mean excitation energies'' and using Eq. (27) we get: 

(2) (AB) 
ildisp. 

where ~·i· 

"' ('ir' 1r )-1 ( . 2 2 "- r;;)A + u1 < oo.- V AB oo > - < o, W A o > 

2 2 "" < 0 I \1!5 0 > + < 00, v AI 00 :> ) 

182 < o, WA 0 >. < 

'With e.g~ ~ denQting all t~ and~· If~ and! are neutral systems., 

the last three tel'Ul.S of !q. (62) mq be negligible since ther depend on 

the stat.ie eh~ge distriblltions or t and.!· Then Eq. (62). takes on the 

. tom of the ~tluatuation potentialil et one system acting on the .other; i.e. 

2 
(2) < oo, vAll 00 > 

E. (d)= - (Q) 
di~p. iA + iB 

'fhu$ the "d1s~rsion" energy ?etween tvo isolated groups is simile.r to the 

"core-polar1,zationM energy (nee;lecting ex¢han,ge and overlap) when OB < o A· 

Same· t.reatment of course applies to the scattering of el~trons by atoms 
31 

as well. 

}1. A. Temkin, Phys • ~ev. 1071 1004 ( 1957) 
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Conata..r . now. Pt'll1 the UJJ! part ~t VAB (Bq. ( 60)) and in Eq. ( 64) 

.rite ~ in ~tailed form-;- -·. AD 

fl: • (2: l. )2. I ( 1 )a +·I ( .1 ·. ·u .. 
P.B u r .. 

rij ~ ~ 1.1 
--------- ) ( 6p) 

i,.J ·.1 j . '·I i,J,&r,s rs 

Sere ! e.:n.d ! ·are el~ct~na in ! and .J. .and ! are electrons in !· The 

(r~)a te ... 1!l E;,t. (4;) involve the coordin&tes ot only one electron at a 

time f1oom. ·~ group and tMlr contribution to Eq. (64) can be written in 

·terms of the first ori~ density matrices of A. a.nd B. TWo elect.rons 1 and r 
.. . . . - - --- -

h'Qm! ente~ e.J.ons With one or two electrons (J $11d a) from! into the 
~· ' . 

. ( ~· r!!) ~ and their contrtbuti{)n is in terms of the aee.ond order density 

· matrtces o~·!; an4 !.~2'''2 'Tbus aillee -.: and ~ are exact many olectrou 

. tunct101'l.I!Ct th$. eftects of the internal correlations ot' eaczh group on 

,2. J. ~en,. 1nye. Rev. 58, 727 (1940} • -

1(2 ) (~) bas be.ae 'brought in. 
M~ h~~~ 

:tn the ·Nile wa, it ~ be tllought( to use l1J&lY elertron functions to 

tiacuss ~ . intet-actiona between ever lapping groUps, sueh as the shells 

ot the !s atam, t0 :tntrocluce higher order correlations. But now, since 

the erou:ps ea.n 't really' be separ-.ted, it becomes necesser.y to use 

;'.genenli~ed orthogon&ltty conditions. "
10

"'3 ~e conditions are too 

,,. p. Q-. tykes and R. G. Parr, J. Chem. Phys. 24, 1166 {1956). 



!' 

~s1u.•iil-tive since they 1tnp4' tbe S\lbiUvision a one electron basis se~ into 

mu"tuallf exclusiv-e nbsets, one subset for each group. The Q.egree of such 

a re.-t,~lct.iQn. beea:nes partioul.arly apparent vhen e •. g. _!! is considered 

- it$~ of -~ .! ··- ~- problem. Thus e. sepa.ration of electron groups based 

a a complete .&ln$le electron basis sri ss in Section n, seems more 

plau.et.bl•. 

f 
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