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

Introduction

In previous papers [1—3] using the abstract formulation of the method of
branching diagrams, a spin operator was constructed with the so-called S* step up
and S~ step down spin operator which, when operating on the eigenfunctions of
the total S, spin operator related to maximal projections of total spin, creates each
eigen-function of the total S2 corresponding to its different eigenvalues. The branch-
ing diagram has the form:
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and the formula of the operator is as follows:
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In a next paper [4] with the proposed operator technique the n-electron
(n=2, 4,6, 8) singlets as S? eigenfunctions were constructed.

Since in the investigation of molecules by configuration interaction, by one
of the most important method of quantum chemistry, all the states of definite multi-
plicity for the various configurations are required, in the present paper the n-electron
(n=2,4,6,8) triplets as S? eigenfunctions were constructed.

The n-electron triplets

Let us denote the Slater determinants describing the states of n-electron systems
as follows

n=2
A = |l
n=4
B, = |aaaB|, B, = |aaxBax|, By = |xfax|, B, = |Poow.
n==6 '
C, = |oaaxpfl, C, = jooafpfa]|, C; = |axafafl,
C, = |aafBaa|, C; = |aafaafl], C¢ = |xxfafal,
C; = |apacafl, Cy = lapacfal, Cy = |apapoal,

Cy = |appaoa], Cyy = |BPooxa|, Cyy = |Bafooal,
Cis = |Bacfoa|, Cyy = |foaafa|, C,5 = |frocapl.
n=2_§8

D, = |oxaoaBBB|, D, = laxaafBfal, D; = |axacappaf],
D, = |aaaxBaBpl, Ds = |xaafpPac|, D¢ = |axaffaafl,
: = |ecaBBaBa|, Dy = |naxfaaffB|, D, = |axafaffal,
D,y = |oaafafafBl, Dy = |xapPacaf|, D, = |aapfaafal,
D,; = |wafBafac|, D,y = |xofacafp|, D,; = |aafaafpal,
D,y = |aafapPac|, D;; = |axfoaafux|, D,z = |aafofaaf],
D,y = laaBafafal, Dy = |aBaxaaBBl, Dy = |ofocaffol,
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Dy, = |aBacafaf|, D,y = |afaaffon|, Dyy = |afaafoaf,
D,; = |afoafaBal, D26 = |afopooaf|, Dy = |afafanfal,
Dy = [foafapac|, Doy = |afffocaal, Diy = oo Boxara 3],
Dy, = |appooafa|, Di = |afPafaow|, Dy = |affoxfocl,
Dy, = |afafBaca|, Ds; = |aafffoau|, Dgs = |BBProtooal,
Dy, = |BPraanaf|, Dis = |fPocanfal, Dsy = |BPacafacl,
D,y = |BPaafona|, Dy = |BBafacan|, Dy = |facacaff),
D,; = |Pocaaffa|, Dy = |Boooafaf|, D, = |Baoaffocl,
Dy, = |PocafaBa|, Dy = \Baoafaaf|, D,s = |Boaxfooafl,
D,y = |Paxfacfa|, Dsy = |pasfofan|, Dy = |Pacffaoz|,
D, = |paffacoc}, Dgz = |BaBocof], Ds, = |Bofoxafarl,
Dy, = |PaBacfaa|, Dsg = |Bofofooc!.

The relating eigenfunctions are as follows

n=2
P = A.
n=4
1
&1 = Oy,x,B, = __]/—1_2— (3B, —(B;+ B3+ B,)];
1
P} = Ox,x,B: = V—6[2B2_(B3+B4)];
L

@3 = Ox,x,B; = (33—34)-_ )

V2
n==~6
1
D} = Oy,x,C1 = %[12C1'—3(C2+C3+C5+C6+C7+C8+C14+C15)+
+2(Cy+Co+ Cy+Cyy + Cia+ Cii)l;

1 ' o
DS = Ox,x,Co = —=[12C;—4(Cy+ C + Cg+ Cy+ C134 Cyy) +4(Cro+ Cy 1 + Cpo)l;

12V2
1 : g,
ng = 0X1...X4C3 = TZ—[9C3—3(C2+C5+C7+C15)—2(C4+C9+C13)+

+2(Co+Cs+Cro+Ciy + Cra + Cil;
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1

D} = Oy, x,Ca = ‘z'ﬁ[2C4-(C9+C10+C12+C13)+2C11];
1

= Oy, . x,Cs= 6—V§[6C5—3(C-,+C15)—2(C4+C6)—(C10+C12) +Ce+Cy+

+2C; +Ci3+ Cuyl;

1
D = Oy, x,Coe= 3 [4Cs —2(Cy+Cs+Cry) = (Cro+ Cia) + Cy +2C1 + Cy];

1
P = Oy, . x,C: = —=[3(C7—Cy5) = (Cs+ Co+ C19) + C12 + Cy3+ Cyyl;

2V6
! )
P§ = Oy, . x,Cs = ;V—§[2(C8—C14)—(C9+Cm)+C12+C13]§
1
P = Oy, .. x,Co = 7[C9+ Cia—(Cyo+Cyy)l.
n=2_§

1
qsg = 0X1... Xle = —E[]ODI+D5+D6+D7+D11+D12+D13+DIG+D18+ Dy +

102
+ Dys+ Doy + Doz + Dog + Dog + Dog + Dy + D3y + Dy + Dy +- D3 + Dy + Dy +
+ Dyg+ Dyz 4+ Dyg+ Dyg + D3o+ D3z + D3y + D55 — 2(Dy+ D3+ Dy+ D+ Dy + Dyp +
+Dyy+ Dys+ D1y + Doy + Doy + Doy + Dyg -+ Dyg + Dyy) — (Dag + Do + Dy + Dy +
+ D3g+ Dyg+ Day + Dsy + Dz + Dse)];

1

D3 = Oy, x,D: = m[12D2—3(05+D7+D9+D15+D16+Dl9+D21+D23+ Dy +

+ Dyg+ Dys+ Dyg) + 2(Dy2 + Dyz + Do; + Dog + Dyy + Dyy + Dyg + D3g + D3 + Dyg +
+ Dgg+ Dy + Dyg + Dsg + D3y + D3y + Ds5 + Disg) + 3(Dsg+ D3g + Dy + Ds)];

1
@3 = Ox,..x, D5 = :18—]/5 [72D434 66( D13+ Dyg + Do + Dyg + D3y + Dy5+ D3y + Dyg +
+ Dgg + D5y + Dz + Dsg) + 12(Dyy + Dg + D3o + Dz + Dyg + Dsg) +6 (D7 + Dy +
+ Dy5+ Dyg+ Doy + Do + Dyg + Dyg) — 24D, — 18(Dg + D1y + Dz + Dyg + Dyp +
+ Dyy+ Dyy+ Dyz) — 12(D5 + Dy + Day + Dy5) — 3(Dag + Dag+ Dyy + Dse) — (D1 +

+ Doy + D3y + Dy + Dyg + D34)];

1 .
Pt = Oyx,..x,Di = m [48D,4+6(D; + Dyg+ Doz + Dy5) +4(Dsp + D3y + Dy; +
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+ Dyy+ D51+ Dsg) +6(Dyy + Dya+ Dog + Doy + Doy + Dgy + Dy; + Dyg + Dyg + Dy +
+ Dy +Dsy) —9(Dy+ D+ Dyg+ Dyg+ Doy + Dys + Dy + D7) +3(Dg + Dyp+ Dys +
+ Dy+ Doy + Doy + Dyg+ Dyg) — 12(Dy + D3+ Dg + Dyy + Doy + Dyo) — 6(Dye +

+ Dys+ Day + D) —4(Dy3+ Dog + Dy + Do + Do+ Ds;5)];

1
P8 = Oy, x, D5 = 3 [3(Ds— D3g) + Dag + Dyp + Dy + Dy + Dyo+ Dyy + Do+ D5 +
+ Dsg— (D13 + Dy + Dos + Dyg + D3y + Dys + D5 + Dyo + D5

1
D Oy, x, D¢ = —=1{9D6+2(D3y+ D3; + D)) + D1p + Dyg+ Dyg+ Dy + Doy +

6Y6
4+ Dys + Doy + Dyg+ Dog+ Dgo + Dyg+ Dy + Dys + Dyg+ Dyg + Dgg + Do + Dy —
—(Dgy+ D3g+ Dgg + Dyg+ Dgy 4+ Dy5) — 3(D5+ Dy + Dyg + Doy + Dag + Dy5 + Dgg +
+ Dyz + Dsy)];

1
6V3
+ Dgo+ Dyg+ Dyy + Dys + Do+ Dso + Dgg — 3(D5 + Dyg) —2(Dyo + Dyg + Dos +
+ Dy + b4s + Dyg) = (Dgg+ Dy + Dyg5 + Dy + Dy + Di5)];

7 = Oy, .. x,D7 = [6D7 +2(D3y + Dag + Dsy) + Dy + D1g+ Doy + Dag + Dag +-

1
@ = Oy, . x,Dy = ——=[12D3+2(D3y+ D3, + D3y + D3g + D5y + Dsy) +8(Dy3 +

48Y5
+ Das + D3y + Dys + Dso + Ds1) +6(Dys + Dz +Dig + Dyg+ Doy + Dog + Doy + Do +
4+ D3+ Dyy+ Dyg+ Dyz) +4(Dag + Dy + Ds55) — 3D —24(Dys + Dy + Do) —
—28(Dg+ Dy + Dy + Dyg) — 12(Dyy + Dyo + Dyg+ Dyg + Dyg + Dyg + Dyg) — 8(Dya +
+ D334 Dyg+ Dyg+ D35+ D3g) —4(Dyg + Doy + Dyy)];

1 .
D = Oy, . x,Dy = EIE [9Dy +2(D3y + Dyz + Dgy + Dis + Dyg + Dy + Dsy + Dsg +

+ Dyg) - Dig+ Dig+ Doy + Dys + Doy + Dyy + Dys + Dyg+ D5y — 3(Ds + Dy + Dy +
+ Dyy + Dyg+ Dy3) —2(Dyp + Dy + Dyg + Dag + Day + Dyg + Dyg + Do+ D)l

1 .
DYy = Oy, x,D10 = ——=[27D1+6(D3y+ D7+ Ds3) +4(Dg3 + Dy + Dys +AD:39 +

24Y3
Dy +Dsg) +3(D7+ D15+ Dig+ Doy + Doy + Dy + Dy7) — 2(Dyg + Dy + Dog +
+ Dyy+ Dog+ Dyy + Dy5 + Dyg + Dy5) —9(Dg + Dy + Dy + Doy + Dyg) ~ 6 (D5 +
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+ Dyy + Dyg+ Dyg+ Dyg) —4(D13+ Dog + Dy + Dyg + Do+ D) — 2(Dgy + Dys +
+ D3y) — (Dyg + Doz + Dyg)l;
1
P} = Oy, x,Du = 34 [12(Dy1 + Dy7) + 3(Dy+ Dyy) +2(Doy + Dog+ Dgy + Dy +

+ Dg3+ Dy, + Dyg + Dyo+ D3y + D3y + Dsg + Dsg) — 6(Dog + Dy + Dyg + Ds3) —
—4(Dyo+ D3+ Dss) — (Dgg+ Dyg + Dyo)l;

(p§2 = 0x1 x.Dm = [4(012 + Das) + Doy + Daz + Das + Dsd + DaO + Dal + D55+

61/_

+ D3g—2(D13+ Doz + Doy + Dys + Dgg + Dyg+ Dyg + D54)];

1
DY = Oy, x,D13 = —=[2(D13+ D32+ D3y + D3y + Dy + Dyg) — 2(Dss5 + Dy) —

26
—(Dyg+ Dy + D3y + Dss)] ;
DYy = Oy, . x, D1 D V— [24D14+6(Dy; + Dyg) + 4(Dy3+ Dy + Dyz) + 3(Dyy +

+ Dyy + Dy + Doz + Dog+ Doy + Dyg + Dyy + Dyg + Dy7 + Dyg + Dyg) +2(Dyg+ Dz +
+ Dy3+ Dyp + Dss + D) — 12(Dyg + Dyp) —6(Dyy + D1p + D15+ Dyy + Dyg 4 Dig) —
—4(Dgy+ Dyg+ Dyy) — 3(Dyg + Day + Dz + Dsg) — 2(Dgg + Dyg + Dy + Dy +

+ Dso + Ds))l;

1 .
DY = Ox, . x, D15 = —=1[6D15+2(D3g+ Dyg) + Doz + Dys + Dy7 + Dyg + Dyy + Dys +

6V3
+Dyg+ Dyg+ D3g— 3(Dyy + Dys) — 2(D1p + Dya + D1g+ D19+ Dyg + Dyy) — (D3 +
+ Dy3+ Dy5+ Dyg+ Dgy + Dsa+ Di5)];

1
= [4(D16 — Dyy) +2(Dgg + Dyg + Dgg + Dsy) + Dyg + Dyy +

6V2

+ D3o+ D5y — 2(D13+ Doy + Dy + Dy5) — (Das + Dyg + Di5 + D)5

8 __ —
QIG'_ 0X1...XAD.16 it

1 N
D%, = Ox, . x, D17 = —=118D;+6D3; +4(D35 + Dyg) + 3(Dyy + Dyy + Dy + Dis +

6Y12
+ Dy + Dyg) +2(Dyg + Dy + Dyg + Dig + Dyg + Dgg + Dyg + Dy + Dy + Dy + *
+ Day + Dy — 9Dz + Do) — 6(Day +:Dys + Dys) — 4 (Dis + Dyg + Dy Dag) —
3(Ds3o + Ds3) = 2(Dgs + Dyy + Dy o+ D5y +-Ds5) — (Do A: Dyj 4 Dyg+ Dyg)]; -
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1 .
P55 = Oy, . x,Dis = —=[12D15+6Dg; + 3(Dyg + Dyg) +2(Dyp + D13+ Dyy + D5 +

1273
+ Dag + Dag+ Das + Dag + Dsp) + Dy1 + Dy + Dy + Dy + Dy + Dss = 6(Dyy + Doy +
+ Dyz) — 4(D1g+ Dyg+ Dyy) — 3(Dao+ Dss) — 2(Dys + Dag + Dig) — (Dyy + Dy +
+ Dyp + Dyg+ Dsy + Dso)l;

1
616
+ Dyy + Ds5) + Dy + Dgy + Do — 4(Dyy + Dyg + Dy + Dyy + Dyg) — 2 (D5 + Dy +
+ Do+ D,g) — (Dog + Dy + Dso + Dy + Dso)l;

(pflge = OX,...stls = [8019+4D38+2(D13+023+D27+D29+Dg1+D40+D45 +

1
d5§0 = Oxl...x4D20 = ———=[12(Dgy— Dyp) + 3(Dys+ Dyy+ Dyg+ Dy; + Dyg+ Dyg +

125
+ Dyg+ Dyy) +2(Doy + Doy + Dog + Dap + Dy + Dyy) — 3(Dyy + Doy + D3y 4 D5 +
+ Dyg+ Dy7 + Dygy+ D3y) — 2(Dy5 + Dsg + Dy + Dig + Dys + Dse)];
1
9% = Oy, . x,Dn = g[3(021—D43)+D29+D32+D34+D45+D46+D49+D50+

+ Dy + Dj5 — (Dyg + Do+ Doy + Dyg + Dyy + Doy + Dyy + Dyy + Dip)l;

. 1 v
D3, = Ox, . x, Do = ——=[9(D2o— Dya) +3(Dy3+ Dyy + Dyg+ Ds3) + 2 (Dyg -+ Do +

1272
+ D3y + Dys+ Dy + Ds5) + D5+ Doy + Dy — 3(Dyy + Doy + Do + Dyg) —2(Dyy +
+ Dyg+ Dy + Dy + Dsy + Dyg) — (Dyg + Dyg + Dsy)];

1
93 = Oy, .. x, D23 = —6[2(D23+D29—D45—D52) + Dsy+ Dy + Dys + Dy —

26

— (Dag + D3y + Dgz + Dyy)};
1
@3 = Oy, . x,Du = o [6(Dgy — Dyq) +3(Dyg + Ds3) + 2(Dgg + Dys + Dyg) + Doy +

+ Dyg+ Dyy + D3y + Dg; + Dsg — 3(Dag + Dyp) — 2(Dag + Das + Dsp) — (Dgp 4+ Dy +
+ Dy + Dyo+ Dyy + Ds5)];

1
¢55 = 0X1...X6D25 = —6“73[4(D25"D46)+2(D29+D45 + Dyg +D54)+D28 + Dy3 +

+ Dgy + Dsg— 2(Dos + Doy + Dy + D) — (D3g + D3y + Do+ Ds5)l;
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1
‘D3 = Oy, .. xgDog = —=[3(Dos — D3y~ Dyg + Dy3) + Dgy + D3s + D33 + Dyg+ Dso +

4y3
+ Dyy — (Dyy + Dyg + Doy + Dy + D35 + D))
Dy = Oy, x,D07 = ZLVE [2(Dg7— D31 — Dyg+ D3y) + D3o + Dyy + Do+ Dy, —
— (Dgg+ Dyq + D35 + Dyg)];
Dy = Oy, . x,Dog = 1 [Dog + Dgo + Dsy + Dy5 — (Dgg + Dyg + Dyg + D))

2Y2
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n-DJIEKTPOH (n=2, 4, 6, 8) TPUNJETBI KAK COBCTBEHHBIE ®YHKLIUU S*
@. Bepeny

n-37eKTpOH (=2, 4, 6, 8) TpumnieTsl, KaK COOCTBEHHbIE QYHKUMH S ObUIH CO3AAHBI METOAOM
CNUHOBBIX ONEPATOPOB.



