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Figure 1. Schematic representation of the two-step
Hamiltonian diagonalization in van Vleck perturbation
theory. The Hamiltonian is first block-diagonalized and then

diagonalized.
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Figure 2. Nine excitation patterns appearing in the intermediate
states /. Four excitation patterns in the red square are those

approximated by Eq. (10).
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Table 1.

Vertical excitation energies of methyl iodide CH3l in eV

MRSD (12,20)" MRS (12,24)" MRS (12,36)°
state reference reference reference d R
GMC-QDPT GMC-QDPT GMC-QDPT  SO-MCQDPT exp.
space CI space CI space CI
1E 4.87 4.09 4.73 4.06 4.45 4.07 4.16 -
2E 5.06 4.26 4.92 423 4.63 423 4.30 4.13
1A 5.47 4.65 5.33 4.62 5.02 4.63 4.65 -
2A 5.56 4.71 5.44 4.67 5.13 4.68 4.69 4.75
3E 5.93 5.06 5.80 5.03 5.50 5.05 5.03 5.17

* MRSD active space constructed from 12 electrons and 20 spinors. ® MRS active space constructed from 12 electrons and 24 spinors.

© MRS active space constructed from 12 electrons and 36 spinors. 4 Reference 19. © Reference 20.
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Table 2. Energies of the lowest terms of C, Si, and Ge atoms in cm . The values in the parentheses are the errors in percent from

experimental values.

term reference space CI GMC-QDPT SO-MCQDPT" exp.
C
Py 0 0 0 0
°py 15.48 (-5.6) 15.69 (—4.3) 13.27 (-19.1) 16.40
’p, 40.49 (-6.7) 41.56 (—4.2) 39.57 (—8.8) 43.40
'D, 12798.92 (25.6) 10323.98 (1.3) 10250.81 (0.6) 10192.63
'Sy 20952.87 (-3.2) 21041.33 (-2.8) 21106.28 (-2.5) 21648.01
Si
*Po 0 0 0 0
’p, 71.78 (—6.9) 74.55 (—3.3) 62.33 (—19.2) 77.11
°P, 208.06 (—6.8) 215.63 (-3.4) 181.26 (—18.8) 223.16
'D, 8586.97 (36.3) 6378.96 (1.3) 6284.01 (—0.2) 6298.85
'S 14882.64 (—3.3) 14904.32 (-3.2) 14752.15 (—4.2) 15394.36
Ge
*Po 0 0 0 0
’p, 455.95 (-19.2) 532.61 (—4.4) 443.92 (-20.3) 557.13
’p, 1170.59 (=17.0) 1343.99 (—4.7) 1152.07 (—18.3) 1409.96
'D, 9172.17 (28.7) 7197.43 (1.0) 7118.54 (-0.1) 7125.30
'So 16528.28 (1.0) 16001.39 (-2.2) 16286.67 (—0.5) 16367.33

? Reference 21. ° Reference 22.
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Table 3. d—d Excitation energy of [PtC14]2_ ineV

reference semi-approx.

full approx.

state GMC-QDPT* TDDFT®  band exp.
space CI GMC-QDPT GMC-QDPT
1A1g 2.13 2.06 1.80 1.98 2.30
1Az 2.20 2.14 1.89 2.06 2.34
2.06-2.14
1Eg 2.24 2.20 1.89 2.11 2.38 1
(peak value: 2.12)

1B2g 2.31 2.46 2.00 2.40 2.49 2 2.16-2.29 (2.24)
1Big 2.59 2.55 2.19 2.47 2.59

} 3 2.42-2.60 (2.57)
2E, 2.63 2.64 2.26 2.56 2.69
2A1g 3.15 2.83 2.55 2.72 2.98

} 4 2.84-3.05 (2.97)
3E, 3.19 3.01 2.71 2.94 3.03
2A2 3.54 3.20 2.98 3.10 3.19
2B2g 3.49 343 3.17 3.38 343 5 3.08-3.33 (3.23)
4E, 3.85 3.60 3.39 3.54 3.50

} 6 3.41-3.91 (3.67)
2Big 3.89 3.86 3.55 3.82 3.53

% Reference 15. ° Reference 23.
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) ¥ F IV GMC-QDPT DFE R, 3 X TOIEE
X0 T U TAER (FEXEFLTIE, full approximate
GMC-QDPT &9 %), IRAELM-KIEXOH Rz, X
Te, B & U TR Z 5 LB (time-dependent
density functional theory; TDDFT) DR ZIHEMEE & &
KTV 3. REEH e DKL 3V F—I1d 3
Bl XV—BERL TS, RABXUEEEE,
TNFEN, 022eVE011eVTHB. 4V VI IVGMC-
QDPT L DR TE, FREF01eVULTEE>TWVD
TANRTOEZALLTAERE, 4V I F)ILE DTk
FRUTEFEIIRE LT, LA LAEDDL, 2RI
Fe T 3OV F =72 NIl <A T, AU L & DRRAEE
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X, TNFEND W DEWISITFNUE, FHEOE L [ARE
ETH 5T &&/RT. Table 3 PHOEMEIE, HEIREEN
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Table 4. d—d Excitation energies of [PtClé]z_ in eV

reference semi-approx. reference b
state . TDDFT exp.
space CI GMC-QDPT weight
(87.4%)"
1E, 3.49 2.25 2.43
81.4%
1T2g 3.57 2.31 81.1% 2.50 2.23
1T1g 3.62 2.36 81.4% 2.49
1Az 4.16 2.72 82.3% 2.63
2T 4.17 2.78 81.7% 2.72 2.64
2E, 442 2.95 80.7% 2.74
PAVH 4.56 3.07 80.5% 2.73
3Ty 4.53 3.07 81.2% 2.79
2A0 4.66 3.15 80.0% 2.88
3Tog 5.05 3.50 80.9% 2.87 3.51
* The reference weight of the ground state. ® Reference 24.
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IERFFIER CHRRE S5 2, 797 ETRIFEAEK
BB TERD. —J7, TRNTOEZLIL 72 GMC-PT &
RS DN S & TV F—EE T/ NGB LTV
5.

Table 53 [F CAFHRIC K DRI L7e/mee i cdh 5. R
7YYl s TRX)VF iR MRS, IREELITE
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—a— Reference space ClI
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Energy / Hartree
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R(I-1) / Angstrom

Figure 3. Potential energy curves of I> molecule. The bottoms

of the curves are adjusted to be zero.

A, AV I FIVGMC-PT L EDLHTIL—HL, —H
ITARCELABL LT GMC-PT &, ZEEME & DHERIC BN T
BHERTHS.

BERLZ IR DT EER

AR G281 ORRIC, EAEIL ZIERDEIELR)
KITDWT/RT. Table 61F, A TR [PCL] & 3.1
i TRz CHIZ DWW, 4 U ¥ F IV GMC-QDPT, &
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Table 5. Spectroscopic constants of I, molecule

method rdA oc/em™ DeleV
DHF 2.69 221 -
MP2 2.67 211 -
reference space CI 2.75 168 0.83
GMC-PT 2.70 205 1.41
full approx. GMC-PT 2.68 244 1.28
semi-approx. GMC-PT 2.70 205 1.41
Fock space CCSD* 2.69 214 1.47
exp. 2.67 214.5 1.56
* Reference 25.
Table 6. CPU time for the [Pt (Cl)4]27 and CH3sl calculations in seconds
[PtCL]* CHiI
excitation type” semi-approx. full approx. semi-approx. full approx.
GMC-QDPT GMC-QDPT
GMC-QDPT GMC-QDPT GMC-QDPT GMC-QDPT
1. (aa)—(aa) 3.52 3.52 5.04 2.70 2.70 3.47
2. (cc)—(aa) 0.42 0.42 0.77 0.77
3. (ca)—(aa) 3.03 3.03 1.72 1.72
4. (aa)—(av) 11.91 11.91 5.15 5.15
5. (aa)—(vV) 165.17 165.17 139.98 19.51 19.51 3231
6. (cc)—(av) 27.39 23.28
7. (ca)—(av) 30.82 } H-9 17.47 287
8. (cc)—=(vv) 131.97 0.08 0.08 99.81 0.01 0.01
9. (ca)—(vv) 620.50 2.79 2.78 143.27 0.30 0.30
total time 994.72 198.51 147.87 313.68 33.02 36.28
speedup 1 5.01 6.73 1 9.50 8.65

* The symbols c, a, and v in the excitation types denote core, active, and virtual spinors, respectively.

R =K, TN TOEZ A (10) TELIL 72 GMC-
QDPTIC X BRI HREMZ i L7z & D TH%. Intel Core
i7-2600 (3.4 GHz) 71t v LT 10EHIE L7z CPUKE
MOFHEZFL L T 5.

Table 61 X NE, EE-XERE, 4V TFHILGMC-
QDPT & [L#: LT, [PtCla)*” TI&5.014%, CHsITIE9.50
EEETH 5. IXTOEZELIL 72 GMC-QDPT D &
WL Z N ZF N6 7305, 865D T, He~9Mo
FHOELNC K > THaGEm#EEDEREN TS T L
Nbhd. Fiz, FHERMICIE, BUEFIREZDTEL,
(M|p'risq|N) 75 & Slater {751 KBS A FRELD 4RI 2
THHETENS.

FrEREONRZ RS &, 4V YF )V GMC-QDPT T

DOI: 10.2477/jccj.2013-0021

&, [PICl)*, CHiIOWTNTE, BAY ) — )L &
TS 525, 8, 9D RN ORI 72 b T
W3, REEM - IER TR, DSBS, 9RDFHHE
BERI SIS & > TRE LD L, [PCl) T3 1262,
CH:I T 1/784 L7 > TW5. Thbb, FHEREOI:
BIENERGOUEHTEZ A SN TS T M, 2k
DIMFRICEHF G LTV 5.

aE, FIESRE, a7, HE A —Vofx
CHBEOEMIHAFT . TTTRUEHIDPRTLE —
IR RS R RS DI TII AW T LICHET 3208
Wb 5.
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Table 7. Spectroscopic constants of BrH molecule®

reference GCI-PT

GMC-PT

space CI (DHF spinors) MESCE (MCSCEF spinors) xp-

re/A 1.430 1.410 1.426 1.407 1.414
we/cm”! 2505 2663 2616 2687 2648.98

De/eV 3.21 3.70 3.16 3.57 3.76

* Koga, Tatewaki, and Matsuoka basis set [27].

33 AE/—ILE@E{bDhR

RBICZEE (MC) SCFRILIC X2 A/ — Vit
DINFIT DN EHICHENT B.

Ak TOMRIE, INT, DHFIEICK B A/ —)V
EHWIZEDTH%. GMC-QDPTD X 3 /5% 5 1 HF)
MiClE, B ZRET SRR CIEHE, RO
BEIFEO DORBETAY ) — VDA EMMEIEE
N5, Fc, ~EBEFREZZECUIALE / —)ViniE(b
MRz b HRRE G LT, SR EY) S —E Tk
NEENTONE, RE /) —VOERMERICEZ %5
IRV NSV, L LSS, AE ./ —)ViiEksh
R+ TCFTTOICBIEEA Y — )V S B S
RERH D, a8 FRERZERZ V2 72D,
MCSCFiEIC K% A ) —)Vidf{bIdEETH 5.

PURR ST DRI AR MCSCF 4:1&, Thyssen 51 & > TE
METNEHE SN TV 3 [26] Y, L, sIEORS 7,
BAEAY / — )V 72 FIH LIz MCSCFiEZ FHNT WA,
MEAY /—)UMCSCFiER, AY ./ —) L2zl Lz
MCSCFi£D—HET, B 2 M9 % DI B 75 A
¥/ —=NVOIH kT 5. BEEEETEDE, L0
BANEFIHZL R TH 5.

@ DHF RIS K D, MCSCFRIEDOHIHAY /) — )L 7%

RETS.

@ BATRE D R R T % DI EIR A Y/ — )L LIS 7%
Hifi LT, MCSCFatBZ1T5. DHFEDOA T )V
F—RE /=), BXC, a7« A/ —)LEL%EX
¥/ — VORI EHHREENS.

@A LIzay A /=), ZBAE /=)L L,
GMC-QDPT#IHZTTS.

FIE@DMCSCFFHE O 37 HiE, IR Z K
THELTHS. ZTORYD, BHBEMRE TS
ENT, £, A/ =)Vl RERES N T 5.
cTNnSE, Bk ZERER L7z GMC-QDPTIHEIC K > C Al
HENS. MUK ORI MCSCFIEDRHE I, JEHE
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K EREIIMCSCFIEDFHR & Hig U T, PORPED R X,
FMREREOZ JIIERICKEREVNH DD, KEkd 3
AY =)V REdT % Lick > T, HAT % DHF
A/ =)V EHEKE UTHATES 2 L, REIXR) T
SBDEIERE A T Y — FCUEATRER I PR E n B T &
HEDRENDB. 5F, WKL AY /—)LiX, DHF
fig D X X GMC-QDPTEIRICEH E N2 72, WD DHF
FHEE, INREIIEEX 5T, A/ —)LIREDELR
FIHDO—ETH 5.

Table 71&, BrHZT F D73 MNEEBICDWT, DHF A E
J =)V, MCSCFRAE /—VIc K-> TatE LI DELL
LR THD. BIREME, 68B7T, 12AE//—)Lh
SRR L 7= DHF+SDZEMICH . £ LAL XS
2, WENDAE )/ —)bz T tE B FE5kfE & L
BHES—HLTWE T eNbh5E. TDXSIC, BH
NTOXINTHIMEN L L, HEKREDOHDEDZET
HUL, GMC-PTOFERDERII/NENEFZ 5.

—7j, Table 81, L7 FOEEFILT FILF—ITDON
THORAE ) =)V TIHiR U7=£T, A/ —)V
RELIC K > TERWECZHITHS. BRZEMIE, 8
BT, 12AE /=) SR L 7z MRSD 22/ &2 i 7z,
AR U T2l 3L F — O BRI 2 IR 2
&, DHF A¥ / —)LDEEICIF032eV THZDICHL,
MCSCF A ¥/ —)VDIGEICIZ0.13eV ThH S, ELIKAE
FEHETHHBRROFEICIE, MCSCFIEICK B A/ —)L
BOE LIS K > THEROWEN A SN B HEENZ N EE Z
5Nn%.

4 HBHYIT

AR TIE, XTI GMC-QDPTE, BX U, MHilH
I GMC-QDPT \DFRI M DN D BUWVIE I TH % 1
AR RIERITDONT, FifafbRke & TEHER
ZNLODFEMT Uz, IBEECI B, MmN
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Table 8. Vertical excitation energies of I molecule in eV*

reference GMC-QDPT GMC-QDPT
state R MCSCF X exp.
space CI (DHF spinors) (MCSCEF spinors)
2u 1.92 1.31 1.79 1.50 1.69
1y 2.11 1.48 1.98 1.67 1.84
0u" 2.46 1.91 2.35 2.14 2.13
(/" 2.65 1.93 2.79 2.09 2.37
1y 2.88 2.30 2.76 2.49 2.49
MAD" 0.32 0.13

* Dyall's double zeta polarization basis set [28]. ® Mean absolute deviation.

GMC-QDPTIZHIND “ROEHNIIV ST DD,
a7« A¥ =)V BZERAE ) — LADFIEI AR 5 1%
CRNEFFHREEROE TALUT 25D ThHh - 7. &
ELI=E R K- TREE N iR 3V F—, K
Tl s TRVF—ihERIE, AV DIV O R
GMC-QDPT, BXT, Fhfie & K< —H L.
FE2Mi TR X I, A —)LPREENTL
U, no-virtual-pair LIS & D B3V F— @7 FR4t 9
ZRRY, PR O PRI R,  FEAH G Y 7 T2
EAREMN AR RV, T, HRERAY GMC-QDPTIC
BT, JEMHXTERIY GMC-QDPT O FilEm Y B R FI &
NTW%. TNXTIC, 2L OFEDUMRDNIEICILER
TNTVBEN, ZHBBHERICOVTIE, WEZIEHEN
AEER E M C X D ICEHR T E 2 RIICIETE > TW0ix
V. ZTO—DOHEKIE, FliEk, WEIKEDAY / —)b
72 E 8 % MG MCSCF £, BERAY 2 fImiE & &
<, EBNEFIRHRICBOWTAEMTHEI L THS.
BUE, RRND DLEMICHRIT 5N % MCSCF %72 3K
HT, BADTIV—TT%, WAL/ —)LORMAS
(occupation restricted multiple active space) SCFi£7x & @
FFRNEITHTH 5.
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Relativistic Multireference Perturbation Theory and Its

Semi-Approximate Second-Order Form
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The four-component relativistic general multiconfigurational quasidegenerate perturbation theory (GMC-QDPT)

and its applications to some atomic and molecular systems are reviewed. An efficient and accurate approximation to the

relativistic GMC-QDPT is also presented. In the approximation, the terms including core to virtual excitations in the

second-order effective Hamiltonian are replaced with those of the conventional quasidegenerate perturbation theory.

The approximation form, which we call semi-approximate second-order form, is applied to some molecular systems.

The computed excitation energies and potential energy curves were in good agreement with the original GMC-QDPT

values as well as available experimental data.

Keywords: Multireference perturbation theory, Relativistic GMC-QDPT, Semi-approximate second-order form,
Semi-approximate GMC-QDPT, Frozen spinor MCSCF method
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