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NAMELIST &Control
&Control 1 IFHHAL2EE a2 b — LT BDIINERR—L) A NTT. ZhiZ
IZUTOL Y BEENEGENET.

Name [CHARACTER]
NCorePerlO [INTEGER]
Symm [CHARACTER]

Name [CHARACTER] (default =’ntchem?’)

Name (X370 77 AP CHERINAIHFM 7 7 A VADR—R L LTHOWDLILET.
% 21X, Name = 'Foo’ EH8E LA v 7 v FE2H WAL HE, HKIEEK O ®R
X Foo.Basis”, f#1E D1E #1X"Foo.Geom” & W9 7 7 A L L at AIAEILE T .
NTChem Ti3dLEdD Name 2 & Lol DA 7 v bEFIHTHZ LT, 70l T A
Moz L0 9. FlE LTUTFDOLHIC RHF AT o721, £ 04 1#E
ZHWNTMP2EHAEZITOHBEDA Ty FERLET.

7 7 A /v : h20_rhf.inp

&Control Name="h20 test’ /

&scf SCFType="RHF’, ...,/

(- FEFE DN )

7 7 AV :h20_mp2.inp

&Control Name="h20 _test’ /

(MP2 F- 5 LB 72 15 )

B A2 h20 rhfinp”% T sef 251775 Z & T, RHF 43 F#liE 73 h20_test MO”
EWVND T ANWIRIESNET. A7y M7 7 A VDOARTTEH S h20 thf” Tl
72<, Name |[ZFEE S 4L72"h20 test’FIH SN D Z LITHEBE LT Z3 V. Fn
T”h20_mp2.inp”Z FHIWT mp2 251795 Z & T, “h20_testMO”7 7 A V72 EDIE
WAEFMA LT, MP2EHE T E 1.




NCorePerlO [INTEGER] (default =1)
THIS ITEM IS OBSOLESCENT.

NCorePerlO %, WHIFHEFFD 7 7 AL 10 Zfiff§ld> CPU =27 2 £ & D=/ n—7
TITO M EETELE . 21 NCorePerlO = 4 Z¥57E LT-384, 8 =7 TOIf4Et
HCTHIETXD X HIZ cored, cored D 220D CPU a7 NA LT R 77 AL -
FR 7 7 AT 78 AL, > CPU a7 InBIFEREENL T 7 A MICEEIA
To, F720%, A FHAE - THO CPU =2 712453 L £9°. NCorePerlO OfEILE
BB L WA HFRUIC L o THIR S E T

X : Fl 7 7 AT 72 AT 25 CPU a7 (CEHROITOLFME T 7 A4 /WIZT
77 R)
NCorePerlO =4

CPU =7 |lcore0 [corel| [core2| |core3] lcore4 [core5| [core6| [core7]

74 22 |[H# 7 7 A L (Name.tmp)| T 7 7 A /L (Name.tmp)

NCorePerlO OFKE TIX, FHBEMTCOUV—IF oL 7 M HHEF LWL a7
WCEBETAVERNHY ET. V= F 4 L7 M) EIETa 78R, () &£a7,
2 2=27Llk, Q) 127, OFZNFNIZOWTHHLET. LLFTIE MPLIES]D
A M L E T A, MPI/OpenMP ~ A 7 U » R % o %4,
$OMP_NUM_THREADS BRBIZAH CTHE SN TEEEDO CPU a7 K xE 7272
D CPU a7 RbbEEZX TRV, (i : 5 T$SOMP_NUM_THREADS=8, 16 /
— I, 128CPU =27 OME AT 9 54A, RERIZ 1/ — KH7 v 1ICPU 27, F 16
a7 e E)

D4/ —RFRTUV—2F 47 NIREESRTHEEA

NCorePerlO 738 / — Rl v /&y &, core0 & cored NIEL D7 7 A M EXIAL
ZAT O ToDIZIEFICEEL EHA. Z D41 NCorePerlO 4 CPU =2 7% & [
CfEIC L TL &0,

X 42— RBRU—2F 4 L7 N AIELTHAES
(i)
NCorePerlO=4

CPU =27 ||core0| [cored| core? [core3] lcore4] [core5| [core6| [core7]

)
F LAY \EP [l 7 7 A /L (Name.tmp) \




(1E)
NCorePerlO=8

CPU =27 |lcore0| [corel| core2 [core3] lcore4 [core5| [coref| [core7|

)
F 4R \EP [§ =~ 7 4 /v (Name.tmp) \

Q)N (> EDOCPUaT NI —2 T 4 Lo M) 2IETHEEE
NCorePerlO < N TiX(1) & [FIERDEANE Z ¥ £3°. NCorePerlO | N DfEHIIERE
LT 7EE0.

()% CPU a7 NFEHDOU—2F 4 L7 ) Z2RoBE

WTT7 77427 N EFIHT L2568 2ER, ZORZ—ICZE%SLET.
NCorePerlO [FEEDOEZFIHTE £9°. 7272 L NCorePerlO 23/NS WA, 10 HF
28I 2012, 10 =27 (EFLHITO cored, cored) A ToidfE 28 KH
FZ72 0, WEOF— 3=~y RBEANLET. #IZ NCorePerlO 23K X WA,
77 A INVOFAEY REOBE NN L ET.



Symm [CHARACTER] (default = ‘auto’)

Symm (L5 FORFREDE D 2 faE LET. 0 FRORFREDN LR S vl
SymmLog 7 7 A VZEZFIHTEEEICOR, ZOF T a TEKERLET. U
— 277 4 L7 FUIZ SymmLog 7 7 A WBELE L7eWEGE, o 15RI1E Co e
Fobos LTHbhET. IWELFIHT 255, 72277 A symmetry_ntqc %
FIH LT SymmLog 7 7 A VEAKL, V—27TFT 4L 27 hJIZab—LEzETID
FFarEHELTLESN. 7y arodE#HL LTUL, Mirshnizo+%
DORFRAERE (SymmLog 7 7 A /WIZFEIR SN TWET) OO I B, 7 —LfE
BIRET 5 Z EMNAEETY (C1, Cs, Ci, C2, C2v, C2h, D2, D2h). #JHifii’auto’
TlER O EOBOEEZFIH LE9. SymmLog 7 7 1 /L1, Name DOffEIZBIH
5P HIZFE—4F (“SymmLog”) 72D T, HEOHKRETCIY—r T 4 L7 NI 2if
L TWBEHE, oiFHHE O SymmLog 7 7 A A b iES I fF#Z G AR > TLE
IGENBVET. oA, V=27 4L 27 M) ESTSHD, Symm = C1>%& B
RIZHRE L TL 72 &0,



EARROEE
FEOXRE 72D T OMEE, SRRSO D EERBEE LK OCHEINZRT v
¥ /L (ECP) 1X, #A bV & CFF)End” CHE N8 (71— R) THRELZT.

Geom 77— K O OREERRRET A — R

Basis 7 — K  RIEREB AR ET A — K

Basis_***7— : B R R AR T % I — I (Basis 1 — F O ZR)
ECP 71— K c BINFRART v v v (ECP) #+g €4 B — K

INHOH— RIETRTADIREZEH, Geom 71— RTHEINTHEEICH D
BTk LT, ®thi L7274 O LR, ECP BV IE o E 3. R T4 D
ECTIIRILT « /INCFIIXBIESND Z EIEE LT EE0,

5]« FH UJRAITHKET DA - FLEK - ECP OJR T4 5 E

Geom 7 — R Basis 7 — ECP 71— K

HCTOFRE HCTOFRE HCORE
1. Ti Ti Ti (IF)
2. ti ti ti (1F)
3. Ti Ti Tl (7R)
4, Ti ti ti G

1 OB TIIREE, JEE, ECP D& — RN TORFLIEENTI” EHi> TWDHDT,
ELLERNF VRO ET.

2 DM TIE, BTN LFETU EHi>o THWADTIELLIEFRNEVIESNET.

3 OHITIX, ECP H— RHTOATIE 2 TRILFTHREIN TS, HEED
— RHTTY LR E SR FIIT RSB E SN E T8, ECPIEREINE
A

4 OFITIE, HED— PP TIHRFAE T EfREL TWADIZX LT, R -
ECP 71— RN TIT " L4EE L TV AT ORI - ECP HLIZRE SN EHA.

({£) NTChem O 71— RN TIE, KEIY e LTH 7T OMEHANHREE A AN—
AN X DX ZFH L T 7ZE0,



oy 1 HEE DOFEE (Geom 71— R)
Geom I — RII 5 FDOJEFEZFRE L E 7.
£

Geom
CAtom1l CentrX1 CentrY1 CentrZ1
CAtom?2 CentrX2 CentrY?2 CentrZ2

End

CAtom [CHARACTER] O LHELE (X I—HEX s LT
faiE)

CentrX, CentrY, CentrZ [REAL] &1 ® x, vy, z JEE (LD HAN (Z&BasIinp T
TE)




JF AR DO FE E (Basis 77— R)
Basis 7 — FIZJR - IEREE O EICHWET.

FK

Basis

CAtom1
CAngl1 NSgmtl
Expntl CCoefl
Expnt2 CCoef2
CAngl2 NSgmt2
Expntl CCoefl

*kkk o

CAtom2

*kkk

*kkk

End

CAtom [CHARACTER] DT
CAngl [CHARACTER] HMERBE SR o fhE M4 EEh & (S, P, D, F, ...)

NSgmt [INTEGER] FafBaE A2 BRI 5 7V 27 4 7 Gauss BIE D%k
Expnt [REAL] 7Y 2T 1 7 Gauss % D Fa%L

CCoef [REAL] 7' 2T 4 7 Gauss BIEOHERIREKL

(kR MHEITLED AN ZTET

E=}

NTChem | SP o = /WIZIFBAEX G L TCWERFA. SP v = /L% & Te FL I BHCR
(Pople JLJEREE) Z W AERICIE, ST =L e P U= /Ll Tili» T &,

KRB O QAL DT
Cartesian Y: 7 /v 7 7~ ME, #l21X d BEECTIE, xx, xy, Xz, yy, yz, 7z.
Spherical l: F-BNIE, #1%0F d BECTIE, -2,-1,0, +1, +2.




F R IR O FE E

“Basis” 1 — FIZMMZ T, FESMHFITG U T TO L 5 R REFREZ AT
ZEWTEET.

“Basis GFC”: GFC il O BhHLJE

“Basis GFCGrad”: GFC gradient ] O #fi B F5 i€

“Basis_ProjMO”: 515 MO H D JLIE

“Basis MPCore”: Model potential ™ N7 D FEJE

“Basis_ProjMP”: Model potential F & B &

“Basis_ProjQR”: QRel H OAfiBh LI (@ & 13RI D FAE 2 5 LTz b D)
“Basis RII”# % \ X “Basis_ RISCF”: RIDFT ¢ Coulomb Ff OB & i
“Basis_RIC”: RIMP2 OB 2

“Basis_PSFit”: PS {£IZ331F 5 Fitting Basis F D i Bl &S



ECP OIEE

ECP 1— R CECP OfFRZfEE T £7.

FK
ECP
CAtom1
LMax ZCore
Titlel
NSgmtl
NGaussl Expntl CCoefl
NGauss2 Expnt2 CCoef2
Title2
NSgmt2
NGaussl Expntl CCoefl
I
CAtom2
I
End
CAtom [CHARACTER] B 1OtHEils
LMax [INTEGER] I L A ) =
ZCore [INTEGER] ECP TE #1258 F DK

Title [CHARACTER]
NSgmt [INTEGER]
NGauss [INTEGER]
Expnt [REAL]

CCoef [REAL]

DX A NV (HERE). /2 EYHE RO AN ZRET
WA BT 257V X7 4 7 Gauss BAE D%k

7Y 2T 1 7 Gauss £ OB IE £ 1ES) &

7V 2T 4 7 Gauss B DR

7V 2T 1 7 Gauss %D REBIR S




NAMELIST &Baslnp
&Baslnp 1357 THEEC AR OB A (BT 5k — L U X FTT.

Units [CHARACTER]
GTOType [CHARACTER]
NormP [LOGICAL]
NormF [LOGICAL]
GTOType_GFC [CHARACTER]
NormP_GFC [LOGICAL]
NormF_GFC [LOGICAL]
IPrint [INTEGER]

Units [CHARACTER]  (default =AU

Units = ‘AU’ % L < (Z‘Bohr 5 ET 5 &, Geom H— R THE I 4V7 i1 HBAE 2 Ji
FHAL THEARY £9°. Units = ‘Ang’ Z{ET D &, A7 A b — LB TR
v £

GTOType [CHARACTER] (default =’Spherical’)

GTOType = ‘Spherical’ $, L < [T ‘Cartesian’ T, ARG L IZ—7 27 B
¥4 v E£9. Basis GFC & Basis GFCGrad LA D4 T D K EBASGRICHE H S
E7.

NormP [LOGICAL] (default = .TRUE.)
NormP = TRUE.MEE S 7=h, 7V 27 17 Gauss P Hiks b L E 5.
Basis_ GFC & Basis GFCGrad LIA D4 T O FEJEREHCRICH H S E .

NormF [LOGICAL] (default = TRUE’)
NormF = .TRUE.MEE S8, Mt SIERES 2 Bk L £7. Basis_GFC &
Basis_ GFCGrad LI4+ 04T o> KL BA% R i T S v E .

GTOType_GFC [CHARACTER] (default =’Spherical’)
GTOType & [AkET4 43, Basis GFC & Basis_ GFCGrad T S 7= HIEREECRIC
WA ET.

NormP_GFC [LOGICAL] (default =.TRUE.)
NormP & [El4% T4 4%, Basis GFC & Basis GFCGrad THiE &A1 7- HhJiE BRI
FEYOES

NormF_GFC [LOGICAL] (default = 'TRUE?)
NormF & [Al#£ T4 2%, Basis GFC & Basis GFCGrad THiE &AL 7= HJi BRI
HanE7d.



IPrint [INTEGER] (default = 0)
TV hA T g TEL IPrint =017 7 /v M. IPrint = 1 TR JEFEAN,
IPrint = 2 VL b CIR{ IR K OVRFRIFEBE2 BN ) S v E 7.



Module BasInp

Function
This module controls the inputs for molecular specification.

Required NAMELIST
&Control
&Baslnp



NAMELIST &Basinp

Parameters

Unit select unit for atom coordinates in input file (default =*AU”)
‘AU L use atomic unit

‘Ang’ ... use angstrom

‘Bohr’ ... use Bohr (= ‘AU’)

GTOType flag of Gaussian-type orbital (default = *Spherical’)
‘Spherical’...  use Spherical Gaussian-type orbitals

‘Cartesian’...  use Cartesian Gaussian-type orbitals

NormP flag to normalization for primitive Gaussian (default = "T7)
T do normalization

F do not normalization

NormF flag to normalization for basis function (default = *T?)

T do normalization

F do not normalization

GTOType_GFC flag of Gaussian-type orbital for GFC calculation (default = *Spherical’)
‘Spherical’...  use spherical Gaussian-type orbitals
‘Cartesian’...  use Cartesian Gaussian-type orbitals

NormP_GFC  flag to normalization for primitive Gaussian in GFC calculation (default = *T?)
T do normalization
F do not normalization

NormF_GFC  flag to normalization for basis function in GFC calculation (default = °T")
T do normalization
F do not normalization

IPrint print option (default = 0)



Module MDInt1

Function
This module controls the one-electron integration calculations such as overlap, kinetic, nuclear attractive

interaction, and dipole moment.

Required NAMELIST
&Control
&MDIntl



NAMELIST &MDintl

Parameters

CalDip flag for dipole moment integral calculation (default = .TRUE.); the origin of dipole
moment integrals is assumed to be a coordinate origin

F do not calculate dipole moment integrals

T calculate dipole moment integrals

CalChg flag for Coulomb attraction integrals from point charges (default = .FALSE.)
F do not calculate point charge integrals

T calculate point charge integrals

Onlylc flag for only one-center integrals for nuclear attraction

T do use only one-center integration

F do not use only one-center integration (default)

QRellc flag for only one-center integrals for relativistic nuclear attraction

T do use only one-center integration

F do not use only one-center integration (default)

NDDO Flag for the neglect of diatomic differential overlap (NDDQO) method

T do NDDO calculation

F do not use only one-center integration (default)

Thrint threshold value of integration (default = 1.0D-15)

ThrPrim threshold value of integration targeting primitive Gaussian (default = 1.0D-20)
ElcFld strength of electrostatic field (default: EIcFId(1:3) = Zero)

QRelHam flag for one-electron relativistic Hamiltonian calculation (default = ‘NREL”)
NREL .... nonrelativistic

DK1 .. use first-order Douglas—Kroll (DK) method

DK2 .. use second-order Douglas—Kroll (DK) method

DK3 ... use third-order Douglas—Kroll (DK) method

RESC ... use relativistic elimination of small components

ZORA ... use zeroth-order regular approximation

FPRA ... use free-particle regular approximation

IORA ... use infinite-order regular approximation

ThrQRel threshold for linear dependency of relativistic Hamiltonian calculation (default = 1.0D-
9)

CLight speed of light (atomic unit) (default = 137.0359895D0)

Finite flag to finite nuclear effect (default = .FALSE.)

T do consider finite nuclear effect

F do not consider finite nuclear effect (default)

IPrint print option (default = 0)



Module ECP

Function
This module controls the calculation for effective core potential integrals.

Required NAMELIST
&Control
&ECP



NAMELIST &ECP

Parameters
IPrint print option (default = 0)



Module SOIntl

Function
This module controls the one-electron integration calculations with spin—orbit interaction.

Required NAMELIST
&Control
&S0Intl



NAMELIST &SOintl

Parameters

SNSO flag for screened-nuclear spin—orbit (SNSO) approximation for two-electron spin—orbit
contribution (default = . TRUE.)

T use SNSO approximation

F do not use SNSO approximation, that is, use bared one-electron SO integrals
Onlylc flag for only one-center integrals for SO (default = .FALSE.)

T do use only one-center integration

F do not use only one-center integration (default)

Finite flag to finite nuclear effect (default = .FALSE.)

T do consider finite nuclear effect

F do not consider finite nuclear effect (default)

CLight speed of light (atomic unit) (default = 137.0359895D0)

QRelHam flag for spin—orbit calculations (default = ‘NREL")

NREL ... =BP

DK1 .. use first-order Douglas—Kroll (DK) method

BP use Breit—Pauli approximation

ZORA ... use zeroth-order regular approximation

IORA ... use infinite-order regular approximation

ThrQRel threshold for linear dependency of relativistic Hamiltonian calculation (default = 1.0D-
9)

Thrint threshold value of integration (default =1.0D-15)

ThrPrim threshold value of integration targeting primitive Gaussian (default = 1.0D-20)

IPrint print option (default = 0)



Module Huckel

Function

This module controls the extended Hiickel calculation. This module mainly intends to generate the initial
MO guess for the succeeding SCF calculation. The current implementation is restricted to the non-
iterative and non-relativistic Hiickel calculation. Even initial guess obtained this kind of calculation may
be available for the succeeding relativistic calculation.

Required NAMELIST
&Control
&Huckel

Prepared input data files
Name.Basis

Name.Geom

Name.HCore

Name.Overlap
Name.NucRepl
Name.Charge (optionally)

Created output data files



NAMELIST

Parameters
UHF

F

T

OrthType
‘Cholesky’...
matrix
‘Canonical’...

‘Symmetric’...

ThrOvlp

&Huckel

flag to indicate whether the spin unrestricted extended Hiickel method is used
do not use the unrestricted extended Huckel (default)
use the unrestricted extended Hiickel

orbital orthogonalization option (default = ‘Cholesky’)
use Cholesky decomposition of the overlap matrix to obtain the orthogonalization

canonical orthogonalization
symmetrical orthogonalization

threshold for linear dependency of canonical orthonormal orbitals (default = 1.0D-6);

ThrOvlp is available only for OrthType = 'Canonical’

NOccA
0

NOccB
0

IPrint
0
1

number of electrons for alpha orbitals (default = 0)
automatically determine the number of electrons for the neutral molecule

number of electrons for beta orbitals (default = 0)
automatically determine the number of electrons for the neutral molecule

print flag (default = 0)
normal printing
debug printing



Module ProjMO
Function

Required NAMELIST
&Control

&ProjMO

Prepared input data files

Created output data files



NAMELIST &ProjMO

Parameters
UHF

flag to indicate the density matrix is calculated with spin-unrestricted HF (UHF) or KS-

DFT (UKS) method

F
T
method

SOrbit

OrthType
‘Cholesky’...
matrix

‘Canonical’...
‘Symmetric’...

NOccA
NOccB

ThrOvlp

density matrix is calculated with spin-restricted HF (RHF) or KS-DFT (RKS) method
density matrix is calculated with spin-unrestricted HF (UHF) or KS-DFT (UKS)

flag to use the density matrix which includes spin—orbit interaction (default = .FALSE.)
the density matrix includes no spin—orbit interaction

the density matrix includes spin—orbit interaction

flag to orthogonalize the molecular orbitals (default = .FALSE.)

do not orthogonalize the molecular orbitals

orthogonalize the molecular orbitals

method for orthogonalization of molecular orbitals (default = ‘Cholesky’)
use Cholesky decomposition of the overlap matrix to obtain the orthogonalization

canonical orthogonalization
symmetrical orthogonalization

number of electrons for alpha orbitals (default)
number of electrons for beta orbitals (default)

threshold for linear dependency of canonical orthonormal orbitals (default = 1.0D-6);

ThrOvlp is available only for OrthType = 'Canonical’

Thrint

ThrPrim

IPrint

threshold value of integration (default = 1.0D-15)
threshold value of integration targeting primitive Gaussian (default = 1.0D-20)

print flag (default = 0)



Module ProjDens
Function

Required NAMELIST
&Control

&ProjDens

Prepared input data files

Created output data files



NAMELIST &ProjDens

Parameters

UHF flag to indicate the density matrix is calculated with spin-unrestricted HF (UHF) or KS-
DFT (UKS) method

F density matrix is calculated with spin-restricted HF (RHF) or KS-DFT (RKS) method

T density matrix is calculated with spin-unrestricted HF (UHF) or KS-DFT (UKS)
method

SOrbit flag to use density matrix which includes spin—orbit interaction (default = .FALSE.)

F the density matrix includes no spin—orbit interaction

T the density matrix includes spin—orbit interaction

Thrint (default = 1.0D-15)

ThrPrim (default = 1.0D-20)

IPrint print flag (default = 0)



Module SCF

Function

This module controls the calculation of Hartree—Fock (HF) and Kohn-Sham (KS) density functional
theory (DFT) energies. Closed shell and spin unrestricted HF and KS-DFT energies can be calculated as
well as open shell restricted (pseudo-canonical) energies.

Required NAMELIST

&Control

&SCF

&DFT (optionally if DFT = .TRUE.)

&DFTNum (optionally if DFT = . TRUE.)

&Int2 (optionally if CoulType = *Analy’ and/or ExchType = *Analy’)

&RIInt2 (optionally if CoulType = ’RI’)

&FEFInp (optionally if CoulType = *GFC’)

&FMM (optionally if CoulType = GFC”)

&ADPTInp (optionally if CoulType = ’GAP’, ’PSGAP’, ’PSGAP+1C’, ’PSGAP+3C’)

&PSSCF (optionally if CoulType = "PS’, ’PS+1C’, "PS+3C’, 'PSGAP’, ’PSGAP+1C’, "PSGAP+3C’
and/or ExchType = "PS’, ’PS+1C”)

&PSNum (optionally if CoulType = "PS’, ’PS+1C’, ’PS+3C’, ’PSGAP’, ’PSGAP+1C’, 'PSGAP+3C’
and/or ExchType = ’PS’, ’PS+1C”)

&COSMO (optionally if SCRFType = ’COSMO?’)

&ZRF (optionally if SCRFType = *ZRF’)

Prepared input data files

Name.Basis

Name.Geom

Name.HCore

Name.Overlap

Name.NucRepl

Name.Charge (optionally)

Name.MO

Name.OrbEne (optionally if FON with smearing)

Created output data files



NAMELIST

Parameters
SCFType

‘RHF’

‘UHF> ...
‘CUHF’...
‘ROHF’...

DFT

F

T
SCRFType

‘ZRF ...
‘COSMO’...

&SCF

type of SCF wavefunction (default=< )

‘RHF’ for even electrons and ‘UHF’ for odd electrons
restricted HF/DFT

unrestricted HF/DFT

constrained (pseudo-canonical) HF/DFT

restricted open HF/DFT

flag to carry out a DFT / UDFT calculation (default = .FALSE.)
Hartree—Fock SCF / UHF calculation
DFT / UDFT calculation

trigger for continuum solvent model (default=< )
gas-phase calculation

Onsager's reaction field model

continuum solvent model COSMO

SCRFType = ‘ZRF’ and ‘COSMO’ require NAMELIST &ZRF and &COSMO, respectively

Direct
F
T

DiffDen
= .TRUE.)
F
T

CoulType
‘Analy’ ...
‘RI’

‘GFC’
‘GAP’

‘PST ..
‘PS+1C°...
‘PS+3C°...
‘PSGAP”...

‘PSGAP+1C"...
‘PSGAP+3C’...

‘None’ ...

ExchType
‘Analy’ ...
RT’

‘PS’
‘PS+1C’...
‘None’ ...

flag to indicate whether the direct or disk-base SCF is used (default = .TRUE.)

use disk-base SCF
use direct SCF

flag to use the density difference technique to accelerate the SCF convergence (default

do not use the density difference technique
use the density difference technique

computational type for two-electron Coulomb integrals (default = ‘Analy’)
analytical integrals

resolution of the identity (RI) approximation

Gaussian—finite elements Coulomb (GFC) approximation (Serial only)
Gaussian and plane-wave (GAP) method

pseudospectral (PS) method

PS method including one-center-atomic analytic correction

PS method including up to three-center-atomic analytic correction

PS and GAP method

PS and GAP method including one-center-atomic analytic correction

PS and GAP method including up to three-center-atomic analytic correction
no Coulomb calculation

computational type for HF exchange integrals (default = ‘Analy’)
analytical integrals

resolution of the identity (RI) approximation (NY1)
pseudospectral method

PS method including one-center-atomic analytic correction

no exchange calculation



Skiple
= .FALSE.)
F
T

Skip2e
F
T

Guess
‘ReadMO’...

‘ReadOnMO’...
‘ReadDens’...

‘HCore’ ...
‘GWH’ ...
‘Diagonal’...

OrthType
‘Cholesky’...
matrix

‘Canonical’...
‘Symmetric’...

ThrOvlp

flag to skip the calculation of one-electron Kkinetic-energy and potential terms (default

calculate one-electron terms
skip calculation of one-electron terms

flag to skip the calculation of two-electron terms (default = .FALSE.)
calculate two-electron terms
skip calculation of two-electron terms

initial orbital guess option (default = ‘ReadMO’)
orbitals read from Name.MO file
orthonormalized MOs read from Name.MO file
density matrix read from Name.Dens file

bare nucleus Hamiltonian orbitals

generalized Wolfsberg—Helmholtz

this is available only for PDMSCF=T

orbital orthogonalization option (default = ‘Cholesky’)
use Cholesky decomposition of the overlap matrix to obtain the orthogonalization

canonical orthogonalization
symmetrical orthogonalization

threshold for linear dependency of canonical orthonormal orbitals (default = 1.0D-6);

ThrOvlp is available only for OrthType = 'Canonical’

RstrctMO
F
T

flag to select the restriction of orbital interchanges (default = .FALSE.)
do not restrict orbital interchanges
restrict orbital interchanges during the SCF calculation

AlterMOA(1), AlterMOA(2)

0,0

interchange alpha MOs between AlterMOA(1) and AlterMOA(2) (default = 0, 0)
no interchange

AlterMOB(1), AlterMOB(2)

0,0

NOccA
0

NOccB
0

ThrDen
ThrEne

Maxlter

interchange beta MOs between AlterMOB(1) and AlterMOB(2) (default = 0, 0)
no interchange

number of electrons for alpha orbitals (default = 0)
automatically determine the number of electrons for the neutral molecule

number of electrons for beta orbitals (default = 0)
automatically determine the number of electrons for the neutral molecule

convergence criterion for the density matrix (default = 1.0D-5)
convergence criterion for the total SCF energy (default = 1.0D-6)

maximum number of iterations (default = 200)



MaxDIIS maximum number of the DIIS error vectors (default = 6)
MaxDIIS = 0 indicates that no DIIS method is used

DIISType DIIS type (default = ‘C1DIIS’)
‘CIDIIS’... original C1-DIIS
‘C2DIIS’... C2-DIIS of Sellers

OnBasDIIS flag to use orthogonalized atomic basis functions in the DIIS method (default
= .FALSE))

F do not use orthogonalized atomic basis functions

T use orthogonalized of atomic basis functions

VShift value of orbital energy shift for virtual orbitals (default = 0.1)
DynShift flag to carry out a dynamic virtual shift (default = .FALSE.)

F do not use the dynamic shift

T use the dynamic shift

FacDamp damping factor used in the damping method (default = 0.4)
DynDamp flag to carry out a dynamic damping (default = .FALSE.).

F do not use the dynamic damping

T use the dynamic damping of Zerner and Hehenberger
MaxDamp maximum number of iterations in the damping step (default = 0)
N the damping scheme is used in the first N times in the SCF calculation

MixDamp flag to combine the damping scheme with the DIIS method (default = .FALSE.)

F do not combine the damping method with DIIS

T combine the damping method with DIIS

MlxDamp may be available to adopt the approach similar to the dynamical mixing method of Anderson
DEMSCF flag to select the direct energy minimization (default = .FALSE.)

F do not use the direct energy minimization

T use the direct energy minimization

FinDiag flag to diagonalize the Fock / KS matrix after the SCF calculation (default = .TRUE.)
F diagonalize the Fock / KS matrix after the SCF calculation

T do not diagonalize the Fock / KS matrix after the SCF calculation

FlnDlag is avallable to obtain molecular orbitals and their energies for the diagonalization-free SCF
method

FOEne flag to calculate the first-order correction to the SCF energy (default = .FALSE.)
F do not evaluate the first-order SCF energy

T evaluate the first-order SCF energy

FOEne is available to perform the dual-level DFT calculation with MaxIter =0

CoulEne flag to calculate the Coulomb energy individually (default = .FALSE.)

F do not evaluate the Coulomb energy

T evaluate the Coulomb energy



FONType broadening type for the fractional occupation number scheme (default="°  *)
C L trigger for the conventional fixed occupation number approach

‘Gauss’ ... Gaussian broadening

‘Fermi’ ... Fermi broadening

WidFON broadening parameter (default = 0.0)

FElecA number of alpha electrons with the fractional number (default = 0.0)
0.0 FElecA = NOccA

FElecA is prioritized over NOccA if FElecA is explicitly given

FElecB number of beta electrons with the fractional number (default = 0.0)
0.0 FElecB = NOccB

FElecB is prioritized over NOccB if FElecB is explicitly given

VarFON flag to calculate the energy correction for the non-number conserving change (default
= .FALSE.)

F number conserving change

T non-number conserving change

IPrint print flag (default = 0)

0 normal printing

1 debug printing



Module SOSCF

Function

This module controls the calculation of Hartree—Fock (HF) and Kohn-Sham (KS) density functional
theory (DFT) energies. Closed shell and spin unrestricted HF and KS-DFT energies can be calculated as
well as open shell restricted (pseudo-canonical) energies.

Required NAMELIST
&Control

&SOSCF

&DFT

&DFTNum

&Int2



NAMELIST &SOSCF

Parameters
Almost the same as &SCF



NAMELIST

Parameters
IntType
‘Libint’ ...
‘Libint2’...
‘MD4’ ...
‘MD2’ ...
‘DRK2’...

SPType
LPH’
‘ACE’
‘Smash’...

PScreen
F
T

Onlylc
F
T

Only2c
F
T

NDDO

&Int2

specifies the method to evaluate electron repulsion integrals (ERI) (default = “Libint”)
use Libint library ver. 1 (direct SCF only)

use Libint library ver. 2 (direct SCF only)

use McMurchie—Davidson method (direct or disk-oriented SCF)

use McMurchie—Davidson method (direct SCF)

useDupuis—Rys—King method (direct SCF)

specifies the method to evaluate ERI involving only s and p functions (default = ‘PH”)
use Pople-Hehre method

use ACE (accompanying coordinate expansion) method

use Smash library based on Pople-Hehre and McMurchie-Davidson method

flag to invoke Schwarz integral prescreening in direct SCF (default = T)
do not use Schwarz prescreening
use Schwarz prescreening

flag to discard multicenter ERI (default = F)
do not discard multicenter ERI
compute only one-center ERI

flag to discard three- and four-center ERI (default = F)
do not discard three- and four-center ERI
compute only one- and two-center ERI

flag to invoke NDDO (neglect of diatomic differential overlap) approximation to

molecular Hamiltonian (default = F)

F
T

ThrPre

do not use NDDO
use NDDO

threshold in Schwarz integral prescreening; this parameter has no effect when PScreen

= F (default = 1.0D-12)

Thrint

threshold for ignoring ERI in constructing Fock matrix; the same threshold is applied to

preexponent factor (default = 1.0D-15)

ThrPrim

the products of primitives with preexponential factor less than ThrPrim are skipped

(default = 1.0D-20)

Comments

IntType = ’Libint’ is faster than IntType = *MD4’. For sp-type integrals, SPType = *ACE’ is slightly
faster than SPType = "PH’. The latter is always used for range-separated type integrals.



NAMELIST &RIInt2

Parameters

IntType specifies the method to evaluate three-center ERI (default = ”Libint”)

‘Libint’ ... use Libint library ver. 1

‘MD4’ ... use McMurchie—Davidson method

PScreen flag to invoke Schwarz integral prescreening in direct RI-SCF (default = T)

F do not use Schwarz prescreening

T use Schwarz prescreening

ThrPre threshold in Schwarz integral prescreening; this parameter has no effect when PScreen

= F (default = 1.0D-12)

Thrint threshold for ignoring ERI in constructing Fock matrix; the same threshold is applied to
preexponent factor (default = 1.0D-15)

ThrPrim products of primitives with preexponential factor less than ThrPrim are skipped (default
= 1.0D-20)



NAMELIST &FEFInp

This NAMELIST includes information of finite element functions used in GFC method
Parameters

FEFNthShp order of Shepard interpolation (default = 3)

1-5 areavailable values

FEFICutwF integer to control w.f. cutoff (default = 10)
N Rinreshold = SQRT(N * In10 / exponential)

FEFEImEdg interval of elements in a.u. (default = 1.8D+0)

GFCPreCond  method of GFC preconditioning (default = “Chole”)
“Chole”... do Cholesky decomposition preconditioning

GFCMixSolv  method of MixSolv (default = “PCR”)
GFCFixSolv  (default = ‘PCR’)

GFCMixFix (default = ‘FixGT?)
GFCMixConvlni(default = 1.0D-12)
GFCMixConvFin(default = 1.0D-22)

GFCFixConvlini (default = 1.0D-22)
GFCFixConvFin(default = 1.0D-22)
GFCSOROmMgGTF(default = 1.0D+0)
GFCSOROmMgFEF(default = 1.0D+0)

GFCSORMaxIt (default = 10)

GFCBCEval  method to evaluate boundary condition in GFC method (default = “FMM?”)

“FMM” ... use fast multipole moment method
“Analy”... use analytical evaluation of electro static potential
“Skip” ... skip evaluation

GFCSwitchDen (default = 1.0D-1)
GFCSwitchEne (default = 1.0D-1)
FEFBchEdg (default = 8)
FEFPotCut (default = 1.0D-99)

GFCICutPre  (default = 13)



GFCIntThr (default = 11)
GFCGrdThr (default = 8)

GFCSORConv (default = 10)



NAMELIST &FMM

This NAMELIST includes information of fast multipole method used in GFC method

Parameters

LMax (default = 4)

TLMax (default = 12)

Algorithm integer to indicate algorithm (default = 5)
1 do_Null

2 do FQ

3 do BQ

4 do_NLogN

5 do_FMM

Grain (default = 1.0D0)

Dens_Screen  (default = 1.0D-15)
Extent_Min (default = 1.0D-3)
FEDIim (default = 10)

LIPN (default = 2)



NAMELIST &ADPTInp

This NAMELIST includes information of Adaptive density partitioning technique (ADPT) used in GAP
method

Parameters
ErrThr_Initial  error threshold in ADPT (default = 1.0D-8)

ErrThr_Final  error threshold in ADPT, but not used now (default = 1.0D-8)

CubEdg (default = 2.0D-01)

ICut (default = 15)

IEFTyp method to constrict the extended box in GAP method (default = 2)
1 exact but inefficient

2 small Error but efficient

3 manually

NBchEg (default = 5)

ITol (default = 15)

ITail (default = 15)

CubScale (default = 3)



NAMELIST

Parameters
PSFit

F

T

PSFitInCore
F)

F

T

Thrint
ThrPrim
IPrint

0
1

&PSSCF

flag to invoke fitting basis in PS method (default = T)

do not use fitting basis

use fitting basis

flag to keep the part of dealiasing matrix on memory space in PS fitting basis (default =

do not keep the part of dealiasing matrix on memory space, i.e., do file I/0
keep the part of dealiasing matrix on memory space

threshold value of integration (default = 1.0D-15)
threshold value of integration targeting primitive Gaussian (default = 1.0D-20)
print option (default = 0)

normal printing
additional information is printed out



NAMELIST &PSNum

Parameters

GridType grid type (default = ‘Prune’)

‘Prune’ ... prune scheme based on Ledbedev's grid
‘Lebedev’... Ledbedev's grid

‘Adaptive’...  adaptive grid of Krack and Koster
Prune sets of grids are implemented for (NRad, NAng) = (35, 110), (50, 194), (75, 194), (75, 302), (99,
590)

QuadRad quadrature type for radial part (default = ‘EulMac’)

‘EulMac’... Euler—MacLaurin quadrature

‘GauChe’... Gauss—Chebyshev quadrature

CellType atomic partition function (default = ‘SSF’)

‘SSF* ... scheme of Stratmann, Scuseria, and Frisch

‘Becke’ ... Becke’s scheme

NRad number of radial integration points in Ledbedev or prune grid (default = 99)

NAnNg number of angular integration points in Ledbedev or prune grid (default = 590)
GrdTol tolerance for the numerical integration in the adaptive grid scheme (default = 1.0D-5)

BatchType method to store grid points into a batch (default = 0)
0 store crude grid points into a batch
1 do sorting of grid points before storing into a batch

GridInCore flag to keep grid batches on memory space (default = F)
F do not keep grid batches on memory space, i.e., do file 1/0
T keep grid batches on memory space



NAMELIST &DFTNum

Parameters

GridType grid type (default = ‘Prune’)

‘Prune’ ... prune scheme based on Ledbedev's grid
‘Lebedev’... Ledbedev's grid

‘Adaptive’...  adaptive grid of Krack and Koster
Prune sets of grids are implemented for (NRad, NAng) = (35, 110), (50, 194), (75, 194), (75, 302), (99,
590)

QuadRad quadrature type for radial part (default = ‘EulMac’)

‘EulMac’... Euler—MacLaurin quadrature

‘GauChe’... Gauss—Chebyshev quadrature

CellType atomic partition function (default = ‘SSF’)

‘SSF* ... scheme of Stratmann, Scuseria, and Frisch

‘Becke’ ... Becke’s scheme

NRad number of radial integration points in Ledbedev or prune grid (default = 99)

NAnNg number of angular integration points in Ledbedev or prune grid (default = 590)
GrdTol tolerance for the numerical integration in the adaptive grid scheme (default = 1.0D-5)

BatchType method to store grid points into a batch (default = 0)
0 store crude grid points into a batch
1 do sorting of grid points before storing into a batch



NAMELIST

&DFT

XCType, XType, CType (27 £415 parameter (£ fix ST\ 5.
272 E 1 XFun & CFun Z1# 95 .
TAUHCTH, TAUHCTHHYB 234k} T\ 5. #AE

Parameters
DFTFun

T

F

XCType
‘HCTH’
‘HCTH120’
‘HCTH147’
‘HCTH407’
‘B3LYP’
‘B97’
‘B971’
‘B972’
‘B97D’
'M06'
'‘MO06_L'
'M06_HF'
'M06_2X'
'VS98’
‘wB97'
'wB97X'
'wB97XD'
‘CAMB3LYP’
‘BNLO7’
‘LCPBE’
‘LCwPBE’
‘EDF1’
‘FT97’
‘LCTPSS’
‘tauHCTH’
‘tauHCTHhyb’
‘TPSS’

XType
‘LDA’
"SLATER’
‘B88’
‘BECKE’
‘PWI1’
‘PBE’
‘LCB88’
‘LCLDA’

flag to select the DFT routine (default =T)
use exchange correlation functionals in dftfun_lib
use exchange correlation functionals in dft_lib

HFFac, RSMu, RSFac 72 & #7258

flag to select standalone DFT exchange correlation functional

[1], (GGA)

[2], (GGA)

[2], (GGA)

[3], (GGA)

[4], (GGA), (Hybrid)

[5], (GGA), (Hybrid)

[1], (GGA), (Hybrid)

[7], (GGA), (Hybrid)

[8], (GGA)

[9], (meta-GGA), (Hybrid)
[10], (meta-GGA)

[11], (meta-GGA), (Hybrid)
[9], (meta-GGA), (Hybrid)
[12], (meta-GGA)

[13], (GGA), (LC)

[13], (GGA), (LC), (Hybrid)
[14], (GGA), (LC), (Hybrid)
[15], (GGA), (LC), (Hybrid)
[16], (GGA), (LC)

[21], (GGA), (LC)

[22], (GGA), (LC)

(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.
(DFTFun=.T.

flag to select DFT exchange functionals

[17], (LDA)
[17], (LDA)
[18], (GGA)
[18], (GGA)
[19], (GGA)
[20], (GGA)
[21], (GGA), (LC)
[21], (LDA), (LC)

only)
only)
only)
only)
only)
only)
only)
only)
only)
only)
only)
only)



‘LCPBE’ [21], (GGA), (LC)

‘LCwPBE’ [22], (GGA), (LC)

LB3’

‘FT97B’

‘MPWOI1°

CType flag to select DFT correlation functionals
"VWNS5' [23], (LDA)

'VWNS5RPA'  [23], (LDA)

'VWNIRPA'  [23], (LDA)

'PZ81' [24], (LDA)

'PW92' [25], (LDA)

'P86' [26], (GGA)

'LYP' [27], (GGA)

'PWoat' [19], (GGA)

'PBE' [20], (GGA)

'OP' [28], (GGA). this functional must be used with ‘B88’ or ‘LCB88’ exchange functional
XFun flag to specify combined exchange functionals
CFun flag to specify combined correlation functionals
XFac mixing factors of exchange functionals

CFac mixing factors of correlation functionals

HFFac scaling factors of Hartree—Fock exchange
RSMu a parameter for the long range correction scheme; this keyword applies only when the

exchange functional is range-separated type functional

RSFac scaling factors of Long-range Hartree—Fock exchange; this keyword applies only when
the exchange functional is range-separated type functional

Comments
(LDA): LDA type functionals, (GGA): GGA type functionals, (meta-GGA): meta-GGA type functionals,
(Hybrid) hybrid-type functional, (LC): long-range corrected functionals
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Module SCFGrad

Function
This module controls the gradient calculation. This module can be usually employed after the self-

consistent calculation (SCF) (see also SCF module).

Required NAMELIST
&Control

&SCF

&SCFGrad



NAMELIST

Parameters
CoulDType

‘Analy’
‘RI’
ExchDType
‘Analy’ ...
Grad

T

F
GradGFC
T

F

DenOnly
T :
F

ReadDenEW

IPrint

&SCFGrad

flag for Coulomb integration (default="° )

use the same method as the previous SCF calculation
use analytical method for Coulomb-type integration
use resolution-of-identity (RI) approximation

flag for exchange integration (default=< )
use the same method as the previous SCF calculation
use analytical method for exchange-type integration

flag to gradient calculation (default = .TRUE.)

calculate energy gradient
do not calculate energy gradient

flag to GFC gradient calculation (default = .FALSE.)
do GFC gradient calculation
do not GFC gradient calculation

(default = .FALSE.)

(default = .FALSE.)

flag to use nonrelativistic density in the relativistic gradient (default = .FALSE.)
do not use nonrelativistic density in the relativistic gradient
use nonrelativistic density in the relativistic gradient

print option (default = 0)



Module SOSCFGrad

Function
This module controls the gradient calculation with spin—orbit interaction. This module can be usually
employed after the self-consistent calculations (SCF) with SO interaction.

Required NAMELIST
&Control

&SCF

&SOSCF
&SOSCFGrad



NAMELIST

Parameters
CoulDType

‘Analy’
‘RI’
ExchDType
‘Analy’ ...
Grad

T

F
GradGFC
T

F

DenOnly
T :
F

ReadDenEW

IPrint

&SOSCFGrad

flag for Coulomb integration (default="° )

use the same method as the previous SOSCF calculation
use analytical method for Coulomb-type integration

use resolution-of-identity (RI) approximation

flag for exchange integration (default=< )
use the same method as the previous SOSCF calculation
use analytical method for exchange-type integration

flag to gradient calculation (default = .TRUE.)

calculate energy gradient
do not calculate energy gradient

flag to GFC gradient calculation (default = .FALSE.)
do GFC gradient calculation
do not GFC gradient calculation

(default = .FALSE.)

(default = .FALSE.)

flag to use nonrelativistic density in the relativistic gradient (default = .FALSE.)
do not use nonrelativistic density in the relativistic gradient
use nonrelativistic density in the relativistic gradient

print option (default = 0)



NAMELIST &Int1lD

Parameters
Thrint threshold value of integration (default = 1.0D-15)
ThrPrim threshold value of integration targeting primitive Gaussian (default = 1.0D-20)

IPrint print option (default = 0)



NAMELIST &Int2D

Parameters

Int2DType specifies the method to evaluate ERI derivatives (default = *Libint”)

Libint ... use Libderiv library ver. 1

Libint2 ... use Libderiv library ver. 2

DenScreen flag to invoke ERI derivatives prescreening using two-particle density matrix elements
(default=T)

F do not use prescreening

T use prescreening

DenCut threshold for ignoring ERI derivatives in integral prescreening; this parameter has no

effect when DenScreen = F (default = 1.0D-13)

DTol products of four primitives with preexponential factor multiplied by contraction
coefficients less than DTol are skipped; this parameter has no effect when DenScreen = F (default =
1.0D-12)

Thrint products of four primitives with preexponent factor less than Thrint are skipped
(default = 1.0D-15)

ThrPrim products of primitives with preexponential factor less than ThrPrim are skipped (default
= 1.0D-20)



NAMELIST &RIInt2D

Parameters

Int2DType specifies the method to evaluate three-center ERI derivatives (default ="Libint”)
‘Libint’ ... use Libderiv library ver. 1

Thrint products of four primitives with preexponent factor less than Thrint are skipped

(default = 1.0D-15)

ThrPrim products of primitives with preexponential factor less than ThrPrim are skipped (default
=1.0D-20)



Module TDDFT

Function

This module controls the calculation of molecular excitation energies by time-dependent density
functional theory computations (or time-dependent Hartree—Fock, also known as the Random Phase
Approximation).

Required NAMELIST

&Control

&TDDFT

&DFT (optionally if DFT = .TRUE.)

&DFTNum (optionally if DFT = . TRUE.)

&Int2 (optionally if CoulType = *Analy’ and/or ExchType = *Analy’)

Input files
Name.Basis
Name.Geom
Name.SCF_Info
Name.MO
Name.Overlap
Name.OrbEne
Name.OccNum
Name.Dipole
Name.Syminfo

Output files
Name. TDDFT _Info
Name.TDEne
Name.TDVecl
Name.TDVec2



NAMELIST

Parameters
NStates

ClType
‘CIS’
‘RPA’
Triplet

T
F

NFrzOA
NFrzOB
NFrzVA
NFrzvB
NActCoreA
NActCoreB
NBlock
MaxIter
MaxSub

ThrConv
1.0D-05)

IPrint
0

PrintCD

&TDDFT

number of excited states to be solved (default = 1)

flag to whether the full TDDFT or the Tamm/Dancoff approximation is used
Tamm/Dancoff approximation

full TDDFT

flag to calculate triplet excited states; this keyword applies only when the reference is a

closed shell (default = F)

calculate both singlet and triplet excited states
calculate only singlet excited states

number of frozen alpha occupied orbitals (default = 0)

number of frozen beta occupied orbitals (default = 0)

number of frozen alpha virtual orbitals (default = 0)

number of frozen beta virtual orbitals (default = 0)

number of active alpha core orbitals (default = 0)

number of active core beta core orbitals (default = 0)

number of trial vectors contracted with integrals (default = 1)

maximum number of iterations in Davidson diagonalization (default = 200)
maximum number of subspace for Davidson diagonalization (default = 600)
convergence threshold for residual vectors in Davidson diagonalization (default =
print flag (default = 0)

normal printing

Full rotational strength tensor elements, relevant for circular dichroism of oriented

molecules, are printed along with normal scalar contributions of the rotational strength (length and
velocity forms). They are given in 10° CGS unit. In addition, velocity form of dipole transition
moments, orbital angular moments (magnetic dipole moments), and quadrupole transition moments
(length and velocity forms) are printed in atomic unit with associated oscillator strengths. The length
quadrupole transition moments are not traceless in this module. In order to activate this option,
CalDip=T should be set in the NAMELIST &MDIntl. For definition of transition moments and tensors,
see Hansen and Bouman, Adv. Chem. Phys. 44 545 (1980).

T
F

print quantities related circular dichroism as described above
print only length form of dipole transition moments



Module SOTDDFT

Function
This module controls the calculation of molecular excitation energies by spin-orbit time-dependent
density functional theory computations.

Required NAMELIST

&Control

&SOTDDFT

&DFT (optionally if DFT = .TRUE.)

&DFTNum (optionally if DFT = . TRUE.)

&Int2 (optionally if CoulType = *Analy’ and/or ExchType = *Analy’)

Input files
Name.Basis
Name.Geom
Name.SOSCF_Info
Name.MO
Name.Overlap
Name.OrbEne
Name.OccNum
Name.Dipole
Name.Syminfo

Output files
Name.SOTDDFT_Info
Name.SOTDEne
Name.SOTDVec



NAMELIST &SOTDDFT

Parameters

NStates number of excited states to be solved (default = 1)

ClType flag to whether the full TDDFT or the Tamm/Dancoff approximation is used

‘CIs” ... Tamm/Dancoff approximation (default)

NonCol flag to whether the non-collinear spin-flip TDDFT calculation is performed (default =
F)

T perform non-collinear spin-flip TDDFT calculation

F does not perform non-collinear spin-flip TDDFT calculation (not yet implemented)
NFrzOA number of frozen alpha occupied orbitals (default = 0)

NFrzOB number of frozen beta occupied orbitals (default = 0)

NFrzvVA number of frozen alpha virtual orbitals (default = 0)

NFrzvB number of frozen beta virtual orbitals (default = 0)

NActCoreA number of active alpha core orbitals (default = 0)

NActCoreB number of active core beta core orbitals (default = 0)

NBlock number of trial vectors contracted with integrals (default = 1)

MaxIter maximum number of iterations in Davidson diagonalization (default = 200)

MaxSub maximum number of subspace for Davidson diagonalization (default = 600)

ThrConv convergence threshold for residual vectors in Davidson diagonalization (default =
1.0D-05)

IPrint print flag (default = 0)

0 normal printing

PrintCD Full rotational strength tensor elements, relevant for circular dichroism of oriented

molecules, are printed along with normal scalar contributions of the rotational strength (length and
velocity forms). They are given in 10° CGS unit. In addition, velocity form of dipole transition
moments, orbital angular moments (magnetic dipole moments), and quadrupole transition moments
(length and velocity forms) are printed in atomic unit with associated oscillator strengths. The length
quadrupole transition moments are not traceless in this module. In order to activate this option,
CalDip=T should be set in the NAMELIST &MDIntl. For definition of transition moments and tensors,
see Hansen and Bouman, Adv. Chem. Phys. 44 545 (1980).

T print quantities related circular dichroism as described above

F print only length form of dipole transition moments



Module TDGrad

Function
This module controls the analytic gradient calculation for the excitation energies from a time-dependent
density functional theory calculation

Required NAMELIST

&Control

&DFT (optionally if DFT = .TRUE.)

&DFTNum (optionally if DFT = . TRUE.)

&Int2

&Int2D (optionally if CoulDType = ’Analy’ and/or ExchDType = *Analy’)
&TDGrad

Input files
Name.Basis
Name.Geom
Name.SCF_Info
Name.MO
Name.DenEW (optionally if ReadDenEW = .TRUE.)
Name.OrbEne
Name.OccNum
Name. TDDFT _Info
Name.TDEne
Name.TDVecl
Name.TDVec2

Output files
Name.ExGrad.(State)



NAMELIST &TDGrad

Parameters
Root target excited-states used for the geometrical derivative calculation (default = 1)
ThrConv convergence threshold for residual vectors in the solution of the Z-vector equations

(default = 1.0D-05)
MaxIter maximum number of iterations in solving the Z-vector equations (default = 200)

ReadDenEW  flag to ground-state energy-weighted density matrix (default = .FALSE.)

‘T read from Name.DenEW file

‘P construct energy-weighted density matrix

NBlock number of trial vectors contracted with integrals (default = 1)

TotGrad flag to whether total excited-state gradients or difference energy gradients are
calculated (default = . TRUE.)

‘T total excited-state gradients

‘F difference energy gradients

CoulDType flag for Coulomb integration (default = ‘Analy’)

‘Analy’ ... use analytical method for Coulomb-type integration
ExchDtyp flag for Exchange integration (default = ‘Analy”)
‘Analy’ ... use analytical method for Exchange-type integration
Grad flag to gradient calculation (default = . TRUE.)

T

F

IPrint print flag (default = 0)

0 normal printing

Comments

‘DFTFun’ in NAMELIST &DFT must be .TRUE.



Module DFTD3

Function

This module controls the DFT-D empirical dispersion correction calculation of the energy and its
analytic gradient for density functional theory and Hartree—Fock calculations. This module contains
interface to the DFTD3 program developed by S. Grimme, which is freely downloadable from webpage
(http://toc.uni-muenster.de/DFTD3) under the terms of the GNU General Public License as published by
C the Free Software Foundation; either version 1.

Required NAMELIST
&Control
&DFTD3

Input files
Name.Geom
Name.TotEne
Name.Grad
Name.SCF_Info

Output files
Name.TotEne
Name.Grad



NAMELIST &DFTD3

Parameters

Energy flag to perform DFT-D energy calculation (default = . TRUE.)
‘T perform DFT-D energy calculation

‘F’ skip DFT-D energy calculation

Echo flag to control print out option (default = . TRUE.)
‘T print out detailed information
‘F’ disable print out

Grad flag to perform DFT-D gradient calculation (default = . TRUE.)
T perform gradient calculation
‘F skip gradient calculation

Anal flag to performs a detailed analysis of pair contributions (default = .FALSE.)
‘T perform detailed analysis
‘P skip detailed analysis

Func flag to select DFT exchange correlation functional (default = <*)
‘bp86°
cblyp’

‘b97d’

Lpbea
‘mpwlyp’
‘b3lyp’
‘b3pwIl’
‘bh-lyp’
‘camb3lyp’
‘pbe0’
‘wh97xd’
‘m06’
‘m061°
‘m062x”
‘m06hf’
‘b2-plyp’
‘b2gp-plyp’
‘mpw2-plyp’
‘LCWPBE’

Version flag to control version (default = 4)

2 Switch to old DFT-D2 version

3 Switch to DFT-D3 version 3

4 Switch to DFT-D3 version 4 (version 3 with Becke—Johnson (BJ) damping)

Comments

Func flag should be specified to match the DFT exchange correlation functional specified in &DFT
namelist. Correcting Hartree—Fock results is only recommended with BJ-damping. DFTD3 must be
calculated after SCFGrad/SOSCFGrad when energy gradients are required with Grad = T.



Module MP2

Function

This module controls the calculation of the Mgller—Plesset energy correction in the second order. It
works for spin-restricted closed-shell Hartree-Fock (RHF) wavefunctions (RMP2), spin-unrestricted
open-shell HF (UHF) wavefunctions (UMP2), and spin-restricted open-shell HF (ROHF) wavefunctions
(ROHF-MP2). The resolution of identity approximation MP2 (RI-MP2) is available for RMP2, UMP2,
and ROHF-MP2 energies.

The same MP2 correction may be calculated with the CC program (the input of which is described in
Module CC). The MP2 module is preferable to the CC module when dealing with large systems. The
present program has been used for MP2 calculations involving up to 250 basis functions and RI-MP2
calculations involving up to 10000 basis functions.

Required NAMELIST
&Control

&MP2

&Int2

&RIInt2

Prepared input data files

Name.Basis

Name.Basis_RIC (only required for RI-MP2 calculations)
Name.Geom

Name.SCF_Info

Name.TotEne

Name.MO

Name.OrbEne

Created output data files
Name.TotEne
Name.TotEne_MP2



NAMELIST &MP2

Parameters

MP2Type keyword for selecting type of MP2 calculation (default = ‘Direct’)

Direct ... direct MP2 calculation

RIMP2 ... RI-MP2 calculation

RI RI-MP2 calculation

MP1 flag to carry out a MP1 calculation (default = .FALSE.)

F not performing MP1 calculation

T performing MP1 calculation

NFrzOA number of core (occupied) alpha orbitals excluded from the MP2 calculation (default =
0)

NFrzOB number of core (occupied) beta orbitals excluded from the MP2 calculation (default =
0)

NFrzvVA number of virtual alpha orbitals excluded from the MP2 calculation (default = 0)
NFrzvB number of virtual beta orbitals excluded from the MP2 calculation (default = 0)
COSFac scaling factors of opposite-spin contributions of MP2 correlation energy (default =
1.0D+00)

CSSFac scaling factors of same-spin contributions of MP2 correlation energy (default =
1.0D+00)

RIOrthType keyword for selecting scheme for inversion of a two-center matrix of auxiliary basis
integrals in RI-MP2 calculations (default = ‘Cholesky’)

‘Cholesky’...  use Cholesky decomposition based scheme
‘Canonical’... use canonical orthogonalization based scheme
ThrRI threshold for linear dependency of auxiliary basis functions on inversion of a two-

center matrix of auxiliary basis integrals in RI-MP2 calculations (default = 1.0D-6); ThrOvlp is available
only for RIOrthType = ‘Canonical’

MP2BatchLv  selecting the size of batch of orbitals in the MP2 calculation (default = 0: use single
batch)

InCore flag to carry out a in-core RI-MP2 calculation (default = .FALSE.)

F not performing in-core RI-MP2 calculation

T performing in-core RI-MP2 calculation

VPair flag to carry out a RI-MP2 parallel calculation based on the virtual orbital based MPI
task distribution (default = . TRUE.)

F performing MP2 parallel calculation with occupied orbital task distribution

T performing MP2 calculation with virtual orbital task distribution

IPrint print flag (default = 0)



0 normal printing
1 additional information is printed out

Comments about memory control

The user should take care of the size of required main memory requirements when MP2 calculations are
performed.

In the case of direct MP2 calculations (MP2Type = ‘Direct’), ovn?/n, words of main memory are
required. (0: number of occupied orbitals, v: number of virtual orbitals, n: number of basis functions, no:
number of occupied orbital batch). The user can control total memory requirements by setting
MP2BatchLv that corresponds to the number of occupied orbital batches n, = 2MP2Bachly The default is
MP2BatchLv = 0 for the best computational performance using available memory as much as possible
and avoiding multiple computation of four-center atomic orbital integrals. However, this default is not
suitable for the calculations of large molecules where the required memory sizes exceed the limit of
available memory sizes. To reduce the required memory sizes less than available memory sizes, the user
should increase MP2BatchLv from 0 to larger numbers.

In the case of semi-direct RI-MP2 calculations (MP2Type = ‘RIMP2’ and InCore=F), ovn,/(pny) words
of main memory (ny: number of virtual orbital batch, ny: number of auxiliary basis functions, p: number
of processor nodes) are required. The user can control total memory requirements by setting
MP2BatchLv that corresponds to the number of occupied orbital batches n, = 2MP2Batchly The default is
MP2BatchLv = 0 for the best computational performance using available memory as much as possible.
However, this default is not suitable for the calculations of large molecules where the required memory
sizes exceed the limit of available memory sizes. To reduce the required memory sizes less than
available memory sizes, the user should increase MP2BatchLv from 0 to larger numbers.

For the efficient RI-MP2 calculations of massively parallel supercomputers such as k computer, the user
can use full in-core RI-MP2 scheme that is faster than semi-direct RI-MP2 by setting InCore = T. Note
that the required memory size of full in-core RI-MP2 calculations is 2ovny/p words and should not
exceed the available memory sizes.



Module MP2Grad

Function

This module controls the density matrix and analytical energy gradient calculation at MP2 level. This
module can be usually employed after the self-consistent field (SCF) calculation. Properties like atomic
populations, electric moments, and electric static potentials at the MP2 level can be calculated using the
MP2 density matrix after the MP2 gradient calculation. At present, RI-MP2 analytical energy gradient
calculation with RHF reference is available. Frozen core and virtual orbitals are not supported.

Required NAMELIST
&Control
&MP2Grad

Prepared input data files

Name.Basis

Name.Basis_RIC (only required for RI-MP2 calculations)
Name.Geom

Name.SCF_Info

Name.TotEne

Name.MO

Name.OrbEne

Name.Dens

Created output data files
Name.Dens

Name.TotEne

Name.Grad



NAMELIST &MP2Grad

Parameters

Grad flag to gradient calculation (default = . TRUE.)

T calculate energy gradient

F do not calculate energy gradient and only calculate MP2 density matrix
MP2Type keyword for selecting type of MP2 gradient calculation (default = ‘RIMP2”)
RIMP2 ... RI-MP2 calculation

RI RI-MP2 calculation

RIOrthType keyword for selecting scheme for inversion of a two-center matrix of auxiliary basis
integrals in RI-MP2 calculations (default = ‘Cholesky’)

‘Cholesky’...  use Cholesky decomposition based scheme

‘Canonical’... use canonical orthogonalization based scheme

ThrRI threshold for linear dependency of auxiliary basis functions on inversion of a two-
center matrix of auxiliary basis integrals in RI-MP2 calculations (default = 1.0D-6); ThrOvlp is available
only for RIOrthType = 'Canonical’

MP2BatchLv  selecting the size of batch of orbitals in the MP2 calculation (default = 0: use single
batch)

MaxIterCPHF  maximum number of coupled perturbated Hartree-Fock (CPHF) iterations (default =
100)

ThrConvCPHF convergence threshold for CPHF equation (default = 1.0D-05)
IPrint print option (default = 0)

0 normal printing
1 additional information is printed out



Module CC

Function
This module controls the calculation of correlation energy with the coupled-cluster (CC) ansatz. The
molecular orbitals may be spin-restricted or spin-unrestricted. (Serial only)

Required NAMELIST
&Control
&CC

Prepared input data files
Name.SCF_Info
Name.TotEne

Name.MO

Name.OrbEne
Name.ERI_Info

Name.ERI

Created output data files
Name.CC_Info
Name. TNN (NN is a two-digit integer up to the order of CC wavefunction)



NAMELIST &CC

Parameters

Guess controls the initialization of cluster amplitude vectors (default = *Init”)

‘Init” ... initialize by MP2 amplitude (doubles) or zero (otherwise)

‘Read’ ... initial amplitude vectors are read from files

NoT1 flag to discard single excitations (default = .FALSE.); this option works when NMax =
2

F do not discard singles

T discard singles

CceC2 flag to use CC2 (second-order approximation to coupled-cluster with singles and
doubles) method (default = F); this option works when NMax = 2

F do not use CC2

T use CC2

DoTran flag to carry out two- and four-index integral transformation prior to solving the CC
equations (default = . TRUE.)

F do not perform integral transformation; MO integrals are read from files

T perform integral transformation

NMax order of the CC wavefunction (default = 2)

NFrzOA number of frozen alpha occupied orbitals (default = 0)

NFrzOB number of frozen beta occupied orbitals (default = 0)

NFrzVA number of frozen alpha virtual orbitals (default = 0)

NFrzvB number of frozen beta virtual orbitals (default = 0)

MaxIter maximum number of CC iterations (default = 100)

MaxDIIS maximum number of DIIS error vectors; MaxDIIS <= 1 indicates that no DIIS method

is used (default = 6)
ThrGrd convergence criterion for RMS gradient (default = 1.0D-07)

ThrEne convergence criterion for correlation energy change (default = 1.0D-07); convergence
is achieved when both correlation energy change and RMS gradient are below criterions

CalcMP flag to calculate the third-order Mgller—Plesset (MP3) correlation energy prior to CC
iteration (default = .FALSE.)

F do not calculate MP3 energy

T calculate MP energies

IPrint print option (default = 0)

0 default printing

1 additional information is printed out



Comments

Type of the CC wavefunction is determined by NMax, which is the maximum level of excitation of the
cluster operator. The default is NMax = 2, which leads to CCSD (coupled-cluster with singles and
doubles) wavefunction. All the excitations with an excitation level equal to or less than NMax are
explicitly involved in the CC wavefunction. The following special options are available when NMax =
2: (1) Single excitations can be eliminated by setting NoT1 = T, leading to CCD (coupled-cluster with
doubles) wavefunction (2) CC2 =T invokes the CC2 (second-order approximation to CCSD) method.
The CC module requires atomic-orbital ERI files Name.ERI_Info and Name.ERI, which are created by
running a disk-oriented SCF calculation. This can be done by specifying Direct = F in &SCF and
IntType = ’MD4’ in &Int2.



Module SOCC

Function
This module controls the calculation of correlation energy with the two-component spin—orbit coupled-
cluster (SOCC) ansatz. (serial only)

Required NAMELIST
&Control
&S0OCC

Prepared input data files
Name.SOSCF_Info
Name.TotEne

Name.MOSO
Namem.OrbEne
Namem.ERI_Info

Name.ERI

Created output data files
Name.SOCC_Info
Name. TNN (NN is a two-digit integer up to the order of SOCC wavefunction)



NAMELIST &SOCC

Parameters

Guess controls the initialization of cluster operators (default = ’Init”)

‘Init” ... initialize by MP2 amplitude (doubles) or zero (otherwise)

‘Read’ ... initial operator amplitudes are read from files

NoT1 flag to discard single excitations (default = .FALSE.); this option works when NMax =
2

F do not discard singles

T discard singles

CceC2 flag to use SOCC2 (second-order approximation to spin—orbit coupled-cluster with

singles and doubles) method (default = .FALSE.); this option works when NMax = 2
F do not use SOCC2

T use SOCC2

DoTran flag to carry out two- and four-index integral transformation prior to solving the CC
equations (default = . TRUE.)

F do not perform integral transformation; MO integrals are read from files
T perform integral transformation

NMax order of the SOCC wavefunction (default = 2)

NFrzOA number of frozen alpha occupied orbitals (default = 0)

NFrzOB number of frozen beta occupied orbitals (default = 0)

NFrzVA number of frozen alpha virtual orbitals (default = 0)

NFrzvB number of frozen beta virtual orbitals (default = 0)

MaxIter maximum number of CC iterations (default = 100)

MaxDIIS maximum number of DIIS error vectors (default = 6)

MaxDIIS <= 1 indicates that no DIIS method is used
ThrGrd convergence criterion for RMS gradient (default = 1.0D-07)

ThrEne convergence criterion for correlation energy change (default = 1.0D-07); convergence
is achieved when both correlation energy change and RMS gradient are below criterions.

CalcMP flag to calculate third-order spin—orbit Mgller—Plesset (SOMP3) correlation energy
prior to CC iteration (default = F)

F do not calculate SOMP3 energy

T calculate SOMP3 energy

IPrint print option (default = 0)

0 default printing

1 additional information is printed out



Comments

The meanings of almost all of the parameters are same as those in &CC. The SOCC module requires the
atomic-orbital ERI files Name.ERI_Info and Name.ERI. One needs to run scf.exe in the disk-oriented
mode (Direct = F in &SCF and IntType = "MD4’ in &Int2) to create those ERI files. Note that soscf.exe
runs only in the direct mode.



Module CCLR

Function

This module controls the calculation of molecular electronic properties (ground-state electronic
properties, excitation energy, and ionization energy) with the coupled-cluster linear response (CCLR)
ansatz. (Serial only)

Required NAMELIST
&Control
&CCLR

Required input data files

Name.TNN (NN is a two-digit integer up to the order of CC wavefunction)

Name.CC_Info

Name.SCF_Info

Name.OrbEne

Name.INTNN (MO integral files created in cc.exe. NN is a two-digit integer from 01 to 13)

Created output data files

Name.RNN (Optional. NN is a two-digit integer up to the order of CC wavefunction)
Name.CCLR_ExcEne (Optional)

Name.CCLR_IP (Optional)



NAMELIST &CCLR

Parameters

GuessR controls the initialization of excitation vector (default = ’None”)

‘None’ ... initialize using orbital energy differences (single excitations) or zero (otherwise)
‘Read” ... initial vectors are read from files

ExcdEne flag to calculate excitation energies (default = .FALSE.)

F calculate excitation energies

T do not calculate excitation energies

lonzPot flag to calculate ionization potentials (default = .FALSE.)

F do not calculate ionization potentials

T calculate ionization potentials

NMaxR order of excitation operator (default = 2)

NState number of excited states to be solved; this parameter has no effect when ExcdEne

= .FALSE. (default = 1)

NStatelP number of ionization states to be solved; this parameter has no effect when lonzPot
= .FALSE. (default = 1)

NumVec initial number of expansion vectors in Davidson diagonalization for excitation energy
(default = 1); the value should be equal to or larger than NState

NumVeclP initial number of expansion vectors in Davidson diagonalization for ionization potential
(default = 1); the value should be equal to or larger than NStatelP

NumVecMax  maximum number of expansion vectors in Davidson diagonalization (default = 30); the
value should be equal to or larger than 2*MAX(NState, NStatelP)

MaxItDiag maximum number of iterations in Davidson diagonalization (default = 100)

ARTol convergence threshold for residual vectors in Davidson diagonalization (default =
1.0D-06)

ThreDiagE convergence threshold for energy changes in Davidson diagonalization (default = 1.0D-
09)

RPrintTol tolerance for printing out excitation operator amplitudes (default = 1.0D-01)

ThreResidue  convergence threshold for residual vectors in solving linear equations for Lambda
vector, Jacobian left eigenvectors, and Zeta vectors (default = 1.0D-06)

IPrint print option (default = 0)
0 default printing
1 additional information is printed out



Module SOCCLR

Function

This module controls the calculation of molecular electronic properties (ground-state electronic
properties, excitation energy, and ionization energy) with the spin—orbit coupled-cluster linear response
(SOCCLR) ansatz. (Serial only)

Required NAMELIST
&Control
&SOCCLR

Required input data files

Name.TNN (NN is a two-digit integer up to the order of CC wavefunction)
Name.SOCC_Info

Name.SOSCF_Info

Name.OrbEneSO

Name.INTNN (MO integral files created in socc.exe. NN is a two-digit integer from 01 to 13)

Created output data files

Name.RNN (Optional. NN is a two-digit integer up to the order of CC wavefunction)
Name.SOCCLR_ExcEne (Optional)

Name.SOCCLR_IP (Optional)



NAMELIST &SOCCLR

Parameters

GuessR controls the initialization of excitation vector (default = ’None”)

‘None’ ... initialize using orbital energy differences (single excitations) or zero (otherwise)
‘Read” ... initial vectors are read from files

ExcdEne flag to calculate excitation energies (default = .FALSE.)

F calculate excitation energies

T do not calculate excitation energies

lonzPot flag to calculate ionization potentials (default = .FALSE.)

F do not calculate ionization potentials

T calculate ionization potentials

NMaxR order of excitation operator (default = 2)

NState number of excited states to be solved; this parameter has no effect when ExcdEne

= .FALSE. (default = 1)

NStatelP number of ionization states to be solved; this parameter has no effect when lonzPot
= .FALSE. (default = 1)

NumVec initial number of expansion vectors in Davidson diagonalization for excitation energy
(default = 1); the value should be equal to or larger than NState

NumVeclP initial number of expansion vectors in Davidson diagonalization for ionization potential
(default = 1); the value should be equal to or larger than NStatelP

NumVecMax  maximum number of expansion vectors in Davidson diagonalization (default = 30); the
value should be equal to or larger than 2*MAX(NState, NStatelP)

MaxItDiag maximum number of iterations in Davidson diagonalization (default = 100)

ARTol convergence threshold for residual vectors in Davidson diagonalization (default =
1.0D-06)

ThreDiagE convergence threshold for energy changes in Davidson diagonalization (default = 1.0D-
09)

RPrintTol tolerance for printing out excitation operator amplitudes (default = 1.0D-01)

ThreResidue  convergence threshold for residual vectors in solving linear equations for Lambda
vector, Jacobian left eigenvectors, and Zeta vectors (default = 1.0D-06)

IPrint print option (default = 0)
0 default printing
1 additional information is printed out

Comments



The meanings of almost all of the parameters are same as those in &CCLR.



Module R4QMC

Function

This module controls the quantum Monte Carlo (QMC) calculation. Nonrelativistic VMC and DMC,
relativistic (ZORA) VMC and DMC calculations and corresponding optimization of correlation factor
parameters are available.

Required NAMELIST
&Control

&QMCCtrl

&QMCMPI (MPI only)

Required Cards
QMCRun
QMCCusp
QMCOpt
QMClJastrow

Input files
Name.Basis
Name.Geom
Name.MO
Name.SCFInfo
Name.QMCXin
Name.QMCSXin
Name.Pot_MPCore
Name.Basis_MPCore
Name.CSftQMC

Output files

Name.QMCOut
Name.QMCOrp
Name.QMCDat
Name.QMCXyz
Name.QMCHst

Q&A
Q1. How to use nonrelativistic cusp correction?
Al. Set QMCCusp card, and set RelCusp = F, RelBound = F in &QMCCtrl

Q2. How to use relativistic cusp correction?
A2. Set QMCCusp card, and set RelCusp = T, RelBound = T in &QMCCtrl

Q3. How to calculate force?
A3-1. Set SForce in DataSet section
It computes bare estimator of Hellmann—Feynman force
A3-2. Set Force in DataSet section
It computes modified estimator of Hellmann—Feynman force
Modified estimator depends on the wave function
A3-3. Set NucDeriv & Force in DataSet section and set CalcPulay = T in &QMCCtrl



It computes modified Hellmann—Feynman force + Pulay term
Make sure NucDeriv is set above Force in DataSet section

Q4. How to optimize Jastrow factor parameters?
A4, Set QMClJastrow card and set RunName = ‘OPT’ in &QMCCitrl
In optimization, NBlock in QMCRun card has different meaning

NBlock ${NBIK1} ${NBIk2}

${NBIKk1} ... # of equilibrium block in generating 1 fixed-sample-points
${NBIK2} ... Max # of fixed-sample-points generation

Set NOptFix in &QMCCtrl if required

Q5. How to restart calculation?

Ab5. After one VMC or DMC calculation finished, the final electron configurations are saved in the
formatted file ${Name}.QMCXyz${core_number}, where ${core_number} is in null for core0 and in
110 format for others. Rename these files as ${Name}.QMCXin${core_number} and set “Init 2” in
QMCRun card.



NAMELIST &QMCMPI

Parameters

TotNWIk_MPI total number of walkers distributed among all processors (default = 0)

0 NStdwlk, NMaxWIk, NMinWIlk keywords in NAMELIST &QMCCtrl is used for all
nodes

Other ... input number of walkers are distributed among all processors

thrNSample total number of required samples in double precision (NYD)



NAMELIST &QMCCitrl

Parameters

NNucSet integer to specify how many nuclei-set are given in input file (default = 1)
NPrimSet integer to specify how many primitive-set are given in input file (default = 1)
NElec number of total electrons (default = 0)

0 automatically determine the number of electrons by atomic charges and Charge
keyword

RandSeed random number seed in integer (default = 0)

0 use clock time as the random number seed

NStdWIk Standard number of walkers (default = 100)

NMaxWIk maximum number of walkers (default = 200)

NMinWIk minimum number of walkers (default = 50)

InitR initialization radius in double precision (default = 1.0D0)

InitRO initialization threshold of inter-particle distance (default = 0.0D0)

QMCBasis flag to use QMCBasis cards as input basis set (default = .FALSE.)

F read basis set from Name.Basis file

T read basis set from QMCBasis card in input file

QMCMO flag to use prepared Name.QMCMO file

F generate Name.QMCMO file from Name.MO file

T use prepared Name.QMCMO file

Charge total charge of the system (default = 0)

0 . neutral system

NTChem flag to specify R4QMC is used in connection with NTChem (default = . TRUE.)
F R4QMC is running standalone, no Name.Basis file, Name.MO file, and so on
T NTChem HF/KS run is pre-performed and files are prepared

Unit length unit in RAQMC, overwritten by Unit keyword in &Control (default = “Bohr”)
Bohr ... Bohr unit is used

Ang ... Angstrhom unit is used

useFile flag to use Name.QMCOut file as output (default = .FALSE.)

F use standard output stream

T print output in Name.QMCOut file

DLevel integer to specify debug print level (default = 0)

0 no debug print

1-5 .. do debug print



ADWIK
FALSE))

— T |l

ET1stOnly
F
T

RunName
VMC
DMC
ZMC

OPT

FPC
SCAN
MOS ...
SOVMC...
SOOPT ...
NGrid

18)

flag to control branching step in DMC with one-by-one electron move (default

do branching after all electrons are moved
do branching after each electron is moved

flag to control trial energy evaluation in DMC (default = .FALSE.)
update trial energy in every block
determine trial energy in the starting of DMC

calculation to be performed (default = “VMC”)

perform variational Monte Carlo calculation

perform nonrelativistic diffusion Monte Carlo calculation

perform relativistic (ZORA) diffusion Monte Carlo calculation
optimize Jastrow factor parameter (for scalar w.f.)

evaluate local quantities at given fixed point

evaluate local quantities on the given 1 dimensional line

evaluate MO values (NY1)

perform 2 component spin—orbit variational Monte Carlo calculation
optimize Jastrow factor parameter (for 2 component w.f.)

number of angular grid points used in non-local pseudo potential evaluation (default =

6, 18, 26, 50 are available numbers

fineGet
.FALSE.)

— T Il

NOptFix
10)

1

>1

Ninterval

QMCCoreBasis

F
T

NExtraSP

NDivHist

MaxRHist
TypeFN

“HCS” ...
“GCD” ...

flag to kill ill-conditioned samples in accordance with local energy value (default

number to specify how many times fixed samples are used in optimization (default =

use free sample optimize driver
use fixed sample optimize driver

interval to sample electron positions in fixed-sample generation (default = 20)
flag to use QMCCoreBasis cards as input core basis set (default = .FALSE.)
read basis set from Name.Basis_MPCore file

read basis set from QMCCoreBasis card in input file

number of extra sample points in optimization

number of division of histogram range (default =)

maximum range of histogram in a.u.

type of finite nuclei (default = “HCS”)

use homogeneously charged sphere
use Gaussian charge distribution



fineOpt
F
T

LightFix
F .
T

step

RelCusp
F :
T

RelBound

flag to control sample point selection in optimization (default = . TRUE.)

use all sample points
select sample points by local energy values

flag to control fixed sample file in optimization (default = .FALSE.)

store w.f. values in fixed sample file

store only electron positions in fixed sample file and compute w.f. each optimization

flag to use relativistic cusp correction (default = .FALSE.)
use nonrelativistic cusp correction if QMCCusp card exists
use relativistic (ZORA) cusp correction if QMCCusp card exists

flag to use relativistic boundary in cusp correction initialization (default = .FALSE.)

#it# please set the same value as RelCusp

NMinRelCusp
30)

DispCusp
F
T

NonNodeCross
F
T

DistortV
F
T

BlockOut
F
T

thrRen
r

CalcPulay
F
T

ERef
0.0d0
Given

CalcSO

lower bound of reference point in relativistic cusp correction initialization (default =

flag to display cusp correction initialization (DEBUG: default = .FALSE.)

do not display cusp correction initialization
display cusp correction initialization information

flag to kill node-crossing move in VMC run (DEBUG: default = .FALSE.)

do not reject node-crossing move in VMC
reject node-crossing move in VMC

flag to control velocity distortion in nonrelativistic DMC (default = . TRUE.)

do classical DMC
do stabilized DMC by distorting velocity

flag to control block-wise output (default = .FALSE.)
do not display block-wise output
display brief summary of block run

threshold of electron—nucleus distance (default = 0.0D0)
reject move if electron—nucleus distance is under r

flag to calculate Pulay term in force evaluation (default = .FALSE.)
only evaluate Hellmann—-Feynman term
evaluate Pulay term

reference energy (default = 0.0d0)
reference energy is evaluated in the beginning of DMC run
reference energy is fixed at the given value

flag to enable complex arithmetics for spin—orbit calculation (default = .TRUE. i

SOVMC & SOOPT, = .FALSE. otherwise)

F



T

NoSpinMove
F
T

DoSigma
F .
.

UselLogJF
F
T

DoubleFix
F
parameters
T

flag to prohibit spin variable move (DEBUG: default = .FALSE.)
move spin in electron move

fix spin variable in electron move

flag to compute spin derivative of wave function

compute spin derivative (required for spin—orbit term evaluation)

flag to handle Jastrow factor value in the log format (default = . TRUE.)

flag to use sample points of previous step in the optimization
in the i-th optimization step, fixed samples are generated thoroughly with the i-th

samples generated with the (i — 1)-th parameter is also used in the i-th optimization step



CARD QMCRunN
card to control QMC run

QMCRun

{Run condition section}
$DataSet

{DataSet section}
End

{Run condition section} :
give any of following members (if skipped, default set is used)
each member should be written in 1 line

MoveElec {arg}

control how many electrons to move in 1 step, one-by-one (OBO) or all-at-once (AAQ)
{arg} is composed of 1, 2, or 4 elements, each of which is either OBO or AAO

if 3 elements are given, 3" element is neglected and recognized as 2 elements argument

Number of elements and their recognition (MoveElec, MoveType, NBlock, NStep, TimeStep)
# of elements VMC/EQU VMC/RUN DMC/EQU DMC/RUN

1 element-1 element-1 element-1 element-1
2 element-1 element-2 element-1 element-2
4 element-1 element-2 element-3 element-4

MoveType {arg}
control the method to propose next electron position
{arg} is composed of 1, 2, or 4 elements, each of which is RandBox, RandGauss, or RandFP

RandBox move to any position in cubic box with uniform probability
RandGauss move to any position with Gaussian distribution probability
RandFP use Fokker—Planck equation to move electrons

NBlock {arg}

number of blocks in each calculation stage, {arg} is composed of 1, 2, or 4 positive integers

NStep {arg}
number of steps in each block, {arg} is composed of 1, 2, or 4 positive integers

TimeStep {arg}
time step in each calculation stage, {arg} is composed of 1, 2, or 4 positive real numbers

IMainWF {arg}
control which wave function is used as guide function, {arg} is 1 integer

UseFN 0)
flag to use finite nuclei, if 0 is given, explicitly turn off the flag

UsePP 0)
flag to use pseudo potential, if 0 is given, explicitly turn off the flag

UseMP 0)



flag to use model potential, if 0 is given, explicitly turn off the flag

UseProj 0)
flag to use projection operator in model potential, if O is given, explicitly turn off the flag

UseJF 0)
flag to use Jastrow factor, if 0 is given, explicitly turn off the flag

BSum 0)
flag to use balanced sum in data evaluation, if O is given, explicitly turn off the flag

Init {arg}

flag to control walker initialization method, {arg} is any of following integers
0 distribute electrons randomly

1 distribute electrons to keep ion-neutrality

2 read electron positions from *.QMCXin (or *.QMCSXin) file

VScan {arg}
control scan vector, {arg} is three real numbers

{DataSet section} :
WFValue
E(NR) ... nonrelativistic energy
E(ZORAN) ... ZORA energy (only nuclear potential used in kinetic term)
E(ZORANSO)
Weight
RR
R(e_N)
MinR(e_N)
MaxR(e_N)
R(e_e)
MinR(e_N)
MaxR(e_N)
SForce
Force
NucDeriv
ONE
Add
Mult
Sz



CARD QMCCusp
Card to control cusp correction information

QMCCusp
Range ${Range}
MO ${iMO} Nuc ${iNuc1} (${iNuc2} ...)
End
Range [REAL(8)] cusp correction radius
iMO [INTEGER] MO to enforce cusp correction

iNuc [INTEGER] Nuclei index



CARD QMCOpt
Card to control parameter optimization

QMCOpt
Same ${iNuc1} ${iNuc2}
eeCusp 0)
fixScale 0)
Obj ${Obj}
VRatio

SpinDep ${iSD}
End



CARD QMCJastrow
Card to control Jastrow correlation factor

QMCJastrow

${#elec_A} ${#elec_B} ${iNucSet}

AA ${Scale_AA}

AB ${Scale_AB}

BB ${Scale_BB}

${L1} ${M1} ${N1} ${Coef AA} (${Coef AB} (${Coef _BB}))
${L2} ${M2} ${N2} ${Coef AA} (${Coef_AB} (${Coef_BB}))
EN ${iNuc} ${Scale_eN}

${L3} ${M3} ${N3} ${Coef AN} (${Coef BN}) ... e-Nterm
${L4} ${M4} ${N4} ${Coef AAN} (${Coef ABN} (${Coef_BBN}))... e-e-N term
End

Jastrow factor used in R4QMC has the following form,
J=exp(S*°+S"N %),

Here, S®° is the electron-electron (e-e) term,
LE'E

e-e :zsf—e’
ST Za. wai +ZZa| o +Za. ol - (A1)

i<j i<j

S*™ is the electron-nucleus (e-N) term,

LeN

;zseNA

eNA—ZaENArIJ+zaeNA|AJ, (AZ)

and S is the electron-electron-nucleus (e-e-N) term,

LEEN

SeeN ZzseeNA

S =3 (10, AL (LR T )

i<j

Ns
e-e-N,A (=l =m me =l N+
(16, [2) 2t (T + T )R

i<j

+ZZ( Oy me [2) A0 (TAT + T )T .. (A3)

where the scaled distance T = r/ (1+ br) and b is the scale parameter required in the QMCJastrow

eNA e-e-N,A

card. All S,e'e , ,and Sy terms can be generalized with modified coefficients a as following,



N, N/;'
:Z(l /2) ao (_IAI_12+"|A r]A) ijn+Z(l /2) ﬁﬂ( +r|A rJA)Fijn
I<] i<j
N, Ng
122160 /2) 8, (TR + FT )T . (A%)
i
The generalized term S is characterized by nucleus index A and three integers (I,m, n).

The e-e term is the (1 =0,m=0,n = 0) case, where

N, Ng

5= Zaaa i +Zaﬂﬂf +ZZaaﬂTij”,
i

i<j i<j
and the coefficient a in eq.(A4) is the same as the a°° in eq.(A1).
The e-N term is the (1 0,m =0,n=0) case, where

$= Zam(m”m) Zaﬁﬂ(lA+rJA) ZZ%(_ FJIA)

i<]j i<j

N, N
—1)Zamr,A +( s _1)ZaﬂﬂrlA +N; 2 a0+ Naiaaﬂﬁi

a4, and @,, have the same values, the equation becomes,

:(N—l)Zari,L

i<j

If the coefficients @,

(I, m, n) in the QMClastrow card is this three integers, and the coefficients are a_., , and aeeN

in egs. (A1-A3).



Module ONIOMPrep

Function
This module creates Geom file of each calculation level.

Required NAMELIST
&Control
&ONIOM

Prepared input data files
Name.Geom
Name.ONIOM

Created output data files
NameLR.Geom
NameHM.Geom
NameLM.Geom



Module ONIOM

Function
This module calculates ONIOM energy and its gradient.

Required NAMELIST
&Control
&ONIOM

Prepared input data files
Name.ONIOM
NameLR.TotEne
NameLR.Grad
NameHM.TotEne
NameHM.Grad
NamelLM.TotEne
NameLM.Grad

Created output data files
Name.TotEne
Name.Grad



NAMELIST &ONIOM

Parameters
NameLR prefix name which is used for Low-Real level calculation (default = ‘NameLR”)
NameHM prefix name which is used for High-Model level calculation (default ="NameHM”)

NameLM prefix name which is used for Low-Model level calculation (default ="NameLM”)



Module QMMMPrep

Function
This module creates Geom file of each calculation level according to main Geom file.

Required NAMELIST
&Control
&QMMM

Prepared input data files
Name.ONIOM
Name.Geom

Created output data files
NameQM.Geom
NameMM.Geom
NameQM.Charge



Module QMMM

Function
This module calculates the QM/MM energy and its gradient.

Required NAMELIST
&Control
&QMMM

Prepared input data files
Name.ONIOM (Optional)
Name.Geom
NameQM.Geom
NameQM.TotEne
NameQM.Grad
NameQM.ChGrad
NameQM.MMilInfo
NameMM.Geom
NameMM.TotEne
NameMM.Grad
NameMM.MMiInfo

Created output data files
Name.TotEne
Name.Grad



NAMELIST &QMMM

Parameters
Param name of molecular mechanics parameter file (default=" )
NameQM prefix name which is used for quantum mechanical calculation (default = "NameQM”)

NameQM prefix name which is used for molecular mechanics calculation (default = "NameMM”)



Module MFEP

Function

This module calculates approximate Gibbs free energy using QM/MM MFEP scheme. Two types of run,

reference generation and sample evaluation, are available.

Required NAMELIST
&Control
&MFEP

[In reference generation mode (Reference=T) ]

Prepared input data files
Name.Geom

[Tinker input file]

[Tinker parameter file]
[Tinker archive file]
Name.Ref.MFEP_Info
Name.Ref.Charge
Name.Ref. QMCHG

Created output data files
Name.Ref.MFEPDelta
Name.Ref. MFEPEOMM

[In sample evaluation]
Prepared input data files
Name.Geom

Name.Sub.inp
Name.Sub.Geom
Name.Sub.Basis

[Tinker input file]

[Tinker parameter file]
[Tinker archive file]
Name.Ref.MFEP_Info
Name.Ref.Charge
Name.Ref. QMCHG
Name.Ref.MFEPDelta
Name.Ref. MFEPEOMM
Name.TotEne
Name.Grad

Created output data files
Name.TotEne

Name.Grad

Name.TSEne

Name.TSGrad

... Information file of QM/MM attribution and MD condition

... Averaged solvent charge
... Fitted charge of QM atoms

(if DoGlobal = F)
(if DoGlobal = F)



NAMELIST &MFEP

Parameters

NameSub base name of sub (QM only) input files (default = Name.Sub)
NameRef base name of reference input files (default = Name.Ref)
Reference flag to perform reference generation run (default = .FALSE.)
F Run as a sample evaluation mode

T Run as a reference generation mode

MDlInput name of Tinker input file

MDParam name of Tinker parameter file

DoGlobal flag to perform whole system enthalpy calculation (default = . TRUE.)
F do whole system enthalpy calculation in other module

T do whole system enthalpy calculation in MFEP module
IPrint print option (default = 0)

0 default printing

1 additional information is printed out



Module DLFind
Function

Required NAMELIST
&Control
&DLFind

Prepared input data files
Name.Geom

Created output data files
Name.Geom

Name.Hessian
Name.NormMod



NAMELIST &DLFind

Parameters
Tolerance main convergence criterion (max grad component) (default = 0.00045)

Tolerance_E  convergence criterion on energy change (default = Tolerance / 450)

Printl how verbosely to write info to stdout (default = 4)

0 no printout

2 print something

4 be verbose

6 debug

Printf how verbosely files should be written (default = 2)

MaxCycle maximum number of cycles (default = 100)

MaxEne maximum number of energy and gradient evaluations (default = 100000)
1Coord type of internal coordinates (default = 3)

Unit place 0... Cartesians
Unitplace 1... HDLC - internals
Unit place 2... HDLC-TC
Unit place 3... DLC - internals
Unitplace4... DLC-TC

10X ... NEB with endpoints free

11X .. NEB with endpoints moving only perpendicular to their tangent direction

12X .. NEB with frozen endpoints

13X ... NEB with endpoints free; only initialization in coordinates X, optimization in
Cartesians

14X .. NEB with endpoints moving only perpendicular to their tangent direction; only
initialization in coordinates X, optimization in Cartesians

15X ... NEB with frozen endpoints; only initialization in coordinates X, optimization in
Cartesians

20X ... dimer method; translation and rotation of the dimer are covered by the optimizer
specified trough 10pt; requires two energy evaluation per iteration

21X ... dimer method; rotation of the dimer is done by a line search within the dimer module,
two energy calculations are used per rotation; requires at least two energy evaluation per iteration

22X ... dimer method; rotation of the dimer is done by a line search within the dimer module,

one energy calculation is done per iteration, the other one is interpolated; requires at least two energy
evaluation per iteration

MassWeight  use mass-weighted coordinates (default = .FALSE.)

10pt type of optimization algorithm

0 . steepest descent

2 conjugate gradient following Polak—Ribie’re with CG restart every 10 steps (hardcoded
at the moment)

3 LBFGS

10 P-RFO



11 just calculate the Hessian and do a thermal analysis

20 . Newton—Raphson/quasi-Newton

30 damped dynamics using the variables TimeStep, FricO, FricFac, and Fricp; the frictions
are defined that O corresponds to free (undamped) dynamics, and 1 corresponds to steepest descent

LBFGS_Mem number of steps in LBFGS memory (default = 3*number of atoms, 5 <= LBFGS_Mem
<=50)

ILine type of line search or trust radius (default = 1)

0 simple scaling of the proposed step, taking MaxStep into account

1 trust radius based on energy as acceptance criterion (recommended for L-BFGS
optimization)

2

3 trust radius based on gradient as acceptance criterion (recommended for CG

optimization)

MaxStep maximum length of the step in internals (default = 0.5)
ScaleStep constant factor with which to scale the step (default = 1.0)
NImage number of images in NEB calculation (default = 10)
NEBk force constant for NEB calculation (default = 0.01)

NEB_Climb_Test threshold scale factor for spawning climbing image (default = 3.0)

NEB_Freeze Test threshold scale factor for freezing NEB images (default = 1.0)

Delta delta —x in finite-difference Hessian (default=0.01)

Update Hessian update scheme

0 no update; always recalculate the Hessian (default = 2)

1 Powell update

2 Bofill update

3 BFGS update

MaxUpd maximum number of Hessian updates (default = 50)
InitHessian option for method of calculating the initial Hessian (default = 2)
1 build by one point finite difference of the gradient

2 build by two point finite difference of the gradient

3 build a diagonal Hessian with a single one point finite difference
4 set the Hessian to be an identity matrix

MinStep Hessian is not updated if step < MinStep (default = 0.00001)
Fric0 start friction for dumped dynamics (default = 0.3)

FricFac factor to reduce friction whenever the energy is decreasing (default = 0.95)



FricP friction to use whenever energy increasing (default = 0.3)

Dump after how many energy and gradient calculations to dump a checkpoint file? (default =
0)
Restart restart mode (default = 0)

Temperature  temperature for thermal analysis (default = 300.0)

Soft when the absolute value of eigenvalue of Hessian is less than Soft, ignore this mode in
P-RFO (default = 0.005)

OtherGeom prefix name for last geometry of NEB calculation (default=*“ )
CoordType NTChem original mnemonic for coordinate type (default=*“ )
“INTERNAL”... use DLC — internals; set unit place of ICoord to 3

“XYZ” ... use Cartesian coordinate; set unit place of 1Coord to 0

Opt NTChem original mnemonic for optimizer

“SD” ... use Steepest descent; set I0pt =0

“CG” ... use Conjugate gradient; set 10pt = 2

“LBFGS”... use L-BFGS; set IOpt =3

“TS” ... use P-RFO; set I0pt = 10

“NR” ... use Newton—Raphson/quasi-Newton; set IOpt = 20

“DUMP”... use Damped dynamics; set IOpt = 30

“FREQ”... carry out frequency analysis; set I0pt = 11

NEB flag to indicate whether NEB is performed

F do not carry out NEB calculation

T carry out NEB calculation; add 150 to ICoord

Dimer flag to indicate whether dimer method is performed

F do not use dimer method

T use dimer method; add 200 to 1Coord

NEBPath file name which include NEB initial images (default=“ )
NInitimg number of images in NEBPath

ParaNEB flag to indicate whether energy evaluation is performed at the same time in NEB
F evaluate a energy of individual images one by one

T evaluate energy of individual images at the same time on different processors



Module NEB

Function
This module controls the nudged elastic band (NEB) calculation.

Required NAMELIST
&Control
&NEB

Prepared input data files
Name.Basis

Name.Geom

Name.HCore

Name.Overlap
Name.NucRepl
Name.Charge (optionally)

Created output data files



NAMELIST

Parameters
NlImage

MaxlIter
Restart

F
T

&NEB

maximum number of images (default = 5)
maximum number of NEB optimizations (default = 1000)
flag to restart the NEB calculation (default = .FALSE.)

do not restart NEB
restart NEB

NImage Name.Geom.n (1 < n < NImage) are required if Restart = .TRUE.

String
F
T

ConSpr

Climb
F
T

Refine_Edge
F
T

OneByOne

Update
‘DampMD’...
‘Verlet” ...
‘cG’ ...
‘LBFGS’...

ThrGMax
0.00045)

flag to use the string method (default = .FALSE.)
do not use the string scheme
use the string scheme

spring constant in atomic units (default = 0.02); enforce ConSpr = 0.0 in case of String

flag to use a climbing image formulation (default = .FALSE.)
no climbing image
climbing image

flag to refine endpoints of the NEB path (default = .FALSE.)
frozen endpoints
endpoints free

type of optimization algorithm (default = ‘DampMD?)
damped molecular dynamics

Verlet algorithm

conjugate gradient

L-BFGS

convergence criterion for the maximum absolute gradient in atomic units (default =

This controls the following two criteria: (1) maximum absolute gradient, ThrGMax, (2) root-mean-
square of gradients, (2/3)*ThrGMax; criteria specified by ThrXMax should also be fulfilled

ThrXMax
=0.0018)

convergence criterion for the maximum absolute component of the step vector (default

This controls the following two criteria: (1) maximum absolute component of the step vector, ThrXMax,
(2) root-mean-square of the step vector, (2/3)*ThrXMax; criteria specified by ThrGMax should also be

fulfilled
FacDMD

DynDMD

damping factor in damped MD (default = 0.3)

flag to carry out a dynamic damping in damped MD (default = . TRUE.)



F do not use the dynamic damping so that a damping facter is constant in NEB
T use the dynamic damping

NResetCG the conjugate gradient scheme is reset every NResetCG times (default = 20)

I0_NEB unit number of the NEB output file (default = 6)



Module AIMD

Function
This module calculates the classical trajectory based on any ab initio calculation level. Some sampling
schemes for initial condition (coordinate and velocity) are also implemented.

Required NAMELIST
&Control
&AIMD

Prepared input data files
Name.Geom
Name.NormMod
Name.TotEne

Name.Grad

Name.NACP (NY1)
Name.StateNum (NY)

Created output data files
Name.AIMD



NAMELIST &AIMD

Parameters

TimeStep time step for molecular dynamics in atomic unit (default = 8.26)

NStep number of molecular dynamics step (default = 100)

Restart flag to indicate whether restart molecular dynamics or not (default = .FALSE.)
F do not restart molecular dynamics

T read AIMD file and restart molecular dynamics

VelUnit unit of input velocity in Velo card (default = ‘AU”)

AU atomic unit

AngFs ... angstrom per femto-second

TUnit unit of input time step (default = ‘AU”)

AU atomic unit

FS femto second

OutUnit unit of output (default = ‘AU”)

AU atomic unit

Else ... use angstrom for length, femto-second for time, kcal/mol for energy

Kelvin ... simulation temperature which is used in NVT ensemble and initial condition sampling

(default = 300)

Ensemble ensemble for molecular dynamics (default = "NVE”)
‘NVE’ ... microcanonical ensemble
‘NVT® ... canonical ensemble (use Nosé—Hoover chain thermostat)

NTempSample number of steps which is used to evaluate the averaged temperature (default = 10)

SurfHop flag to use the surface hopping (Does not work)

F do not use surface hopping

T use the surface hopping

StateNum electronic state (default = 1)

NState number of electronic state in calculation

Namel prefix name of NormMod file of moleculel (default = "")
Name?2 prefix name of NormMod file of molecule2 (default = ")
NAtoml Number of atoms of moleculel (default = NAtom)

NAtoml Number of atoms of molecule2 (default = 0)

VibSample computational type for vibrational sampling (default = ‘None’)

‘None’ ... do not sample vibrational motion



‘Classical’...
‘Quantum’...

RotSapmle
F .
T

F
T

OriSample

PosSample
T

TransSample
F
T

ThermSample
F
T

Distance

classical sampling
Wigner sampling

flag to sample rotational motion
do no sample rotational motion
sample rotational motion

flag to sample orientation
do no sample orientation
sample orientation

flag to sample relative position of moleculel and molecule2
do no sample relative position
sample orientation relative position

flag to sample relative translational motion of moleculel and molecule2
do no sample translational energy
sample translational energy

flag to use random thermal sampling
do not use random thermal sampling

use random thermal sampling

distance between molecule 1 and molecule2 in Bohr (default: two times the sum of the

diameters of the moleculel and molecule2)

ImpParam

ETrans
determined)

RATTLE
= FALSE.)
F
T

ThrRAT
MaxRAT
RandSeed
I[Print

1

2
3

impact parameter (default: randomly determined)

relative translational energy of moleculel and molecule2 (default: randomly

flag to use RATTLE algorithm to integrate the Newton's equation of motion (default

do not use RATTLE algorithm (usual velocity Verlet algorithm)
use RATTLE algorithm

Convergence threshold for RATTLE (default = 1.0D-7)
Maximum number of iteration of RATTLE (default = 1000)
seed of random number (default = 0: use system clock)
print flag

simple print

normal print
debug print



Module Pop

Function
This module carries out the population analysis.

Required NAMELIST
&Control
&Pop

Prepared input data files
Name.Overlap
Name.LMO
Name.MO
Name.Basis
Name.OrbEne
Name.OrbEneSO
Name.MOSO
Name.Dens
Name.DensSO
Name.SCF_Info
Name.SOSCF _Info

Created output data files



NAMELIST

Parameters
SOrbit

F

T

PrintMO
F

T
Mulliken
F

T
Lowdin

F
T

FragPop
ThrPrFrag

IPrint

&Pop

flag to use the density matrix which include spin—orbit interaction (default = .FALSE.)
use the density matrix which does not include spin—orbit interaction
use the density matrix which include spin—orbit interaction

flag to indicate whether print the molecular orbital coefficients (default = .FALSE.)
do not print molecular orbital coefficient
print molecular orbital coefficient

flag to carry out a Mulliken population analysis (default = . TRUE.)
do not carry out Mulliken population analysis

carry out Mulliken population analysis

flag to carry out a Léwdin population analysis (default = . TRUE.)
do not carry out Léwdin population analysis

carry out Lowdin population analysis

(default = .FALSE.)

(default = 0.02D+00)

print flag (default = 1)



Module Prop

Function

This module calculates the dipole moment as well as the transition dipole moment. The origin — not the
center of mass — is referred in the calculation of moments.

Required NAMELIST

&Control

&Prop

Prepared input data files

Created output data files



NAMELIST &Prop

Parameters
SOrbit

Quadrupole
TranDip

F

T

ThrOsc

IPrint

flag to use the density matrix which include spin—orbit interaction (default = .FALSE.)
use the density matrix which does not include spin—orbit interaction
use the density matrix which include spin—orbit interaction

flag to calculate dipole moment (default = . TRUE.)
do not calculate dipole moment
calculate dipole moment

(default = .FALSE.)

flag to calculate transition dipole moment (default = .FALSE.)
do not calculate transition dipole moment

calculate transition dipole moment

(default = 1.D-3)

print flag (default = 1)



Module MagProp

Function

This module controls the calculation of Hartree—Fock (HF) and Kohn-Sham (KS) density functional
theory (DFT) energies. Closed shell and spin unrestricted HF and KS-DFT energies can be calculated as
well as open shell restricted (pseudo-canonical) energies.

Required NAMELIST
&Control
&MagProp



NAMELIST &MagProp

Parameters



Module ESP

Function
This module evaluates electrostatic potential (ESP) and performs Merz—Kollman analysis. Evaluated
ESP is printed out in {SNAME}_ESP.cube file.

Required NAMELIST
&Control
&ESP

Input files

Name.Basis

Name.Geom

Name.SCF_Info

Name.Dens (if SOrbit = F)
Name.DensSO (if SOrbit = T)

Output files
{Name}.ESP.cube



NAMELIST &ESP

Parameters

DoCube flag to punch out ESP cube file (default = .TRUE.)

F only do MK analysis

T punch out ESP cube file and do MK analysis

SOrbit flag to use density calculated with two-component calculations (default = .FALSE.)
F use 1-component density file (Name.Dens)

T use 2-component density file (Name.DensSO)

UHF flag to indicate whether UHF/UKS density is used (default = .FALSE.)

F density file has been generated in RHF or RKS calculation

T density file has been generated in UHF or UKS calculation

NOccA number of electrons for alpha orbitals (default = 0)

0 automatically determine the number of electrons for the neutral molecule

NOccB number of electrons for beta orbitals (default = 0)

0 automatically determine the number of electrons for the neutral molecule
GridInterval interval of grid nodes in atomic unit (default = 2.0D0)

ESPICutPre integer to control exponent cutoff in one-electron integral evaluation (default = 13)

ESPICutwWF integer to control grid range (default = 9)

ESPPotCut real to control potential cutoff in one-electron integral evaluation (default = 1.0D-99)



Module CubeGen

Function
This module generates cube files of density (Total/Alpha/Beta/Spin) and MOs (or spinor density if
SOrbit =T).

Required NAMELIST
&Control
&CubeGen

Input files

Name.Basis

Name.Geom

Name.SCF_Info

Name.Dens (if SOrbit = F)
Name.DensSO (if SOrbit = T)

Output files

Name.{spin}Dens.cube (Name_ADens.cube / Name_BDens.cube)
Name.TotDens.cube

Name.SDens.cube

Name.{spin}{#MQ}.cube (ex. Name_B3.cube)
Name.{spin}:{#MO}{xyz}.cube (ex. Name_A12x.cube) ... Hidden option
Name.MOSO{#spinor}.cube (ex. Name_MOSOL1.cube)



NAMELIST

Parameters
DoDen

F

T

DoD1MO
F
T

SOrbit

NOccA
0

NOccB
0

GridType
“Auto” ...
“MinMax”...
Grid
“Coarse” ...
“Fine” ...
“Ultrafine” ...
GridInterval
CubelCutPrim

CubelCutWF

&CubeGen

flag to generate density cube file (default = . TRUE.)
do not generate density cubes
generate density cubes

flag to generate MO 1%t derivative cube file (default = .FALSE. / Hidden option)
do not generate MO 1% derivative cubes
generate MO 1%t derivative cubes

flag to use density calculated with 2-component calculations (default = .FALSE.)
use 1-component density file (Name.Dens)
use 2-component density file (Name.DensSO)

flag to indicate whether UHF/UKS density is used (default = .FALSE.)
density file has been generated in RHF or RKS calculation
density file has been generated in UHF or UKS calculation

flag to skip small primitive evaluation (default = . TRUE.)
evaluate all primitives at all grid point
skip small primitive evaluation

number of electrons for alpha orbitals (default = 0)
automatically determine the number of electrons for the neutral molecule

number of electrons for beta orbitals (default = 0)
automatically determine the number of electrons for the neutral molecule

method to generate grid (default = “Auto™)

automatically determine the grid

use input lower and upper bound of grid

keyword to indicate quality of cube grid

use 1/3 bohr grid

use 1/6 bohr grid

use 1/12 bohr grid

interval of grid nodes in atomic unit (default = 1/3) ignored if Grid keyword is specified
integer to control exponent cutoff in one-electron integral evaluation (default = 10)

integer to control grid range (default = 4)

[Following entries are required to generate alpha MO cube]

ALMO
AUMO

lowest alpha MO for MO-cube generation (default = 0)
highest alpha MO for MO-cube generation (default = 0)

[Following entries are required to generate beta MO cube]

BLMO

lowest beta MO for MO-cube generation (default = 0)



BUMO highest beta MO for MO-cube generation (default = 0)

[Following entries are required to generate spinor-density cube]

LMOSO lowest spinor for spinor-density-cube generation (default = 0)
UMOSO highest spinor for spinor-density-cube generation (default = 0)
[Following entries are required if GridType = “MinMax”’]

XMinGrid lower bound of grid point in x direction in a.u.

XMaxGrid upper bound of grid point in x direction in a.u.

YMinGrid lower bound of grid point in y direction in a.u.

Y MaxGrid upper bound of grid point in y direction in a.u.

ZMinGrid lower bound of grid point in z direction in a.u.

ZMaxGrid upper bound of grid point in z direction in a.u.

Comments

Q1. How to obtain density difference?
Al. In order to compute density difference between system A and system B
1. Calculate density cube of system A and check grid range from output
2. Calculate density cube of system B with GridType = ”"MinMax”, and set grid range and GridInterval
same as which used in the calculation of system A
3. Subtract density cube of B from density cube of A (manually)

Q2. How to generate cubes for several MOs? E.qg. cubes for MO 1, 4, 6, 11.
A2. Use utility program “sortmo” to rearrange MOs and set ALMO = 1, AUMO = 4 (# of required MOs)

Q3. How to speed up cube generation?
A3. Try following options
1. Use larger GridInterval
2. Use smaller CubelCutPrim
3. Use smaller CubelCutwWF



Module NT2FChk

Function
This module creates a Gaussian formatted checkpoint file.

Required NAMELIST
&Control

Prepared input data files
Name.Geom

Name.Basis

Name.MO

Name.Dens

Name.Hessian
Name.SCF_Info

Created output data files
Name.FChk



Module GenGFC

Function
This module generates auxiliary basis functions for the GFC method.

Required NAMELIST
&Control
&GenGFC

Prepared input data files

Name.Basis

Name.Dens

Name.EneCoul (Intermediate file generated by SCF module)

Created output data files
None (GFC basis is printed in the standard output)



NAMELIST &GenGFC

Parameters

UHF flag to indicate whether the spin unrestricted HF (UHF) or KS-DFT (UKS) method is
used (default = .FALSE.)

NOccA number of electrons for alpha orbitals (default = 0)

0 automatically determine the number of electrons for the neutral molecule
NOccB number of electrons for beta orbitals (default = 0)

0 automatically determine the number of electrons for the neutral molecule
NAnglAux angular quantum number of auxiliary basis function (default = 0)
TgtAngl target angular momentum (default = 0)

t0 (default = 1.0D-5)

ho (default = 1.0D-1)

SVDThr (default = -1.0D+99)

ExpThr (default = -1.0D+99)

CnvThr (default = -1.0D+99)

prin (default = 1)

Alph (default = 1.0D-13)

Beta (default = 3.0D+0)

NPrimAux (default = (/0, 0, 0, 0, 0/))
(integer array 0:5)

MinPrimAux  (default = 0)

MaxPrimAux  (default = 0)



Module BasisRIJ

Function
This module generates auxiliary basis functions for the RIDFT method.

Required NAMELIST
&Control
&GenGFC

Prepared input data files
Name.Geom

Name.Basis

Created output data files



Module CopyGeom

Function
This module copies a NTChem Geom file from Master node to all 1/0O node in the parallel calculations.

Required NAMELIST
&Control

Prepared input data files
Name.Geom (master node)

Created output data files
Name.Geom (all I/0 node other than master node)



Module Geom2xyz

Function
This module creates a XMol xyz file from a NTChem Geom file.

Usage
geom2xyz.exe {input}.Geom {output}.xyz

Required NAMELIST
None

Prepared input data files
{input}.Geom

Created output data files
{output}.xyz



Module RotGeom

Function
This module calculates a rotated Cartesian coordinate.

Usage
The users should prepare the input file before perform calculations by following file format.
IC1,IC2, IC3 # the centers 1 to 3
X1,VY1, 71 # reference coordinate 1
X2,Y2,22 # reference coordinate 2
X3,Y3,7Z3 # reference coordinate 3
NAtom # number of atoms
CO1X, C0O1Y, C0O1Z #coordinate of atom 1
C0O2X, C0O2Y, C02Z # coordinate of atom 2

To calculate the rotated Cartesian coordinate, type
rotgeom.exe < {input_file}

where the input file is specified via the standard input The result is prints out onto the standard output
and the users can store the result by redirecting the standard output to a text file..

Required NAMELIST
None

Prepared input data files
{input_file}

Created output data files
None



Module Cube

Function
This module calculates the sum or difference of cube file.

Ilﬁlse?l?ecases the grid should be consistent in all cube files. Intermediate file named, "work.cubel” or
"work.cube2" will be generated. To calculate the difference of two cube files A.cube and B.cube, type
ruby cube.rb A.cube - B.cube > result.cube

To calculate the sum of two cube files A.cube and B.cube, type

ruby cube.rb A.cube + B.cube > result.cube

More than two cube files also can be treated as follows

ruby cube.rb A.cube - B.cube - C.cube > result.cube

The result is prints out onto the standard output in cube format. The users can store the result by
redirecting the standard output to a text file.

Required NAMELIST
None

Prepared input data files
{input}.cube

Created output data files
work.cubel
work.cube2



Module MO2Bin

Function
This program generates the binary MO file from the formatted MO file

Required NAMELIST
&Control
&MO2Bin

Prepared input data files
Name.MO_Txt (if SOrbit = .FALSE.)
Name.MOSO_Txt (if SOrbit = . TRUE.)

Created output data files
Name.MO (if SOrbit = .FALSE.)
Name.MOSO (if SOrbit =.TRUE.)



NAMELIST

Parameters
NBF

NMO

UHF

&MO2Bin

number of basis functions
number of MOs

flag to use the UHF MO_Txt file
use the RHF MO_Txt file
use the UHF MO_Txt file

flag to use the MOSO_Txt file including spin-orbit interaction
use the MO_Txt file
use the MOSO_Txt file



Module MO2FChk

Function
This program converts the binary MO file into the formatted check point (.fchk) file using the

template .fchk file

Usage [This program does not use NTChem style input file]
Imo2fchk.exe  ${Inp.fchk} ${NTC.mo}  ${Out.fchk}

Required
${Inp.fchk} ... template .fchk file (Gaussian format)
${NTC.mo} ... MO file generated with NTChem

${Out.fchk} ... output .fchk file



Module MO2Txt

Function
This program generates the formatted MO file from the binary MO file

Required NAMELIST
&Control
&MO2Txt

Prepared input data files
Name.MO (if SOrbit = .FALSE.)
Name.MOSO (if SOrbit = . TRUE.)

Created output data files
Name.MO_Txt (if SOrbit = .FALSE.)
Name.MOSO_Txt (if SOrbit = . TRUE.)



NAMELIST

Parameters
NBF

NMO

UHF
F
T

SOrbit
E
T

&MO2Txt

number of basis functions
number of MOs

flag to use the UHF MO_Txt file
use the RHF MO_Txt file
use the UHF MO_Txt file

flag to use the MOSO_Txt file including spin-orbit interaction
use the MO_Txt file
use the MOSO_Txt file



Module SortMO

Function

This program sorts MO ordering

If, SortMOA(1:3) = (/5, 9, 12/) is given in the namelist “&SortMO”, first three alpha MOs in the output
MO file are the 5-th, 9-th, and 12-th alpha MOs in the original input MO file, and the other MOs are
sorted in ascending order in the original ordering

Required NAMELIST
&Control
&SortMO

Prepared input data files
Name.MO
Name.MOSO

Created output data files (overwritten)
Name.MO
Name.MOSO



Namelist

Parameters
NBF

NMO

UHF

SOrbit
SrtMOA
SrtMOB
SrtMOSO

&SortMO

number of basis functions

number of MOs

flag to use the UHF MOs

flag to use the MOSOs including spin-orbit interaction
integer array to indicate alpha MO numbers sorted
integer array to indicate beta MO numbers sorted
integer array to indicate MOSO numbers sorted



Module FChk2MO

Function
This module creates NTChem MO file and either OrbEne or OccNum files from a Gaussian fchk file.

Required NAMELIST
&Control
&FChk2MO

Prepared input data files
{input}.fchk

Created output data files
{input}.MO
{input}.OrbEne or {input}.OccNum



NAMELIST &FChk2MO

Parameters

UHF flag to indicate the molecular orbitals are spin-unrestricted (default = .FALSE.)

F molecular orbitals are spin-unrestricted

T molecular orbitals are spin-restricted

NatOrb flag to indicate that the orbital eigenvalues should be saved as occupation numbers,
rather than orbital energies (default = .FALSE.)

F eigenvalues are saved in .OrbEne file

T eigenvalues are saved in .OccNum file

IPrint Print option (default = 0)

0 default printing

>=1 ... print molecular orbital coefficients



Module FChk2Dens

Function
This module creates an NTChem Dens file from a Gaussian fchk file.

Usage
fchk2dens.exe {input}.fchk {output}.Dens

Required NAMELIST
None

Prepared input data files
{input} .fchk file

Created output data files
{output}.Dens



Module Dens2FChk

Function
This module creates

Usage
fchk2dens.exe {inputl}.fchk {input2}.Dens {output}.fchk

Required NAMELIST
None

Prepared input data files
{inputl } .fchk
{input2}.Dens

Created output data files
{output}.fchk



