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n-electron (n=2, 4, 6, 8) singlets as $* eigenfunctions were constructed by the method of
spin operators.

Introduction

Only for certain rather special forms of the potential function is the wave
equation completely soluble in closed terms; in general, different approximate
methods must be applied. The most important one of these methods is the general
method of configuration interaction. In the investigation of molecules by configura-
tion interaction one is usually faced with the problem of setting up the states of
definite multiplicity for the various configurations. If the states of the various con-
figurations are described by Slater determinants, the linear combination of Slater
determinants can be regarded as the best zero-order eigenfunction. Then, the energy,
to first order, is given by the roots of the usual secular equation. The secular deter-
minant can be broken down into a product of determinants of lower order by
means of the operators S?and S,. A simple and direct method to construct the suit-
able eigenfunctions for an n-electron system, fulfilling the operator equation of both
operators S2? and S, simultaneously, was suggested in former papers [1—3]. This
paper presents a brief discussion of the proposed operator technique developed for
the problem of n-electron (n=2, 4, 6, 8) singlets.

The spin operator

It is well known that the number of independent spin states is in fact [4]

n n
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This result may be justified by using the so-called branching diagram, a pictorial
description of adding the spin angular momenta of electrons one by one (Fig. 1).
As can be seen, the branching diagram not only shows how many states of
a given multiplicity there are for the n-electrons, but application of the methods



278 F. BERENCZ

of vector addition to the angular momentum immediately shows how the states are
actually constructed.

The method suggested for the construction of the S2 eigenfunction is nothing
else than the abstract formulation of the method of branching diagrams. If one
unites the part systems X, X;, X;, ..., Xg,_1, X,, containing x; electrons with
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then the spin operator which, when operating on the eigenfunctions of the

to a system X; X, X;... X, _1 X,, With the resulting spin

-.x2n

2 3
total S, operator related to maximal projections of total spin, creates each given-
function of the total S2 corresponding to its different eigenvalues, has according to
[2], (3. 10) the following form:

Xp—=Xo+Xg— .. +Xpn_1— Xy +l]1/2><

Oxx =
X3...Xs,,—1X
14243 2n-142n xl—x2+x3—‘..+x2,,_1+l
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Let us denote the Slater determinants describeing the states of n-electron sys-
tems as follows:

n=2
Ay = |af], A1 |Bod;
n=4
B, = |axfpl, B, = Iaﬂﬂal Bs = |ufaf|; B; = B{a~B); Bf =B;+B;
n==6
C, = |eaapBpl, C, = |oafBpol, Cs = |uapafl, C, = |axfupp],
= |epppPoa|, - Cs = |afaafl, C;=|aBBafal, Cs= |afocpp|,
Co = |eBepBo|, Cio= |apafaf|, C; = Cila~p), Cf=C;+C;;
n=8
= loowaffppl, D, = |aaxfofiffl, D; = |aeappfpel, D, = |eaaffafp,

D; = |aoafppafl,
D, = |eafopffal,
Dy = |xapppaapl,
Dy; = |opppapaal,
D, = |xppoafapl,
Dys = |appofpacl,
Dy = |ofoapBfal,
Dy = |afopBocpl,

The n-electron singlets

Dy = |oopofpBl, D
Dyo = |aafpBoapp,
Dyy = |eapBBapal,
D, = |aBpBocrfol,
Dy, = |afpofpol,
Dy = |aPaaafppl,
Dygy = |aBafaafp,
Dy, = |afappPopol,

= |eafopofpl,
D,, = joaBBafap),
Dy5 = |acBppBacy,
D,y = |xppPacapl,
Dyy = |afBafoaf,
Dyy = |aPacBappl,
Dy, = |apafafop|,
Dy; = |afafpfoal,

n-ELECTRON SINGLETS AS 5% EIGENFUNCTIONS
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X2n-lSX2n X

+ J
-qu-ssxzn-z) X

= |ouofappupl,
Dya = |aafBopBl,
Diq = |4 BpBanal,
Dy = |opBacafp,
Dy, = |apBapopal,
Diyg = |afocxfBap,
D3y = |afofafpal,
D; = Di(a~p),
Df = Di+D;.
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The relating eigenfunctions are as follows:

n=2
4
V2

¢% = OXI X2A1 = (AI_ZI);
4

n =
1 1
# = Oxnly = o= [BI-5 @1+ 8.

1
P} = Oxl...x.,Bs = _2‘(3;—3;);

n==6

| — — = = _ —
?f = Ox,x,C, = €[3(C1—C1)+C2+C3+C4+C5+C6+C7+Cs+C9+C10—
—(Cy+Cs+Cy+Cs+ Cg+ C; +Cs+ Cy + Cyo)l,

1 — . — _
453 = 0X1...X404 = ——[2(C2+C3)—2(C2+C3)+(C6+C7+C9+Cw)—

2V6
—(Cs+C;+Cy+Cy),
1

6Y2

+(Co+Cr+ Cy+Crp) — (Cs+ C7+ Co+ Cry)l,

...X4C5 = [4(C4" 64) +2(62 + 63+C5+ Cs)— 2(C2 +Ca + 65+Cs)+

I

i = Ox,..x,Ce = [2(C5+CS)_2(C5+C—8)+(CG+C7+69+ Cm\)"

2Y6
—(Ce+C7+Co+ Cho)l,
1 — — -
& = Ox,..x,C0 = E[CG+C7+C9+C10_(CG+ C;+Co+ Cpol;
n=2_§
V5

@8 = Oy, x,Dy = == [D} +2(Dly+ D} + Dly + Diy + Dy + Dl + Dy + Dy +

60
+ D3+ D+ D3y + Dy + D3y + D3, + D3y + D33 + D3y + D) —
—3(D}+ D} + Df + Df + Dt + D} + D} + D¢ + D¥s+ D¥; + Dfs +

+ D}y + D3+ D3; + D3y + D3y),



<pg = Oxl . Xa Ds

¢g = 0X1...X4-D4

gpg = Oxl...nDz

qj? = Oxl...x..‘Dm

qjg_-‘: Oxl...x‘,Dn

T
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2
48
+ Dys + Dyg+ Doy + Do) + 4(D§ + Do + Diy + DYy + Doy + D33 +
+ Doy + D3y + D3+ D3,) ~ 12D5 — 4(Dg+ Dy + Dy3 + Dig+ Dop +
+ Doy + Dog+ Dyy + Dy3) — (Ds + Dyy + Diz+ D1g 4 Do -+ Doy +
+ Dos+ Dy + D)l

6
= 1‘;; [6D5 + 18D, + 8(D}; + D3y + D3;) +4(D§ + Dy + D +

+ DYy + Dy + D}y + D33+ D3y + D3y + D3y + D§, + D) + 2(Dg +

+ Do+ Dy + D1z ++ Dr1g+ Do+ Doy + Doy + Dog + Dyg + Dy + Dyp) —
—18(D,+ D,,) —8(D5 + D}, + D}, + D} + D} + D3)—6(D; +

+ D10+ D17+ Das + Doy + Do) — 3(D5 + DF) — 9(Dy + Ds) —

—6(Dg+ Dyg + Doy) ~ (DYs + Dfy + D3 + Dy + D3y + D3,) —
~3(D13+ D14+ Doy + Doy + D3 + D)),

3 .
= % [9DF 4+ 2(D33 + Diy + D35 + D3y + D3, + D3 + D33 + Dy +

~3(D5 + Df + D3 + D§ + Dis + D) — 2(Dfy + Diy + Dy + D3y +
+ D33+ D35 + D3y + D3y + D)),

(12D3 +9(D; + Dy+ Dy) + 6(Dg + Dy + Dyg+ Dy + Dz +

: o ) » :
= ﬁ'[16(D11+Dl?)+(Dl3+D14+D20+D25+D30+D35)+

+8(Dy+Dy)+6(Dy+ Dy + Dg+ Dy + Dy + Dyg + Dog + Dyg) +
+4(Diy+ Dis) —2D15 + D3y + D3y + D33 + D3y + D3y + D3 + D +
+ D33 —2(Dy+ Dyy + Dig+ Dyg+ D1y + Dig+ Dyy + Doy + D5 +

+ Dyg + Doy + Dy + D3], . Y

V3 - _
= ﬂ (8 (D14 + D+ Dy + D29) +4(Dy+ Dy + Dy, + Dy;) +

+ 3(D3+ Dy + Do) + 2(D3 + D3y + Dz + Dig) + Dy + Dy —
~6(D,+ Dy + Dg) —4(D12+ Dyg) — 3(Ds+ Dg) —2(D3 + Dy +
+D;‘1+D;‘4)]9
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Qg = Oxl...X‘DG

¢§ = 0X1...X¢D8

D3 = Oy, .. x,D;

8 __ —
Dy = Oy,..x, D2 =

"Dgl = Ox,...stzs

8 _
'¢12 - OX1...X3D27
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6 — _ _
= 4TV—2‘ (72D +24(Dy3+ D1y + D5 + Dy;) + 12(Dy3 + Dy + DYy +

+ Dis+ Diy + D33+ D3y + Do + D3y + Dog+ Doy + D3y + Dy + Dyy) +

+9(Dyy + Dyp) + 6(Dy + Dog + Dyg) — 36 (DY + Dyg) — 28 Dy —

~—24(D;+ Di 4 Dy + Dyg+ D1y + D12) —21(Dyy + Dyp) —

—18(D;4 Dyg—15(Dygy + Dyy) — 12(D¥y + Doy + Dyo + Dy +

+ D3, + Dy5)—4D2),

1
36

+ Dyy) + D}, + D%y + D%, + Di;— 36D, — 14(Dys + Dyg) — 12(D, +

+D,+ D5+ Dyg+ Dy + Dog+ Do) — 4D —2(Dyp+ Dy + Dy +

+ Dig+ Dog) — (Dyy + D13+ D3 + D33+ D3, + D3y)),

3 D. D. D *
= %[SD:_2D7+4(DT5+D18+D19+D23+D29)+2(D11—|-D1*2+

+ Dig+ D19+ Doy + D35 + Dog + Doy + Dy + D35) + Dy + Dy + Dy, +
+ Doy + Dy + Dgg+ Dy~ 5Dy — 3(Dg+ Dy + Dy — 4(Dg + Dy +

[32Dg+ 14(Dyy+ Dyg) + 12Dy3 +4Dg + 2(DYy + Dfy + Dyg +

+ Do+ Dyg+ Dy + D3y + Doy + D+ Dy;) —2(Dy + Do+ Dy + Dy +

+ D13+ Do+ D+ DYy + D3y + Dy + Dy;) — Do),

2

12

— 3D} — (D3 + Dfy + D} + D%, + D3 + D3y + D3+ D, + D3y)l,
V3

= ﬁ‘[4(1_)3"‘59)+2(D;9+D22+D28+529+D32) +(511 ‘*‘522"‘

[3D3% + Di;+ Dy + Dy + D3 + D3y + D35 + D3y + Dy + D3 —

+ Dyy+ Dgg+ Dgy — 14D, — 6(Dy+ Dy + Dg) —4(Dy+ Dg+ Do+ D7) —
—2(D;+ D1g+ Dis + Dyg + Dyg) — (D13 + D3y + D3 + D3y + D)),

| R — - ~ —
= E[4(D2B+D§7)+2(D18+D19+D20+D25+D30+D35)+D21+

+ Dyy+ Dyy + Doy + Dyy + Dyo + Dyg + Dyy — 4(Dys + Di7) —
—2(Dao+ Dy + Dog+ Doy + Do + Dy5) — (Dyy + Doy + Doy + Doy +
+ Dygy + Dgy + Dygg -+ Dyy)],
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V3
24
—4(D}y+ Dy;) — 2(D3, + Dy + D33 + D3y) — Dys),

@3 = Ox, .. x,D30 = [4(Dgo + D3s) + 2(D, + Do + D3s + D3g) + Dyo —

| 1 _ - _
DY = Oy, x, D5 = Z[D;2+D§3+D31 —2D5 — (D + Dyg+ D3 + D3y + Dyg +

+ D35+ D3 + Dyy)].
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n-EJJEKTPOH (n=2, 4, 6 8) CUHI'JIETbI KAK COBCTBEHHBIE ®YHKIIUN S*
D, bepeny

n-enexktpou (n=2, 4, 6, 8) CMHIIIETHI, Kak cOOCTBeHHBIE GYHKIIMHM S? OBUIM MOJYYEHEl METOIOM
CIMHOBBIX ONEPATOPOB.



