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1 Second-Order Diagrams
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2 Spin-Unrestricted HK Approach

2.1 QDPT Fock Matrix

2.1.1 Core Fock Matrix
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2.2  One-Electron Interaction

With DF approach:
Naux 0 0 Naux occ 0 0
o o c rQt
gpq - (1 - 6176]) qu + Z bl)qJ B Z Zbl’m/qu/
0 o mw
ﬁ ﬁ Naux 0 0 Naux occ 0 0
. c
gpq - (1 _Spq) qu + Z bﬁq_J N Z - bﬁ”_l/bﬁ";/
(0] m
where

occ occ

o=y, + Yl
m m

S8

ey

2)

3)

“4)

(&)

(6)



2.3 The Reference Energy

Enf = ), 81+811> + Z(gi"‘gii)
1 B
1 I, gy
-3 (L1 pr — EZOJHIJ)DF — Y {jlj)pr
LJ i,j Lj

2.4 First-Order Diagrams

The modified operator W’ (1); it has no diagonal contribution here because

(W' Vj0) = o

(7

®)

The off-diagonal part of the first-order level-shift operator is represented by the two diagrams.

The first diagram represents a single replacement for the final (bra) state relative to the initial (ket)

state, with matrix element

~ Al
WII;‘ = &A1

.
W = gar

The second diagram represents a double replacement, with matrix element

ardb "W
) (@b'||i'j')pr
Wil = (I'j|A'Y)pr
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2.5 First-Order Amplitudes

Let us define

0D} = ga (14)
t'Df = gai (15)
and

1D = (IJ||AB)pr (16)
(DY = (ijllab)pr (17)
4D = (1jlAb)pr (18)

where
D} = fu—fa (19)
D} = fi— fua (20)
DY} = fu+fi— faa— f5s 21)
D?f = fitfij— Jaa— fob (22)
D?}’ = fu+/fjj—faa— Job (23)
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2.6 Second-Order Diagrams

2.6.1 The Diagonal Term

2.6.2 Single Replacements

o-Block:

!/
Wi =

E, = Zt?glA + Ztiagia
OCL vir
+ —ZZIH (IJ||AB) pr
IJAB
1 occ vir
+ —ZZt (ij||ab)pF
i,j ab
occ vir
+ Y Y #71j1Ab) pr (24)
1,jAb
Zz,,, (A'1|AB)pr + Y 13?7 (Ai|Ab) pr
IAB iAb
— —Zt (LJ||[I'A)pr — Z “Ij|l'a)pr
IJA lja
+ Ztﬂ[ 8iA + Zt}é;aé’ia
1A ia
+ YA A e + Y i (Alill'a) pF
1A ia
+ fo}gA'A
A
(25)
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B-Block:

Wi = _Zz (dillabypr + Y 1 (1d'|Ab) pr
tab IAD
— —Zt (ij|li'a)pF Z I]]Az
ija 1jA

+ Zt,-/,- gia + Zti‘,-f"gm

+ Z f(dil|{'a)pr +Zf1 (1d'|A7) pr

+ Zt’gaa

- ;tl. - (26)

2.6.3 Double Replacements

oo-Block:

whE = Zt,,,,ABHAB
+ EZtﬁB/(IJ]]I'J’)DF
1J

+ P,( {Ztl’l AIHAJ DF — ZII/ A/l|Ja>DF}
ia

+ P /B/ Zt”/gB/A

- qu 81y

+ P_(I'V") Zr,,AB'|\1’A>DF
A

— PLA'B)Y B (AT ) pF (27)
1

S12



B B-Block:
ab —Zt (d'V||ab)pr
+ —Zt (ijlli'j
+ P_(i'j/)P_(a/b'){Ztil?: (d'il|laj’)p Zt (Id'|Aj DF}
ia

+ P_ (Cl/b/) Ztiﬁ’lﬂgb’a

. Zta b’glj

+ Zt (d'b||i'd)pr

— P_(d'b) Zti (dil|li'j"\pr (28)
i
o3-Block:

Wit = Zz,,,Ab/|Ab
+ Z gy
— Zr,, (A'i|Aj\pF — Z A'TIAL) pr + Zr (A'ill'a)pr
— Zt,, (t'illaj"ypr + Zr,,, (Ib'|Aj)p Zt;‘“ (Ib'|I'a) pr
+ pr/gb' + le 7 8AA

- Ztﬂ 8ij — thj' 8
1
+ Z (5(A'Y |I'a)pr + Y 1 (A'V|A] ) pF
a A

— Y AN e — Y b)) pr (29)
i 1
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2.6.4 Triple Replacements

aoa-Block:
WiBS = PUT/K)P(A[B'C) Y. th M B'C'||AK) pF
A
P(I'/TK\P(A'B /C) Yt B (IC'||TK ) p (30)
1
B B B-Block:
whs = P )P D) Zt ' ||ak'y pr
P(i'/jK PV /) Zt (i’ ||j'kYpr (31)
oo 3-Block:
WiES — P (A'B Zrﬁ';} B'¢'|AK) pr

+ P_(A'B) Zt,k, (IB'||J'T") pF
+ P_(I')) Zt,,k, (B'A'||AI') pF
+ P_(I'V) Z,,, (I \T'K) pF
+ P_(I'J')P_(A'B) ZW (B'd'|Ja)p

+ P_( (A’B") Zt AHIK ) pr (32)
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o B-Block:

Wilhs = P_(jK) Zz,,, (B¢ ||ak') pr
+ P_(j'K) Zz (AiI'K ) pr
+ b/ / Zt lb/H]/k/

+ b”Zt (A'D'[I'a)p

+ P_(j/K)P_(V') Zt,, V(A |AK ) pr

+ P_(jK)P b”Zz,k, (1c'|r'y')

where

P(ij/k) = 1=2P(ik) = Z(jk)

P(i/jk) = 1=2(ij) = 2(ik)
where Z(ij) acts to permute the indices i, j.

2.7 QDPT2 Sigma

eff(2 1 2
HET® = Eyopbup+ W3 + Wy

QDPT?2 o defined as follows,

ZHeff
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Hence

Cu = Erefca+§w/(;)cﬁ+§w(2cﬁ (39)
Gu = Empzca+B§ willes +ﬁ§ wieg (40)
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