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Preface
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1 GENERAL

1.1 Introduction

5FC GLQR?JJ?RGML MD RFC "KQRCPB?K %CLQGRW 'SLARGML?J NPMEP?K N?AI?E(
CVNJ?GLCB GL RFC *LQR?JJ?RGML K?LS?J 5FGQ 6QCP Q (SGBC BCQAPG@CQ FMI
QRPSARSPCB UF?R DGJCQ ?PC NPMBSACB ?LB QM ML 4MKC QNCAG?J ?NNJGA?
&V?KNJCQ BMASKCLR

8FCPC PCDCPCLACQ ?PC K?BC RM RFC MNCP?RGLE QWQRCK 04 ?LB RM RFC DG
RCPKGLMJIJMEW MD 6/*9 RWNC 04Q GQ SQCBHir&cioBes? GF C R OBAKFCBA?J QRPSARSPC ML

5FC "%' N?AI?EC GQ GL AMLRGLSMSQ BCTCJMNKCLR RM CVRCLB GRQ DSLARGML"
CDDGAGCLAW ?LB SQCP DPGCLBJGLCQQ ?LB MD AMSPQC RM AMPPCAR CPPMPQ
DMP GKNPMTCKCLR MD RFC QMDRU?PC ?LB RFC BMASKCLR?RGML

Characterization of ADF
Functionality

4GLEJC 1MGLR A?JASJ?RGML

(CMKCRPW ONRGKGX?RGML

5P?LQGRGML 4R?RCQ

'PCOSCLAGCQ ?LB RFCPKMBWL?KGA NPMNCPRGCQ

5P?AGLE ? 3C?ARGML 1?RF

$MKNSR?RGML MD ?LW CJCARPMLGA AMLDGESP?RGML
&VAGR?RGML CLCPEGCQ MQAGJJ?RMP QRPCLERFQ RP?LQGRGML BGNMJC
7?L BCP 8??JQ BGQNCPQGML AMCDDGAGCLRQ $% QNCARP? 03%
SQGLE 5GKC %CNCLBCLR %CLQGRW 'SLARGML?J 5FCMPW 5%%'5
&43 &13 E RCLQMPQ " RCLQMPQ /2$3%0Q

/.3 AFCKGA?J QFGDRQ ?LB QNGL QNGL AMSNJGLE AMLQR?LRQ
7?PGMSQ MRFCP KMJCASJ?P NPMNCPRGCQ

5PC?RKCLR MD J?PEC QWQRCKQ ?LB CLTGPMLKCLR @W RFC 2.
2S?LRSK .CAF?LGAQ .MJCASJ?P .CAF?LGAQ FW@PGB ?NNPM?AF

QO QO @ Q «©

«Q Q Q «

Applicability

"JJ CICKCLRQ MD RFC NCPGMBGA R?@JC A?L @C SQCB ; 'MP C?AF MD RF
@?7Q0GQ QCRQ MD BGDDCPCLR QGXCQ P?LEGLE DPMK KGLGK?J RM FGEF OS?JGR
PCJ?RGTGQRGA A?JASJ?RGMLQ UGRFGL RFC ;03" ?NNPM?AF ?LB DMP PCQNMLQC
BGDDSQC @?7QGQ DSLARGMLQ

Model Hamiltonian

g" AFMGAC MD %CLQGRW 'SLARGML?JQ @MRF DMP RFC -MA?J %YCLQGRW "N
DMP RFC (CLCP?JGXCB (P?BGCLR "NNPMVGK?RGML (("
DMP FW@PGB DSLARGML?JQ ASPPCLRJW DMP RFC 4%$' ?LB CLCPEGCQ MLJ
CV?KNJC
?LB DMP KCR? ((" bDSLARGML?JQ ASPPCLRJW DMP CLCPEGCQ MLJW ?PC ?
g 4NGL PCQRPGARCB MP SLPCQRPGARCB



g 3CI?RGTGQRGA CDDCARQ QA?J?P ?NNPMVGK?RGML ?LB QNGL MP@GR BM
SQGLE RFC LMU PCAMKKCLBCB ;03" MP RFC NPCTGMSQJW SQCB 1?SJG I

g &LTGPMLKCLR 4MJTCLR &DDCARQ )MKMECLCMSQ &JCARPGA 'GCJB 1MGL!
2. .. KCRFMB

Analysis

g %CAMKNMQGRGML MD RFC @MLB CLCPEW GL AFCKGA?J AMKNMLCLRQ
QRCPGA GLRCP?ARGML 1?SJG PCNSJQGML MP@GR?J GLRCP?ARGMLQ

g 3SCNPCQCLR?RGML MD B?R? .MJCASJ?P OP@GR?J AMCDDGAGCLRQ .SJJGIC
GL RCPKQ MD RFC AMLQRGRSCLR AFCKGA?J DP?EKCLRQ GL RFC KMJCASJC
?2JMLE UGRF RFC AMLTCLRGML?J PCNPCQCLR?RGML GL CICKCLR?PW @?QC

g "RMKGA AF?PEC BCRCPKGL?RGML @W )GPQFDCJB ?L?2JWQGQ ?LB @W 7MP N\
AF?PECQ
?2JMLE UGRF RFC AJ?QQGA?J .SJJGICL NMNSJ?RGMLQ ?LB .?WCP @MLB MF

Technical

g 5FC GKNJCKCLR?RGML GQ @?QCB SNML ? FGEFJW MNRGKGXCB LSKCPGA?.
CT?JS?RGML
MD K?RPGYVY CJCKCLRQ MD RFC '"MAI MNCP?RMP NPMNCPRW GLRCEP?JQ GL
5FC AMBC F?Q @CCL TCARMPGXCB ?LB N?P?JJCJGXCB
g #?2QGQ DSLARGMLQ ?PC 4J?RCP 5WNC OP@GR?JQ 450Q
"B?R?@?QC GQ ?T?GJ?@JC UGRF QCTCP?J @?QGQ QCRQ DMP C?AF ?RMK
g 5FC $MSIMK@ NMRCLRG?J GQ CT?JS?RCB TG? ?L ?AASP?RC DGRRGLE MD |
DGR DSLARGMLQ UFGAF ?PC 4J?RCP RWNC CVNMLCLRG?J DSLARGMLQ AC/|
5FC DGR DSLARGMLQ ?PC GLAJSBCB GL RFC B?R?@?QC DGJCQ
g" DPMXCL AMPC D?AGJGRW GQ NPMTGBCB DMP ?L CDDGAGCLR RPC?RKCLR
g &VRCLQGTC SQC GQ K?BC MD NMGLR EPMSN QWKKCRPW
.MQR MD RFC AMKKMLJW CLAMSLRCPCB QWKKCRPW EPMSNQ ?PC ?T?GJ?@
g-GLC?P QA?JGLE RCAFLGOSCQ ?PC SQCB RM QNCCB SN A?JASJ?RGMLQ ML

Fragments

"%' F?Q ? DP?EKCLR MPGCLRCB ?NNPM?AF RFC NMJW ?RMKGA QWQRCK RM @C /
DP?EKCLRQ RFC KMJCASJ?P MLC CJCARPML MP@GR?JQ ?PC A?JASJ?RCB ?Q JGL
?LB DGL?J ?L?JWXCQ MD C E RFC @MLBGLE CLCPEW ?PC GL RCPKQ MD DP?EKCL
QGLEJC ?RMKQ MP J?PECP KMGCRGCQ

8FCL WMS AMKNSRC ? QWQRCK GL RCPKQ MD GRQ AMLQRGRSCLR DP?EKCLRQ R
AMKNSRCB @CDMPC ?LB RFCGP NPMNCPRGCQ KSQR @C N?QQCB ML RM RFC ASP
fragmentfles UFGAF AMLR?GL RFC LCACQQ?PW GLDMPK?RGML " DP?EKCLR DGJC GQ
?L ?BD A?JASJ?RGML ML RF?R DP?EKCLR

8FCL SQGLE #?QGA "RMKQ ?Q DP?EKGBPRQR® RS BHPINER CICK B RMQ WMSPQCJID
K?W SQC RFC #?QGQ ICW ?LB "%' UGJJ APC?RC RFC PCOSGPCB DP?EKCLR DGJC
PCAMKKCLB RFGQ DC?RSPC DMP QR?PRGLE "%' SQCPQ



Basic atoms

0O@TGMSQJW RFCPC KSQR @C ? QCR MD DSLB?KCLR?J DP?EKCLRQ RF?R ?PC LMR
5FCPCDMPC "%' F?7Q RUM KMBCQ MD CVCASRGML RFC LMPK?J KMBC SQGLE DP?
UFGAF ? DSLB?KCLR?J DP?EKCLR GQ ECLCP?RBt @S AFQGDELIB?KRCMR?J DP?EKCL
QNFCPGA?JIW QWKKCRPGA ?LB QNGL PCQRPGARCB G C QNGL t ?LB QNGL | MPC
COS?JJW MAASNGCB ?LB DP?ARGML?J MAASN?RGMLQ ?PC ?NNJGCB GD LCACQQ
MTCP QWKKCRPW BCECLCP?RC QR?RCQ 4SAF ?basBaBRPMKGER?@ DPGEKRIMKGQGQ BC|
?PC RFC QK?JJCQR @SGJBGLE @JMAIQ DPMK UFGAF ?LW PC?J A?JASJ?RGMLQ °

OLC QFMSJB PC?JGXC RF?R RFC @?QGA ?RMKQ ?PC ?PRGDGAG?J M@HCARQ RF?I
?NNPM?AF @SR RF?R BM LMR LCACQQ?PGJW PCNPCQCLR PC?J ?RMKQ TCPW UCJ
CLCPEW MD ? KMJCASJC UGRF PCQNCAR RM @?QGA ?RMKQ DMP GLQR?LAC QFN
MPBCP RM ECR ? BCACLR AMKN?PGQML ?E?GLRRPCY BGCRRAISQLREN IB?RB DINE ®CTK
MD ?NNJGA?@JC T?JSCQ

'@?QGA ?RMK GQ AMKNSRCB GL RFC AMLTCLRGML?J U?W 5FC MLC CJCARPML M
AMK@GL?RGMLQ MD @?QGQ DSLARGMLQ RFC DPMXCL AMPC ?NNPMVGK?RGML K-
N?PRGASJ?P RWNC MD BCLQGRW DSLARGML?J A?L @C AFMQCL CR ACRCP? :MS
$MNNCP ?RMKQ @W SQGLE BGDDCPCLR @?QGQ QCRQ @W AFMMQGLE BGDDCPCL
?NNIJWGLE BGDDCPCLR BCLQGRW DSLARGML?JQ

Database

5FC "%"' N?AI?EC GQ COSGNNCB UGRF ? B?R?@?QC RM FCJN WMS ECLCP?RC @?Q
B?R?@7?QC AMLR?GLQ ? QR?LB?PB @?QGQ QCR ?LB PCJ?RCB GLDMPK?RGML DM
B?R? DGJCQ ?PC PCJ?RGTCJIJW QK?JJ "4%$** DGJCQ :MS A?L C?QGJW GLQNCAR RF
QSAF ? DGJC 5FGQ CL?@JCQ WMS RM APC?RC T?PG?RGMLQ ?LB AMLQRPSAR WM
L?KCQ MD RFC QR?LB?PB @?QGQ QCRQ F?TC AF?LECB QR?PRGLE DPMK RFC "%
L?KCQ *x4; **x%,; ***x%;1 *7x5;1 ?LB 7x5; 1 /MRC RF?R GL QMKC NJ?ACQ RFC
LMR PCNJ?ACB @W RFC LCU L?KCQ

5FC @?QGQ DSLARGMLQ SQCB GL "%' ?PC AMKKMLJW ILMUL ?2Q 4J?RCP 5WNC OP(
PMSEFJW @C AF?P?ARCPGXCB @W GRQ QGXC QGLEJC BMS@JC RPGNJC XCR?
MD DPMXCL AMPC ?NNPMVGK?RGML *LGRG?JJW RFC MLJW @?QGQ QCRQ NPMTG
*x x*xx *7 7 UFGAF LMU F?TC RFC KMPC GLRSGRGTC L?KCQ 4; %; %;1 5;1 ?LB
GLAPC?QGLE LSK@CPQ NMGLR RM ?L GLAPC?QC GL QGXC ?LB OS?JGRW *R GQ L
ECLCP?J AJ?QQGDGA?RGML DMP C?AF @?QGQ QCR BGPCARMPW )MUCTCP ECLC
QGLEJC XCR? @?QGQ QCR %; GQ ? BMS@JC XCR? @?QGQ QCR %:1 GQ ? BMS@J
BMS@JC XCR? T?JCLAC RPGNJC XCR? NMJ?PGXCB @?QGQ QCR ?LB DGL?JJW 5.
XCR? BMS@JW NMJ?PGXCB @?QGQ 5FGQ CVNJ?GLQ RFC KMPC GLRSGRGTC L?K:
L?KCQ F?TC ?2JQM @CCL AF?LECB QGLAC QMKC MD RFC @?QGQ QCRQ F?TC @CCl

*L ?BBGRGML RFC B?R?@?QC AMLR?GLQ BGPCARMPGCQ UGRF QNCAG?J @?QGQ

ZORA AMLR?GLQ @?QGQ QCRQ RF?R QFMSJB @C SQCB CVAJSQGTCJW DMP PCJ
?2NNPM?AF 6QGLE LMPK?J @?QGQ QCRQ GL ? ;03" A?JASJ?RGML K?W EGTC F
N?PRGASJ?P DMP FC?TW CJCKCLRQ 5FC Q?KC GQ AJ?QQGDGA?RGML GQ SQCE
RFC LML PCJ?RGTGQRGA BGPCARMPGCQ 5FC ;03" @?QGQ QCRQ UCPC ?BBCB ,
PCOSGPCKCLRQ ML @?QGQ QCRQ DMP ;03" PCJ?RGTGQRGA A?JASJ?RGMLQ C(
2;1 @?QGQ QCR A?L @C JMMQCJW BCQAPG@CB ?2Q AMPC RPGNJC XCR? T?JCL
NMJ?PGX?RGML DSLARGMLQ



ET AMLR?GLQ QCTCP?J CTCL RCKNCPCB @?QGQ QCRQ UFGAF CL?@JCQ MLC RM
?AASP?AW MD RFC QK?JJCQR @?7QGQ QCR GL RFGQ BGPCARMPW A?L JMMQCJW
T?JCLAC UGRF RFPCC NMJ?PGX?RGML DSLARGMLQ ?BBCB 5FGQ BGPCARMPW
DSLARGMLQ *L 3CQNMLQC A?JASJ?RGMLQ MLC QFMSJB SQC QSAF J?PEC @?Q
?@QMISRCJIJW LCACQQ?PW RM ECR EMMB PCQSJRQ DMP CVAGR?RGML CLCPEG!

AUG AMLR?GLQ QCTCP?J ?SEKCLRCB QR?LB?PB @?QGQ QCRQ UFGAF CL?@JCQ
CVAGR?RGML CLCPEGCQ UGRF PCJ?RGTCJIJW QK?JJ @?7QGQ QCRQ

OLD AMLR?GLQ @?QGQ QCRQ RF?R UCPC AMLR?GLCB GL RFC PCJC?QC @SR
?LWKMPC SLJCQQ UGRF EPC?R A?PC NPGK?PGJIJW @CA?SQC RFC GLTMJTCB DF
DPMXCL AMPC ?NNPMVGK?RGML *L QMKC A?QCQ UC DMSLB SLAMKDMPR?@JW
PCQSJRGLE DPMK QSAF RMM J?PEC AMPCQ

'SPRFCPKMPC WMS UGJJ DGLB GL RFC B?R?@7?QC

SpecialAE AMLR?GLQ LML PCJ?RGTGQRGA @?QGQ QCRQ DMP ?JJ CICARPML A?JA
@C SQCB ?Q QSAF @CA?SQC RFCW BML R AMLR?GL ?LW DGR QCRQ 6QGLE @
?LB GQ GL D?AR LMR NMQQG@JC ?R ?JJ O5FC SQ?EC ?LB PCJCT?LAC MD DGR |
RFCW QCPTC ?Q QR?PRGLE NMGLR DMP RFC BCTCIJMNKCLR MD LCU @?7QGQ Q
?NNPMNPG?RC DGR QCRQ F?TC ?JPC?BW @CCL ECLCP?RCB 5FC AMPPCQNMLB
?NNPMNPG?RC QS@BGPCARMPGCQ 4; %; %;1 CR ACRCP?

Special/Vdiff AMLR?GLQ LML PCJ?RGTGQRGA @?QGQ QCRQ RF?R GLAJSBC TCPW BC
PCAMKKCLBCB RM @C SQCB DMP 3CQNMLQC A?JASJ?RGMLQ 7CPW BGDDSQC T
ECR EMMB PCQSJRQ DMP CVAGR?RGML CLCPEGCQ AMPPCQNMLBGLE RM FGEF
CTCL RCKNCPCB @?QGQ QCRQ GL RFC &5 BGPCARMPW QGLAC RFCQC @?QGQ

SpecialMDC AMLR?GLQ LML PCJ?RGTGQRGA @?QGQ QCRQ UGRF MNRGKGXCB DGR
?AASP?RC .SJRGNMJC %CPGTCB $F?PECQ 5FCQC ?PC ?T?GJ?@JC MLJW DMP ?

Cerius AMLR?GLQ B?R? DGJCQ RF?R ?PC SQCB GL RFC $CPGSQ "%' EP?NFGA?J S
Dirac AMLR?GLQ RFC GLNSR DGJCQ DMP RFC %*3"$ ?SVGJG?PW NPMEP?K QCC F
Band AMLR?GLQ GLNSR DGJCQ DMP RFC #"/% NPMEP?K QCC RFC #"/% 6QCP Q (¢

ForceFields AMLR?GLQ DMPAC DGCJB DGJCQ RM @C SQCB GL RFC 2. .. DSLARGML?"
AMLRCLRQ ?PC BCQAPG@CB GL RFC 2. .. K?LS?J 4CC ?JQM RFC NB@ ?BD SRG
RP?LOQDMPKQ ? 1%# DGJC GLRM ?L "%' GLNSR DGJC DMP SQC UGRF 2.

5FC DGJCQ GL 4; MJB L?KC * ?LB ;03" 4; F?TC KGLGK?J @?QGQ QCRQ QGLE
CVNMLCLRQ MD RFC DSLARGMLQ AMPPCQNMLB RM RFC QR?LB?PB 450 E @?QGQ
(?SQQG?L RWNC @?QGQ DSLARGMLQ 5FC DPMXCL AMPC ?NNPMVGK?RGML GQ ?N
QFCJJQ 5WNC 4; B?R?@7?QC DGJCQ ?PC NPMTGBCB MLJW DMP RFC JGEFRCP CJC

5FC DGJCQ GL %; MJB L?KC ** A?L @C AF?P?ARCPGXCB ?Q BMS@JC XCR? @?7QG
RPGNJC XCR? QCR GQ SQCB DMP RFC B QFCJJQ MD RFC DGPQR PMU RP?LQGRGI
RFC D QFCJJQ MD RFC "ARGLGBCQ *L ?JJ RFCQC A?QCQ ? BMS@JC XCR? QCR N
RFC RPSC LSKCPGA?JJW AMKNSRCB ?RMKGA MP@GR?J

5FC @?QGQ QCRQ GL %;1 MJB L?KC *** ?2PC BCPGTCB DPMK %; MJB L?KC ** C°
DSLARGML 5FGQ RWNC MD @?QGQ QCRQ GQ RFSQ D?P NPMTGBCB MLJW DMP RF
RFPMSEF ,P



5;1 MJB L?KC *7 AMLR?GLQ RPGNJC XCR? @?QGQ QCRQ " NMJ?PGX?RGML DSLA
(? RFPMSEF ,P DPMK %;1

5;1 MJB L?KC 7 DGL?JJW EGTCQ CVRCLBCB @?QGQ QCRQ RPGNJC XCR? UGRF
"P ?LB (? RFPMSEF ,P DPMK %;1 /MRC RF?R RFC 5; 1 B?R?7@?QC DGJCQ ?PC NP
CJCKCLRQ SN RM ,P 5FC ;03" 5; 1 B?R?@?QC DGJCQ ?PC NPMTGBCB DMP ?JJ CJ
MLC NMJ?PGX?RGML DSLARGML GQ ?BBCB AMKN?PCB RM RFC AMPPCQNMLBGLE ¢
UGJJ LMR ?2JU?WQ EGTC WMS CVRP? @?QGQ DSLARGMLQ DMP KMQR J?LRF?LGBC

.SJRGNJC MAASPPCLACQ MD MLC AFCKGA?J CJCKCLR GL RFC Q?KC @?QGQ QCR
JCTCJQ MD RFC DPMXCL AMPC ?NNPMVGK?RGML .?LE?LCQC DMP GLQR?LAC K?W
DPMXCL N QFCJJ ?LB ?LMRFCP MLC UGRF ? DPMXCL N QFCJJ 5FC DGJC L?KCQ
? B?R? DGJC DMP .?LE?LCQC UGRF DPMXCL AMPC QFCJJQ SN RM RFC N JCTCJ "
AMPPCQNMLB RM ? DGJC RF?R F?Q LM DPMXCL AMPC QSDDGV GL GRQ L?KC

"LMRFCP RWNC MD KSJRGNJC MAASPPCLAC MD MLC CJCKCLR GL MLC B?R?@7?QC
F?TC @CCL BCTCJMNCB DMP BGDDCPCLR CICARPMLGA AMLDGESP?RGMLQ RFC 4
LSKCPGA?J MP@GR?JQ DPMK PSLQ UGRF BGDDCPCLR MAASN?RGML LSK@CPQ $°
B?R?@?QC BGPCARMPGCQ %; 5;1 ?LB 5; 1 UFCPC @?QGQ QCRQ ?PC QSNNJGCB
AMLDGESP?RGMLQ PCQNCARGTCJW 4GLAC GL C?PJGCP PCJC?QCQ MLIJW RFC B
B?R?@?QC DGJCQ ?PC /G N DMP B Q ?LB /G>B N ?LB JGICUGQC /G N ?LB /G

"Q KCLRGMLCB ?@MTC QMKC ?JJ CIJCARPML @?QGQ QCRQ ?PC NPCQCLR GL RFC
MJB L?KCQ *7 @SR LMR DMP ?JJ CIJCKCLRQ MD RFC NCPGMBGA R?@JC 5FC F(
PCJ?RGTGQRGA ?JJ CIJCARPML @?QGQ QCRQ ?PC KGQQGLE *L RFC ;03" @?QGQ
QCRQ DMP ?JJ CJCKCLRQ ; UFGAF 2JQM AMSJB @C SQCB GL LML PCJ?RG
RF?R RFCQC @?QGQ QCRQ UCPC MNRGKGXCB DMP ;03" A?JASJ?RGMLQ UFGAF K
UGJJ LMR ?2JU?WQ EGTC WMS RFC CVNCARCB ?AASP?AW 8?PLGLE RFC DPMXCL
QFMSJB LCTCP @C SQCB GL LML PCJ?RGTGQRGA A?JASJ?RGMLQ /ML PCJ?RGTG(
CJCKCLRQ ?PC NPMTGBCB GL ? QCN?P?RC BGPCARMPW "& UFGAF AMLR?GLQ @?
XCR? OS?JGRW GLBGA?RCB PCQNCARGTCJW @W QSDDGVCQ QX BX ?LB RX

B?R?@?QC DGJCQ @CA?SQC RFCW BML R AMLR?GL DGR QCRQ RFC SQ?EC ?LB F
J?RCP

5FC BCTCIMNKCLR MD DGR QCRQ ?LB RFCGP RCQRGLE GQ LMR ? RPGTG?JGRW
?LMRFCP B?R?@?QC DGJC AMPPCQNMLBGLE RM QMKC DPMXCL AMPC JCTCJ ?L8B
UGJJ EGTC QGELGDGA?LR CPPMPQ ?LB K?IC PCQSJRQ UMPRFJICQQ *L RFC ;03" E
QCRQ UGRF EMMB DGRQ QCRQ DMP RFC FC?TGCP CJCKCLRQ

Automatic mode

*D WMS ?PC SQGLE #?QGA "RMK DP?EKCLRQ MLJW WMS BM LMR LCCB RM NPCN
WMSPQCJD *LQRC?B ?BB RFC #"4*4 @JMAI ICW RM RFC ?BD GLNSR ?LB "%' UGJ
DGJCQ DMP WMS 5FGQ K?ICQ WMSP HM@ QAPGNRQ ?LB "%' GLNSRQ QGKNJCP C
APC?RC PSLQ ?LB KMJCASJ?P PSLQ ?PC SQCB ?LB WMS UGJJ @C QSPC RF?R RF
APC?RCB @W RFC Q?KC PCJC?QC MD "%

1.2 Technical remarks, Terminology

" DCU UMPBQ ?@MSR "%' ?Q PCE?PBQ GRQ RCAFLGA?J QCRSN ?LB RFC L?KCQ ?L
3CDCPCLACQ RM RFCQC UGJJ @C K?BC GL RFC BGQASQQGML MD MSRNSR ?LB NF



Basis functions and orbitals

-CR SQ K?IC ? AJC?P BGQRG LRGN I? L ABOIRECCTCI@BEGRC RFCQC NFP?QCQ ?PC
QMKCRGKCQ KGVCB SN GL RFC RP?BGRGML?J RCPKGLMIMEW O0OP@GR?JQ ?PC ?1J
DSLARGMLQ OP@GR?JQ ?PC PCJ?RCB RM RFC AMKNSRCB CGECLDSLARGMLQ MD
MAASPPGLE GL RFC PSL MP GL ? PCJ?RCB NPCACBGLE A?JASJ?RGML 'SLARGMLC
CLRGRGCQ GL UFGAF RFC MP@GR?JQ ?PC CVNPCQQCB " 4J?RCP 5WNC OP@GR?J
MP@GR?J

5FC NFWQGA?J KC?LGLE MD MLC CJCARPML MP@GR?JQ GL %'5 F?Q MDRCL @CCL
SQCDSJ OS?LRGRGCQ DMP GLRCPNPCR?RGML HSQR JGIC RFC ) MP@GR?JQ 'MP

Cartesian function sets, spurious components

"%' CKNJMWQ 4J?RCP RWNC CVNMLCLRG?J @?QGQ DSLARGMLQ ACLRCPCB ML RF
CVNMLCLReR®JN?PR.B ?2 NMJIWLMK P WHEC' mDAm@GBLAF?P?ARCPGXCB @W GRQ
P?BG?J @CF?TGMP RFC CVNMLCLRG?J N?PR ?LB RFC NMUCP MD P IP ?2LB @W C
| 5FC DSLARGMLQ GL QSAF ? QCR AML QG &R% DQBIFNAFP® G @3 BCAKCK BPEL?RG ML Q
BCLMRC®utBsE QNFCPGA?J F?PKMLGAQ

5FC $?PRCQG?L DSLARGML QCRQ ?PC TCPW QSGR?@JC DMP AMKNSR?RGML?J K?
GLQNCARGML GR GQ @?QGRWMCPGORQBMRF?R?PRCQG?L DSLARGMLQ UFGJC RFC
RPSEBWNC DSLARGMLQ ?KMLE RFCK MLC JGLC?Ps RMKNEZGLSRERAMMD RFCK GQ
VWX 4GKGJ?PJW RROANEC B?CRCQG?L DSLARGMLpQD S IMAR G MG @ F "2ABCQML NDLI? AR
"%' 23] QSAF AMU@FGL?RGMLQ MD DSLARGMLQ ?PC NPMHCARCB MSR MD RFC @?
AMLQCOSCLAC R ®?®EQ QCRQC MD RFC LSK@CP MD BCEPCCQ MD DPCCBMK ?
NMQQG@JC CGECLDSLARGMLQ MD RFC 'MAI MNCP?RMP GQ QK?JJCP RF?L RFC LS

RM RFC NPGKGRGTC $?PRCQG?L @?QGQ DSLARGMLQ

5FC 7@@PCTG?RGML #"4 GQ SQCB DMP PCDCPCLACQ RM RFC CJCKCLR?PW $?PR!

Frozen core: Core Orbitals and Core Functions

5M QNCCB SN RFC AMKNSR?RGML RFC GLLCPKMQR ?RMKGA QFCJJQ ?PC ICNR DP
UFGAF ?PC QMJSRGMLQ MD ? J?PEC @?QGQ ?JJ CICARPML A?JASJ?RGML ML RFC
?SVGJG?PW QCR MD 4J?RCP RWNC @?QGQ DSLARGMLQ AMP @?Q BGQRGLAR DI
CVN?LQGML AMCDDGAGCLRQ RF?R EGTC RFC $0Q CVNPCQQCB GL RFCK ?PC QRM

OPRFMEML?JGRW MD RFC T?JCLAC .MJCASJ?P OP@GR?JQ .0 RM RFC $0Q GQ ?A}
'SLARGMLQ $' G5FCQC DSLARGMLQ ?PC GLAJSBCB GL RFC T?JCLAC QCR @SR RF
DPCCBMK &?AF MD RFC LMPK?J T?JCLAC DSLARGMLQ GQ AMK@GLCB UGRF ? JGL
KMJCASJC GL QSAF ? U?W RF?R RFC RP?LQDMPKCB DSLARGML A@?Q GQ MPRFNM
5FCPC ?PC CV?ARJW ?Q K?LW $'Q ?Q $0Q QM RFC MPRFMEML?JGRW AMLBGRGML
?KMSLRQ RM RFC QMJSRGML MD ? JGLC?P QWQRCK UFCPC RFC LSK@CP MD AMLE

5FGQ ?QNCAR MLAC KMPC GLAPC?QCQ RFC BGQAPCN?LAW @CRUCCL RFC LSK@C
?LB RFC LSK@CP MD .0Q RFC CVN?LQGML AMCDDGAGCLRQ GL RFC KMQR CJCKC
@?Q DSLARGMLQ GLAJSBGLE RFC $'Q ?KMLE RFCK "R QMKC NJ?ACQ RFCPC K?W
AMPC MPRFMEML?JGXCB #"4 DSLARGMLQ $#"4 UFCPC RFC $'Q BM LMR AMSLR 21
GL RFC A@?Q DSLARGMLQ



Symmetry

5FC OTCPJ?N ?LB '"MAI K?RPGACQ @CAMKC @JMAI BG?EML?J @W SQGLE QWKKCR
$ #'4 DSLARGMLQ QSAF RF?R C?AF QSAF DSLARGML RP?LQDMPKQ SLBCP RFC Q
QS@QNCAGCQ MD RFC GPPCBSAG@JC PCNPCQCLR?RGMLQ GPPCN MD RFC QWK
BCLMRCB $ 4#"4

'MP ? EGTCL GPPCN ?LB QS@QNCAGCQ LMR ?JJ CIJCKCLR?PW @?7QGQ DSLARGMLC
AMK@GL?RGMLQ 'MP GLQR?LAC DMP ?L ?RMK GL ? PCDJCARGML NJ?LC ? @?QG
PCQNCAR RM RFC PCDJCARGML A?LLMR @C N?PR MD ?LW QWKKCRPGA AMK@GL?
QWKKCRPGCQ RFC LSK@CP MD #"4 DSLARGMLQ RF?R ?PC PCJCT?LR DMP ? QS@C
RF?L RFC RMR?J LSK@CP MD #"4 DSLARGMLQ 5FGQ GQ SQCB RM ASR BMUL CVN"
GL RFC AMKNSR?RGML ?LB AMLQRPSARGML MD RFC "MAI K?RPGV ?LB GL NPGLR(
AMCDDGAGCLRQ GL RFC @?Q PCNPCQCLR?RGML PCDCP MLJW RM RFC N?PRGAC
NPGLRCB ?R ?L C?PJW QR?EC MD RFC PSL DMP C?AF MD RFC QS@QNCAGCQ

Orthonormal basis

*R GQ MDRCL AMKNSR?RGML?JJW AMLTCLGCLR RM SQC ?L MPRFMLMPK?J @?QGQ
@?QGQ @W ? -MUBGL MPRFMEML?JGX?RGML NPMACBSPC 5FC PCQSJRGLE QWKK
BCLMRCB JMU

5FC .0Q ?PC AMKNSRCB @W BG?EML?JGX?RGML MD RFC '"MAI K?RPGV GL RFC -08
CGECLTCARMPQ ?PC C?QGJW RP?LQDMPKCB @?Al RM ?LW MRFCP PCNPCQCLR?R
GLQR?LAC RM RFC NPGKGRGTC A?PRCQG?L @?Q PCNPCQCLR?RGML GLAJSBGLE

Fragments

&VACNR GL $PC?RC HaMBa®mMWBGRL ARG IPQRPSARCB RFC QWQRCK GQ @SGJR SN DPMK
AMPPCQNMLBGLE DP?EKCLR DGJCQ ?PC ?RR?AFCB RM RFC PSL 5FC NPMEP?K P(
?LB RFCQC ?PC SQCB bafs funtlishs! M BIPBRFC KMJCASJ?P A?JASJ?RGML 5FC DP?EKCL
A?JJCB 'P?EKCLR OP@GR?JQ 'O

'0Q @CJMLE MD AMSPQC RM MLC MD RFC QWKKCRPW PCNPCQCLR?RGMLQ MD RF(
QWKKCRPW PCNPCQCLR?RGML MD RFC LCU KMJCASJC 65FC '0Q ?PC RFCPCDMPC
AMK@GL?RGMLQ 4'0Q RM QCPTC ?Q ? QWKKCRPW ?B?NRCB @?QGQ GL RFC KMJ
GLTMJTC MLC MP KMPC '0Q DPMK RFC Q?KC DP?EKCLR ?LB MP DPMK BGDDCPCLR
DP?EKCLRQ KSQR @C QWKKCRPW PCJ?RCB @W MLC MD RFC MNCP?RMPQ MD RFC
KSQR MD AMSPQC @C GBCLRGA?J ?N?PR DPMK RFCGP QN2A2®&?J JMA?RGML RFC

'0Q ?PC L?RSP?JJW MPRFMEML?J RM RFC $MPC OP@GR?JQ MD RFCGP MUL DP?EK
DP?EKCLRQ #W ? QSGR?@JC AMK@GL?RGML MD RFC 4'0Q UGRF ?JJ $'Q GL RFC |
MPRFMEML?JGXCB QWKKCRPW ?B?NRCB $4'0Q

5FC $4'0Q A?L @C RP?LQDMPKCB RM ?L MPRFMLMPK?J @?QGQ @W ? -MUBGL RP?
A?JJCB JMU ?Q ?@MTC

Summary of functions and orbitals

*L $PC?RC KMBC RFC AMLACNRS?J ?NNPM?AF GQ



#"4 x AMPC MPRFMEML?JGX?RGML x $#"4 x QWKKCRPW x $4#"4 x MPRFMLMPK?
BG?EML?JGX?RGML x .0

*L '"P?EKCLR KMBC

‘0 .0 DPMK DP?EKCLR DGJC x QWKKCRPW x 4'0 x AMPC MPRF x $4'0 x MPRF
'MAI BG?EML?JGX?RGML x .0

Acronyms:

BAS

&JCKCLR?PW A?PRCQG?L @?QGQ DSLARGMLQ AMLQGQRGLE MD ? P?BG?J N?P
?L ?LESJ?P N?PR A?PRCQG?L QNFCPGA?J F?PKMLGA 5FQd AMKNJCRC #"4 QCR
AMK@GL?RGMLQ RFCQC AMK@GL?RGMLQ ?PC NPMHCARCB MSR ?LB LMR SQCB
AMLR?GLQ ?JQM $MPC 'SLARGMLQ

SBAS

4WKKCRPW ?B?NRCB AMK@GL?RGML MD #"4 DSLARGMLQ

CF

$MPC 'SLARGML N?PR MD RFC @?Q QCR 5FC $'Q BM LMR PCNPCQCLR BCEPCC
QCPTC MLIJW RM CLQSPC MPRFMEML?JGX?RGML MD RFC T?JCLAC QN?AC RM ?J

CBAS

$MPC MPRFMEML?JGXCB CJCKCLR?PW @?QGQ DSLARGMLQ RFC RPSC T?JCLAC
@W ?BBGLE ? QSGR?@JC AMK@GL?RGML MD RFC $'Q 5FC RMR?J LSK@CP MD 3
COS?JQ RFC RMR?J LSK@CP MD #"4

CSBAS
4WKKCRPW ?B?NRCB AMK@GL?RGML MD A@?Q DSLARGMLQ

CO

'PMXCL $MPC OP@GR?JQ CVNPCQQCB ?Q JGLC?P AMK@GL?RGMLQ MD ?L ?SVG
NJ?WQ LM PMJC GL RFC DSPRFCP BGQABQRFEME' Q5FC AMP@?Q DSLARGMLQ ?P(

5FC LSK@CP MD $0Q COS?JQ RFC LSK@CP MD $'Q

LOW

-MUBGL MPRFMLMPK?JGXCB QWKKCRPW ?B?NRCB AMPC MPRFMEML?JGXCB @?!
BGPCARJW DPMK RFC #"4 DSLARGMLQ GL 'P?EKCLR KMBC DPMK RFC 'P?EKCLF
AMSPQC CVNPCQQG@JC GL RFC #"4 QCR

FO

'P?EKCLR OP@GR?J RFC .0 MD ? DP?EKC bBsi®Nf@nt#od JIZIR E MC KINMUILC SIOB R ?
UFGAF RFC DP?EKCLR GQ N?PR

SFO

4WKKCRPW ?B?NRCB AMK@GL?RGML MD '0Q



CSFO

$MPC MPRFMEML?JGXCB 4'0

Fit functions

6QGLE 4J?RCP RWNC @?QGQ DSLARGMLQ WGCJBQ ?UIU?PB KSJRG ACLRCP GLRC
NMRCLRG?J 5FGQ GQ PCKCBGCB @Vit DERNARB/NGLE 7IG PGS RELGCAPWAILCRMBRGMLQ
DSLARGMLQ ?PC 4J?RCP RWNC CVNMLCLRG?J DSLARGMLQ A®ddBR&PCB ML RFC ?R|
MD @?QGQ DSLARGMLQ GQ RFCL PCNJ?ACB ?NNPMVGK?RCB @W ? JGLC?P AMK
DSLARGMLQ 5FC AMK@GL?RGML AM&EDEGAGCLRQ ?PC A?JJCB RFC DGR

€ P ctcP

5FC 1IMGQQML COS?RGML DMP RFC DGR DSLARGMLQ GQ C?QGJW QMJTCB WGCIJE
2L CVN?LQ @bénti6ilDBGRREMLQ

féP fgR AP P Z
VsMsime P oA P

*L RFC 4$' NPMACBSPC RFC DGR AMCDDGAGCLRQ ?PC AMKNSRCB @W ? JC?QR Q¢
m c€2AR D&RAP KGL

UGRF RFC AMLQRBRARICRRACAMPPCAR LSK@EP BWUID GICBRRMREC €QSK MD MAAS]
MP@GR?JQ QOS?PCB ?LB KSJRGNJGCB @W RFC ?NNPMNPG?RC MAASN?RGML LS|
2NNPMVGK?RGML GQ GKNMPR?LR ?LB RFC DGR QCR NJ?WQ ? PMJC QGKGJ?P RM
AFMQCL DSLARGML AF?P?ARCPGQRGAQ WGCJB GLDCPGMP PCQSJRQ ?LB RFCPC
DSLARGMLQ ML ?L ?RMK ?PC AMLQCOSCLRJW ?L GLRCEP?J N?PR MD RFC BCDGL(
GLAJSBCB GL RFC $PC?RC B?R? DGJCQ 'MPRSL?RCJW RFC QGXC MD RFC DGR Q
CDDMPR GL QSAF ? BP?QRGA U?W ?Q RFC QGXC MD RFC @?QGQ QCR BMCQ 8C F
RFMSEF LMR CVRPCKC DGR QCRQ UGRF RFC NSPNMQC RF?R RFC CDDCAR MD [
QK?JJ CLMSEF RM @C GELMPCB AMKN?PCB UGRF @?QGQ QCR CDDCARQ LSKCPG
'SLARGML?J BCDGAGCLAGCQ 5FGQ BMCQ MD AMSPQC BCNCLB QMKCUF?R ML RF
NPMNCPRGCQ QM ? ECLCP?J ES?P?LRCC A?LLMR @C EGTCL ?LB ?Q UGRF @2?QG
2L MNCL CWC DMP NMQQG@JC NPM@JCKQ ?LB AFCAlI RFC NCPR?GLGLE GLDMPK?

OLC MD RFC KMQR GKNMPR?LR NPMNCPRGCQ MD ? KMJCASJC GQ GRQ CLCPEW N
AMLQRGRSCLR DP?EKCLRQ 5FC DGR GLAMKNJCRCLCQQ GLRPMBSACQ RUM RWNC
$MSIMK@ NMRCLRG?J GQ MLJW ?NNPMVGK?RCB RFC 4% QMJSRGML GRQCJD G
OP@GR?JQ ?LB RFCGP CLCPEW CGECLT?JSCQ K?W @C QJGEFRJW UPMLE WGCJB
FCLAC GL RFC CLCPEW 4GLAC RFC CLCPEW GQ RM DGPQR MPBCP QR?@JC UGRF
RFGQ CPPMP GL RFC CLCPEW A?L @C ?QQSKCB TCPW QK?JJ 5FC QCAMLB RWNC
MD RFC CLCPEW DPMK RFC QCJD AMLQGQRCLR AF?PEC BCLQGRW TG? RFC $MS

€ yd&voAR DER u P
?LB
VpdrR wod¥ 4P P Z

'"MP RFC $MSIJMK@ CLCPEW MD RFC AF?PEC BCLQGRW UC F?TC



EsmsP mm € P deBP h P oRPIP mm € P dBP ZP P Z
WpdR <€ PdB Pmm u P dBP ZP P Z

DPMK UFGAF UC QCC RF?R RFC DGR CPPMP GQ AMPPCARCB RM DGPQR MPBCP @
AF?PEC BCLQGRW UFCL GLRCEP?RGLE ?E?GLQR RFC DGR NMRCLRG?J ?LB RF?R
A?LLMR @C CT?JS?RCB RFC J?QR RCPK GL RFC PGEFR F?LB QGBC MD

"D?GP GKNPCQQGML MD RFC DGR OS?JGRW ?LB RFC GKNMPR?LAC MD RFC QCAN

a RFC QGXC MD RFC DGPQR IMiRBGE@P AP REBG RGWIK RMDPRAFC BCDGARGCLAW DSLARG
dP #MRF ?PC NPGLRCB GL QR?LB?PB MSRNSR ?R RFC CLB MD RFC MSRNSR MD F
5FCW ?PC SQS?JJW TCPW QK?JJ UFGAF EGTCQ QMKC AMLDGBCLAC RF?R RFC QC

Three-step build-up of the bonding

5FC ?NNPM?AF MD "%' GQ @?QCB ML DP?EKCLRQ 5FGQ ?NNJGCQ LMR MLJW GL F
AMKNSR?RGML @SR ?JQM GL RFC QCR SN MD RFC NPMEP?K 5FC AMKNSR?RGML
DP?EKCLRQ R?ICQ NJ?AC GL RFPCC QRCNQ ?LB RFCQC ?PC PCDJCARCB GL RFC

'"GPQR RFC DPCC SLPCJ?VCB DP?EKCLRQ ?PC NJ?ACB ?R RFCGP NMQGRGMLQ
electrostatc GLRCP?ARGML DMP C?AF DP?EKCLR RFC $MSIMK@ GLRCP?ARGML MD GF
DGCJBQ MD RFC MRFCP DP?EKCLRQ

/ICVR RFC 1?SJG CVAJSQGML NPGLAGNJC GQ ?NNJGCB &TCL UGRFMSR AMLQGB(
MP@GR?JQ MD RFC AMK@GLCB DP?EKCLRQ A?LLMR PCNPCQCLR ? AMPPCAR MLC
MP@GR?JQ MD BGDDCPCLR DP?EKCLRQ ?PC LMR MPRFMEML?J RM MLC ?LMRFCP
MPRFMLMPK?JGX?RGML MD RFC MAASNGCB 'P?EKCLR OP@GR?JQ RM M@R?GL ?L
AF?LEC GL RFC RMR?J KMJCASJ?P AF?PEC BCLQGRW DPMK RFC QSK MD DP?EKCI
Mdrthogonalized DP?EKCLRQ 5FC AMPPCQNMLBGLE PCNSJQGTC CLCPEW RCPK GQ C°
A?JEgBange PCNSJQGML M PPaul PCMLS?RIGGINCL WaRHDgdhBIfZed) tagments GD WMS

DGLB GR CJQCUFCPC GL RFGQ K?LS?J MP GL RFC QMSPAC AMBC MD ?BD PCDCP
?LB CIJCARPMQR?RGA GLmR@PPtBMRAAIL GQ A?JJCB RFC

5FC RFGPB NF?QC GQ RFC PCJ?V?RGML RM QCJD AMLQGQRCLAW UGRF MD AMSF
CLCPEW

Transition State procedure

5FGQ NFP?QC QR?LBQ DMP ?L ?L?JWQEQULUECRFM BN CQAPR@NCIB RAM. REDLQGRGML ¢
AFCKGA?J PC?ARGMLQ "L CVRCLQGTC BGQASQQGML MD ®@MLB CLCPEW ?L?JWQC

5FC CLCPEW ?QQMAG?RCB UGRF ? AF?LEC GL AF?PEC BCLQGRW Q?W RFC PCJ?\
MD MPRFMEML?J DP?EKCLRQ A?L @C AMKNSRCB @W QS@RP?ARGLE DGL?J ?LB (
AMPPCQNMLBGLE AF?PEC BCLQGRW 'MP NSPNMQCQ MD ?L?IJWQGQ RFC AF?LEC

€DGL?J
B& mMYBSEL?BLGRG?>IM B€E = |
€GLGRG?J

"€ GQ RFC 'MAI MNCP?RMP @CJMLEGLE RM RFC AF?PEC BCLQGRW €



#W UPGRGLE RFC BCbQGRWeB&ZSBEKPRGMC M TCP AMLRPG@SRGMLQ DPMK RFC BG
PCNPCQCLR?RGMLQ s MD RFC KMJCASJ?P QWKKCRPW EPMSN ?L CVNPCQQGML C
BCAMKNMQGRGML MD RFC @MLB CLCPEW GLRM RCPKQ DPMK RFC BGDDCPCLR Q\

€DGL?2J
B&Imry {& rm B€€ = |

(S €GLGRG?J

5FC GLRCEP?J MD RFC '"MAI MNCP?RMP MTCP RFC AF?PEC BCLQGRW GQ LMU ?NN
D?AR ? 4AGKNQML GLRCEP?RGML

€DGL?J
m B€ '<€= p&LGRG?J % CP?EC " L2
€GLGRG?J

€T17CcP?EC €LGRG?JEGL?J

5FC RCPK UGRF RFC '"MAI MNCP?RMP BSC RM RFC ?TCP?ECtAnsitiéhEC BCLQGRW F?!
state 5M ?TMGB AMLDSQGML UC UGJJ MDR@dPCDCP RM GR ?Q RM RFC RP?LQGRG

5FC ?NNPMVGK?RC GLRCEP?J GLTMJTCQ RUM CPPMPQ 5FC DGPQR P?RFC
CV?AR GLRCEP?J GL @W RFC UCGEFRCB QSK GL &VACNR GL N?RFMJ
FGEFJW ?AASP?RC

5FC QCAMLB CPPMP AMKCQ DPMK RFC D?AR RF?R RFC $MSIJMK@ ?LB 9% NMRCLR!
AMKNSRCB mPBMKRGERW 5FGQ GQ MLJW ?L ?NNPMVGK?RGML RM RFC RPSC BCLQ(
CLCPEW CVNPCQQGML CLCPEW BSC RM RFC DGL?J BCLQGRW KGLSQ CLCPEW BS
MAASP ?bBCRAE?PEC BCLQGRW A?L @C SQCB "Q KCLRGMLCB @CDMPC RFCQC D¢
QK?JJ 'MP RFC 9% NMRCLRG?J RFC RPSC BCLQGRWEXACTI@RSISQCB GD MLC GLAJS

"JJ QSAF CPPMPQ GL RFC RMR?J @MLBGLE CLCPEW ?PC C?QGJW AMPPCARCB @V
RFC AMPPCAR T?JSC DMP RFC RMR?J @MLBGLE GLRCP?ARGML RCPK 5FC BGDDC
CLCPEW QM LM RPSC CPPMP PCK?GLQ 8C MLJW F?TC ? AMPPCARGML RCPK RF
RFC BGQRGLAR QWKKCRPW PCNPCQCLR?RGMLQ *L RFC NPGLRCB @MLB CLCPEW
BGQRPG@SRCB MTCP RFC MRFCP RCPKQ @W QA?JGLE RFC MRFCP RCPKQ QSAF

1.3 Running the program

Execution of ADF

8FCL "%' F?7Q @CCL GLQR?JJCB WMS A?L PSL GR @W QSNNJWGLE ?NNPMNPG?RC
JMA?RCB GL "%'#*/ 5FGQ QAPGNR QCRQ SN QMKC CLTGPMLKCLR T?PG?@JCQ *?
QNCAG?J LCCBQ RM @C BMLC 'MP CV?KNJC GD RFC #"4*4 ICW GQ SQCB RFC ?BI
RM K?IC RFC ?NNPMNPG?RC DP?EKCLR DGJCQ :MS A?L SQC RFGQ PSL QAPGNR ¢
RFC NPMEP?K 'MP MRFCP NPMEP?KQ GL RFC N?AI?EC RFCPC ?PC QGKGJ?P PSL

3SLLGLE RFC NPMEP?K SQGLE RFC PSL QAPGNR GLTMJTCQ RFC DMJIMUGLE QRC

g SMLQRPSAR ?L "4%$** GLNSR DGJC Q?W GL

g 3SL RFC NPMEP?K @W RWNGLE SLBCP 6/*9
$ADFBIN/adf {-n nproc} <in >out
5FC N?PR @CRUCCL ASPIJW @P?AICRQ GQ MNRGML?J QM RFC QFMPRCQR
$ADFBIN/adf <in >out



/IMRC RF?R RFC PSL DGJCQ GL RFC "%')0.& CV?KNJCQ BGPCARMPW ?PC 6/
UGRF
run >out

g .MTC AMNW PCJCT?LR PCQSJR DGJCQ GL N?PRGASJ?P 5"1& RM RFC BC
RFCK
?LB EGTC RFCK ?NNPMNPG?RC L?KCQ

g *LONCAR RFC QR?LB?PB MSRNSR DGJC MSR RM TCPGDW RF?R ?JJ F?Q EML

%SPGLE RFC PSL WMS K?W GLQNCAR RFC JMEDGJC RM QCC FMU D?P RFC NPME|
QFMSJB GLRCPPSNR RFC A?JASJ?RGML

*L RFC ?@MTC QAFCKC ?BD GQ RFC L?KC MD RFC PSL QAPGNR RF?R GLTMICQ RF
RFC GLQR?JJ?RGML RFC QAPGNR F?Q @CCL NSR GL RFC Q?KC BGPCARMPW UFCHF
"%'#*/ MS K?W F?TC KMTCB GR RM ?LMRFCP NJ?AC MP PCL?KCB GR 8C PCAMK
1"5) T?PG?@JC QM RF?R WMS A?L MKGR "% '#*) DPMK RFC CVCASRGML AMKK?LB

5M PSL ?LMRFCP NPMEP?K DPMK RFC "%' QSGRC HSQR SQC RFC ?NNPMNPG?RC

5FC GLNSR DMP RFC NPMEP?K GQ PC?B DPMK QR?LB?PB GLNSR ?LB MSRNSR GQ
RFC CV?KNJC ?@MTC RM GL ?LB MSR PCQNCARGTCJW

5FC N?PR @CRUCCL QOS?PC @P?AICRQ GQ MNRGML?J ?LB GQ MLJW KC?LGLEDS.
DJ?E QNCAGDGCQ RFC LSK@CP MD N?P?JJCJ NPMACQQRCQ LNPMA RM SQC *D M
T?JSC MD RFC CLTGPMLKCLR T?PG?@JC /4%$. GD QSAF T?PG?@JC CVGQR MRFC
N?P?KCRCPQ GL RFC "%')0.& QCRRGLEQ DGJC QCC RFC *LQR?JJ?RGML .?LS?J

5FC NPMEP?K PSL QAPGNRQ F?TC GL D?AR KMPC DJ?EQ ?LB ?PESKCLRQ DMP C
RWNGLE

$ADFBIN/adf -h

Parallel execution

*D ? N?P?JJCJ TCPQGML MD "%' F?Q @CCL GLQR?JJCB WMS QFMSJB @C ?U?PC M
GL N?P?JJCJ 1?PRG?JJW RFGQ BCNCLBQ ML RFC NJ?RDMPK ?LB ML RFC GLQR?J

'"GPQR MD ?2JJ WMS K?W QNCAGDW @W AMKK?LB JGLC MNRGMLQ GL RFC PSL QA
CLTGPMLKCLR T?PG?@JCQ CVNJGAGRJW FMU K?LW N?P?JJCJ NPMACQQCQ ?PC |
RF?R KMQR MD RFC DGJCQ RF?R WMS UMSJB F?TC GL ? QGLEJC LMBC PSL ?PC G
N?P?2JJCJ NPMACQQCQ 4MKC N?PRQ MD RFC DGJC K?W @C GBCLRGA?J ?APMQQ
?LB UMSJB MLJW ?DRCP ? PCAMK@GL?RGML WGCJB RFC B?R? MD RFC AMPPCQNN
DGJCQ QR?LB?PB MSRNSR RFC JMEDGJC ?LB RFC @GL?PW PCQSJR DGJC 5"1&

JMU RM QCR SN ? N?P?JJCJ A?JASJ?RGML A?L @C DMSLB GL RFC *LQR?JJ?RGML

Files

5FC "%' NPMEP?K K?W ECLCP?RC QCTCP?J MSRNSR PCQSJR DGJCQ ?JMLE UGR
GKNMPR?LR MLC GQ 5"1& R DGJC RFC ECLCP?J PCQSJR DGJC 5"1& AMLR~
MSRAMKC MD RFC A?JASJ?RGML :MS K?W U?LR RM QRMPC RFGQ DGJC QMKCUFC
SQ?EC 5FC KC?LGLE MD ?LW MRFCP DGJCQ RF?R ?PC NPMBSACB ?PC CVNJ?GLC



"LW DGJCQ NPMBSACB @W RFC NPMEP?K ?PC ECLCP?RCB GL RFC JMA?J UMPIGL
*D WMS U?LR RM ICCN RFCK K?IC QSPC RM KMTC RFCK ?DRCP RFC A?JASJ?RGM|
QRMPC RFCK

'GJCQ ?RR?AFCB RM RFC HM@ QSAF ?Q DP?EKCLR DGJCQ ?PC @W BCD?SJR ?JC
:MS KSQR R?IC A?PC RM KMTC MP AMNW PCOSGPCB DGJCQ RM RF?R BGPCARMPW
NPMTGBC TG? GLNSR ?BCOS?RC GLDMPK?RGML RM RFC NPMEP?K UFCPC RM DGL
? AMKNJCRC N?RF RM RFC DGJC

.MQR DGJCQ RF?R ?PC ECLCP?RCB @W RFC NPMEP?K GL N?PRGASJ?P RFC QR?L
DP?EKCLR DGJC GL MR biad®y AGASQ?REVELPPWOGIC QFMSJIB SQS?JJW LMR @C K
K?AFGLC RM ?LMRFCP G C GR K?W LMR @C PC?B?@JC @W ?LMRFCP K?AFGLC R
SLJCQQ RFC RUM K?AFGLCQ ?PC MD RFC Q?KC RWNC O5FC "%' N?AI?EC NPMTGBC
PCQSJR DGJCQ DPMK @GL?PW RM "4$** ?LB TGAC TCPQ? QM RF?R WMS BML R F
UFCL EMGLE RM ?LMRFCP K?AFGLC 4CC RFC SRGJGRGCQ BMASKCLR

TAPEZ21 and logfile

5UM MD RFC DGJCQ RF?R ?PC NPMBSACB @W "%' BCQCPTC QNCAG?J ?RRCLRGML
5"18& R DGJCQ *R GQ ? @GL?PW DGJC RF?R AMLR?GLQ ? JMR MD GLDMPK?R
CJCARPML MP@GR?JQ CVNPCQQCB GL RFC @?QGQ DSLARGMLQ *R A?L @C SQCB
A?JASJ?RGMLQ ?JRFMSEF MLJ\VesGitttd A?DEICOROMMIR GRGI@C SQCB ?2Q DP?EKCLR
-GIC ?JJ DGJCQ NPMBSACB @W RFC NPMEP?K GR GQ ECLCP?RCB GL RFC BGPCA
A?JASJ?RGML WMS UGJJ SQS?JJW QRMPC 5"1& QMKCUFCPC SLBCP ? QSGR?@J
?Q ? DP?EKCLR DGJC DMP ? PCQR?PR RM DCCB GR RM ?L ?L?JWQGQ NPMEP?K

5FC QCAMLB GQ ?L "4$** JME DGJC A?JJCB JMEDGJC *R ?AASKSJ?RCQ KCQQ?EC
RFC PSL :MS A?L GLQNCAR GR BSPGLE RFC A?JASJ?RGML RM AFCAI FMU D?P RF
RFCPC ?PC GKNMPR?LR U?PLGLEQ ?LB QM ML "R RFC CLB MD RFC PSL RFGQ DG
QR?LB?PB MSRNSR DGJC

Standard output

"%' GQ ? NPMEP?K RF?R JCLBQ GRQCJD N?PRGASJ?PJW UCJJ DMP AFCKGA?J ?L?
DP?EKCLR @?QCB ?NNPM?AF UFCPC NPMNCPRGCQ MD RFC KMJCASJC ?PC PCJ?F
DP?EKCLRQ UFGAF GQ NPCAGQCJIJW FMU RFC AFCKGQR RFGLIQ .MJCASJ?P OP@ ¢
CVRCLQGTCJW ?Q FMU RFCW ?PC AMKNMQCB DPMK MAASNGCB ?LB TGPRS?J DP?
J?PEC ?KMSLR MD MSRNSR &TCL AMKNSR?RGMLQ ML QK?JJ KMJCASJCQ K?W NP|
MSRNSR 5FGQ GQ LMR LCACQQ?PGJIJW QM @CA?SQC WMS A?L PCESJ?RC RFC NPI
QMKC |GdeBuUM®PMBSARGML MD MSRNSR F?B RM @C GKNJCKCLRCB 5FC DGCJB MD
BGTCPQC RF?R GR GQ F?PB RM Q?RGQDW CTCPW@MBW ?Q PCE?PBQ RFGQ BCD?
NSPNMQCQ RFC ?SRMK?RGA QCRRGLEQ UFGAF BCRCPKGLC FMU KSAF MSRNSR
AMLRP?PW K?W WGCJB @MPGLEJW K?LW LSK@CPQ RF?R WMS HSQR QIGN RFPM!
GLRCPCQRCB GL MP GR K?W @C UGBCJW GLQSDDGAGCLR 5FCPCDMPC R?IC LM

"@MTC ?JJ FMUCTCP ECR D?KGJG?P UGRF RFC ?2L?JWQGQ RMMJQ RF?R ?BD NPM
RM GLRCPNPCR WMSP PCQSJRQ *L ? J?RCP AF?NRCP ? EIM@?J BCQAPGNRGML N\
5FC AF?NRCP @CJMU EGTCQ ?L GLRPMBSARGML GL QMKC MD RFC CQQCLRG?J D(
BGDDCPCLR DPMK UF?R WMS ?PC SQCB RM GL MRFCP 2S?LRSK $FCKGQRPW AMB



File names during parallel runs

5FC ?BD NPMACQ MD ? IGB LMPK?JJW PSLQ GL ? QCN?P?RC BGPCARMPW

4R?LB?PB MSRNSR GQ ? QNCAG?J RFC N?PCLR UPGRCQ GRQKMPK?J NPGLR N
C?AF UPGRC RM ? DGJC ,GBOSRNSR



2 INPUT

2.1 Introduction

8C UGJJ QR?PR LMU UGRF ? BGQASQQGML MD RFC GLNSR DGJC DMP "%' 'GPQR
CVRCLQGTC JGQR MD ?JJ GLNSR MNRGMLQ GQ BCQAPG@CB

Minimal input

.MQR ICWQ GL RFC GLNSR DGJC DMP "%"' ?PC MNRGML?J %CD?SJR T?JSCQ ?NNJ'
BCD?SJRQ ?PC QCLQG@JC QFMPR GLNSR DGJCQ A?L MDRCL @C SQCB 8C UGJJ
PCOSGPCB RM PSL "%' )?TGLE PC?B RF?R N?PR WMS A?L QR?PR RM BM A?JASJ"

5FC DMJJMUGLE GLNSR UGJJ PSL ? ECMKCRPW MNRGKGX?RGML ML U?RCP SQGL

ATOMS
0000
H110
H-110

End

Basis
End

Geometry
End

5FGQ GQ RFC GLNSR DMP RFC "%' NPMEP?K :MS LCCB RM QRMPC GR GL ? DGJC

'MP CV?KNJC ?QQSKC WMS F?TC QRMPCB RFC ?@MTC GLNSR GL ? DGJC GL "JQI
GQ GL WMSP 1"5) 5FCL WMS PSL "%' SQGLE RFC DMJIJMUGLE AMKK?LB

adf <in >out

"%' UGJJ PSL ?LB RFC PCQSJRGLE MSRNSR UGJJ @C QRMPCB GL RFC DGJC MSR
UGJJ DGLB RF?R "%' F?Q ?ARS?JJW PSL RFPCC RGKCQ RUM APC?RC PSLQ ?LB |
DP?EKCLR DGJCQ NPMBSACB @W RFC APC?RC PSLQ ?PC Q?TCB GL R ) ?LB R
PCQNCARGTCJW

2.2 Structure of the input

.SAF MD RFC ECLCP?J PCK?PIQ ?@MSR GLNSR DMP "%"' ?NNJW ?2JQM RM PCJ?RCB
RFC "%' 1PMNCPRGCQ ?LB "L?IJWQGQ BMASKCLRQ DMP BCR?GJQ ?LB ?LW BGDDC|

Delimiters

"L GLNSR PCAMPB K?W AMLR?GL QCTCP?J GRCKQ 5FC ECLCP?J PSJC GQ RF?R C
LMR AMLR?GL ? BCIJGKGRCP GQ ?L CLRGRW ®%CJGKGRCPQ GL RFGQ AMLRCVR ?P
AMKK? ?LB RFC COS?J QGEL

*R GQ ?QQSKCB RFPMSEFMSR RF?R MLJW AF?P?ARCPQ MD RFC '"MPRP?L AF?P?AF



%0 /05 64& 5"#4 */ 5)& */165 '*-& 5FC NPRIEC?RKFKKW?Q BCIJGKGRCPQ ?LB RFC CDD
F?PB RM NPCBGAR

Uppercase and lowercase

7GPRS?JJW ?JJ GLNSR GRCKQ ?PC A?QC GLQCLQGRGTC @SR R?IC LMRGAC MD F
BGPCARMPGCQ ?PC A?QC QCLQGRGTC

Keywords

*LNSR DMP "%' GQ QRPSARSPCB @W ICWUMPBQ GL QFMPR ICWQ " ICW GQ ? QR
? BCIGKGRCP @J?LI AMKK? MP COS?J QGEL ,CWQ ?PC LMR A?QC QCLQGRGTC
AMLBGRIGMICAMKCQ RPSC Mdnds$biR GIGT PCOLAMWMRPB. RCPCB UFGAéMETCP AMKCQ DGPC
input GQ LMR ? ICW

,CW AMLRPMJJCB GLNSR MAASPQ UGRF RUM DMPK?RQ *L RFC DGPQR WMS F?TC
ICW ?LB BCNCLBGLE ML RFC A?QC ap@emMAG?RCB B?R? RFC ICW

KEY argument
5FC UFMJC N?PR MD RFC JGLC RF?R DMJIJMUQ ?DRCP RFC ICW GQ RFC ?PESKCLF

5FC ?JRCPL?RGTC DMPK?R GQ ? QCOSCLAC MD B&AMPBRDABFMQRCRESN E BW B CRIMF
@JMAI EGTCQ RFC ICW UFGAF K?W F?TC ?L ?PESKCLR 5FC @JMAI GQ AJMQCB

UMPB CLB 5FC MRFCP PCAMPBQ GlataRlbck @ 1R AN PAMIIGERGBERKPRRPRGML PCJ?RCB

ICW

KEY {argument}
data record
data record
...(etc.)...

end
*L RFGQ K?LS?J UFCL GRCKQ ?PC MNRGML?J QSAF ?Q RFC ?PESKCLR GL RFC Q
CLAJMQCB GL ASPJW @P?AICRQ Y[ 5FC Y ?LB [ AF?P?ARCPQ RFCKQCJTCQ ?PC L

CIJGEG@JC T?JSCQ ?PC QCN?P?RCB @W ? @?P Z 5FC ICWUMPHBIQ ?PC SQS?JJW
small capitals

4RPSARSPCQ JGIC ICW T?JSC QFMSJB @C PC?B ?Q RWNC ICW ?Q QSAF DMJ.

#IJMAl RWNC ICWQ K?W F?TC QS@ICWQ GL RFCGP B?R? @JMAI 5FC QS@ICWQ K?
ICWQ 5FC B?R? @JMAIQ MD @JMAI RWNC QS@ICWQ FMUCTCP BM LMR CLB UGR

KEY {argument}
data
data
subkey {argument}
subkey data
subkey data

subend
data




data

end
-?WMSR DC?RSPCQ QSAF ?Q ?L MNCL JGLC GLBCLR?RGML MP RFC LSK@CP MD (¢
QGELGDGA?LR

5FC DMPK?R RM @C SQCB DMP ? ICW GQ LMR MNRGML?J C?AF ?BKGQQG@JC ICW
? ECLCP?J PSJC RFC @JMAI ICWQ AMLRPMJ JGQRQ MD B?R? QSAF ?Q ?RMKGA N

"DCU QNCAG?J ICWQ A?L F?TC CGRFCP DMPK?R 'MP QSAF ICWQ RFC DMPK?R ?£
NPCQCLAC MD RFC ?PESKCLR RFC @JMAI RWNC ?NNJGCQ GL ?@QCLAC MD RFC
UFCL ?L ?PESKCLR GQ NPCQCLR RF?R CLBQ UGRF ? AMLRGLS?RGML QWK@MJ 5F
?KNCPQ?LB MP ?JRCPL?RGTCJW RUM AMLRGESMSQ NJSQ AF?P?ARCPQ NPCA

KEY {argument} &
data
data

end

5FC T?PGMSQ RWNCQ MD ICWQ ?P GifipD C ABIZEB IRMW @ QBB ARGEQCIW ?Q

"AMLQGBCP?@JC LSK@CP MD ICWQ A?L @C SQCB RM QNCAGDW RFC ECMKCRPW
'SLARGML?J RFC NPCAGQGML MD RFC A?JASJ?RGML ?LB QM ML 5FC MPBCP GL
GKK?RCPG?J CVACNR RF?R ? DCU QNCAG?J ICWQ BCRCPKGLC FMU GLNSR B?R?
DMP ?RMKGA AM M RrBe@ptetaldd ReyssKEQR @ C SQCB @CDMPC RFC NCPR?GLGLE B?R? G
5FGQ UGJJ @C KCLRGMLCB CVNJGAGRJW ?E?GL UFCPC RFCW ?PC BGQASQQCB

5FC GRCKQ RF?R A?L @C ?BBPCQQCB UGRF ICWQ ?LB RFC ICWQ RFCKQCJTCQ ?P

Irrelevant keys, misspelling of keys

ANCAGDGA?RGML MD ? ICW RF?R GQ LMR PCJCT?LR GL RFC A?JASJ?RGML UGJJ E
QSAF RF?R GR GQ LMR PCAMELGXCB RFC GLAMPPCARJW J?@CJCB GLNSR B?R? |
?Q GD RFC GLRCLBCB ICW F?B LMR MAASPPCB 5FGQ PCQSJRQ GL RFC ?NNJGA?F
CPPMP ?@MPR BCNCLBGLE ML RFC A?QC 5FCPCDMPC UFCLCTCP RFC MSRNSR (
GELMPCB AFCAI RFC QNCJJGLE

In this context we stress again: be alert on TAB characters: don't use them at all.

"%' K?W PCAMELGXC ? ICW GD GR GQ QNCJJCB GLAMKNJCRCJW RF?R GQ GD ML
GD PCBSLB?”LR AF?P?ARCPQ ?PC RWNCB ?DRCP RFC CLB MD RFC ICW 5FC PC?Ql
RFC RPSC ICWL?KC GQ AFCAICB ?E?GLQR RFC GLNSR GRCKQ %ML R PCJW ML RF
?LB GR K?W ECR BGQ?@JCB GL ? LCVR PCJC?QC UGRFMSR DSPRFCP LMRGAC

8C ?BTGQC RFCPCDMPC RM QRGAI RM RFC AMPPCAR ICW L?KCQ *L N?PRGASJ?P
?@@PCTG?RCB MP CIMLE?RCB DMPKQ UFCL ? ICW MAASPQ KMPC RF?L MLAC GL
U?LR RM GLBGA?RC BGQRGLAR ICWQ ?LB GR UGJJ ?QQMAG?RC MLJW MLC MD RF

Interpretation of Input

"%' F?Q RUM QNCAG?J ICWQ RF?R PCESJ?RC RFC QNCAGDGA?RGML ?LB GLRCPNF
ICWQ ?LB PCJ?RCB ?QNCARQ ?PC AMLTCLGCLR DMP RFC DMPK?RRGLE MD GLNS



5FC NMQGRGML MD RFC GLRCPNPCR?RGML ICWQ GL RFC GLNSR DGJC GQ QGELG
KGQSLBCPQR?LBGLEQ @CDMPC QSNNJWGLE ?LW LSKCPGA?J B?R? QNCAGDW D(
@CJMU

Units of length and angle

(CMKCRPGA JCLERFQ ?LB ?LEJCQ ?PC GL SLGRQ BCDGLCB @W

UNITS

length Angstrom / Bohr
angle Degree / Radian
end

"LEQRPMK ?LB #MFP PCQNCARGTCJW %CEPCC ?LB 3?BG?L ?PC PCAMELGXCB QF
MNRGML?J ?Q GQ RFC ICW 6/*54 GRQCJD %CD?SJRQ "LEQRPMK DMP JCLERFQ

5FC NMQGRGML MD RFC ICW 6/*54 GL GLNSR GQ QGELGDGA?LR ?Q PCE?PBQ RFC
N?P?EP?NF ML AMLQR?LRQ ?LB DSLARGMLQ @CJMU *L MRFCP PCQNCARQ GRQ I
MLC QFMSJB NJ?AC SLGRQ ?Q C?PJW ?Q NMQQG@JC GL GLNSR GD ?R ?JJ

Expressions

"%' QSNNMPRQ RFC S @®resdn® RuGcRdaK CR.@Astants RM PCNPCQCLR LSKCPGA?J B?R? 5
A?L @C AMLTCLGCLR DMP RFC GLNSR MD DMP GLQR?LAC ?RMKGA NMQGRGMLQ
PCNPCQCLRCB GL RCPKQ MD QGL CR ACRCP? 6QGLE CVNPCQQGMLQ ?L
RCBGMSQ RWNGLE MD JMLE BCAGK?J CVN?LQGMLQ ?LB QMJTCQ RFC OSCQRGML
QSNNJGCB

5FC QR?LB?PB ?PGRFKCRGA MNCP?LBQ GL '"MPRP?L A?L @C ?NNJGCB G
N?PCLRFCQCQ UFCPC QSGR?@JC

#J?2L1IQ ?PC ?2JJMUCB ?LB GELMPCB @SR RFCW ?PC GLRCPNPCRCB ?7Q QCN?P?RM
CVNPCQQGML UFCLCTCP RFC N?PR SLRGJ RFC @J?LI A?L @C CT?JS?RCB ?7Q ? A
UGJJ @C GLRCPNPCRCB ?Q @SR UGJJ @C GLRCPNPCRCB ?Q DMJIJMUCB |
LSK@CP

"JJ LSK@CPQ ?LB PCQSJRQ ?PC GLRCPNPCRCB ?LB F?LBJCB ?Q @CGLE MD RWNC
LSK@CP ?JIJMUGLE DMP TCPW QK?JJ PMSLB MDD GR UGJJ @C PCAMELGXCB ?LB
GQ PCOSGPCB

Constants and functions

5FC SQCP K?Wng8abt® GLRinctons GL RFC GLNSR DGJC ?LB ?NNJW RFCK QS@QCOSCLR
5FC GLNSR DGJC GQ P (Cortapt€ ahd furncioGsmdusite 2efided before they can be used

5FC ?PESKCLR JGQR MD ? DSLARGML KSQR @C CLAJMQCB GL N?PCLRFCQCQ ?LB
QCN?P?RCB @W AMKK?Q

5FC DMJIJMUGLE DSLARGMLQ ?PC NPCBCDGLCB GL ?BD ?LB A?L @C SQCB BGPCAI

QGL AMQ R?L ?2QGL ?AMQ ?R?L CVN JME QOPR LGLR &?AF MD RFCK F?Q M|
JME?PGRFRK @°?QC



/IM AMLQR?LRQ ?PC NPCBCDGLCB

5FC ?LESJ?P ?PESKCLR RM RFC RPGEMLMKCRPGA DSLARGMLQ AMQ QGL R?L GQ
provided the unit has been set before it is applied 'MP RFC PCQSJR MD RFC GLTCPQC RPGEMLMKCR
Q?KC FMJBQ

$MLQR?LRQ ?LB DSLARGMLQ A?L @C BCDGLCB UGRF RFC @JMAI ICW %&'*/&

DEFINE
angle=54
ab = sin(angle/3)
s13 = 14*sqrt(2)
func(x,y,z) = x*ab+y**2-y*z
end

5FC AMLQR?LRQ ?LEJC ?@ ?LB Q ?PC BCDGLCB RMECRFCP UGRF ? DSLARGML
QGL ?LB QOPR 5FCQC A?L RFCL @C ?NNJGCB RM ?QQGEL T?JSCQ CJQCUFCPC G

*L RFC CV?KNJC ?@MTC RFC AMLQR?LR ?LEJC GQ SQCB GL RFC BCDGLGRGML M
RFCQC AMLQRPSARGMLQ ?PC ?2JJMUCB @CA?SQC ?LEJC GQ BCDGLCB @CDMPC ?(

5FC PCNJ?ACKCLR MD AMLQR?LRQ DSLARGMLQ ?LB MRFCP CVNPCQQGMLQ @W
GLAPC?R@IRMD RFC GLNSR PCAMPB GL N?PRGASJ?P UFCL PC?J T?JSCQ ?PC @C
RFC QR?LB?PB DMPK?R & 5?1C A?PC RF?R RFC PCQSJRGLE PCAMPB BMCQ LN
NPMEP?K UGJJ ?@MPR MP K?W PSL GLRM ?L CPPMP GD RFGQ GQ TGMJ?RCB

5FC GLNSR PC?BGLE PMSRGLC ?NNJGCQ RFC AMLQR?LRQ ?LB DSLARGMLQ UFCP(
SLU?LRCB PCNJ?ACKCLRQ GL RFC GLNSR DGJC WMS QFMSJB ?TMGB TCPW QFMPI

8?PLGLE CV?KNJC

DEFINE
A=3.18
C=4.12
end
atoms
C 0.00 1.05 -3.22

5FC NPMEP?K UGJJ ?NNJW RFC BCDGLGRGML MD RFC T?PG?@JC $ ?LB PC?B

DEFINE
A=3.18
C=4.12
end
atoms
4,12 0.00 1.05 -3.22

Avoid single-character identifiers!



Strings

2SMRCQ A?L @C SQCB RM BCQGEL?RC QRPGLEQ G C N?PRQ MD PCAMPBQ UFG
@SR UFGAF QFMSJB @C R?ICL ?Q RFCW ?PC 5FC OSMRCQ RFCKQCJTCQ ?PC GEL
AMLQCASRGTC OSMRCQ GLQGBC ? QRPGLE ?PC GLRCPNPCRCB RM BCLMRC RFC
QRPGLE

Where does parsing apply?

3CNJ?AGLE NPC BCDGLCB T?PG?@JCQ ?LB CVNPCQQGMLQ @W RFCGP T?JSC GQ
B?R? 'MP CV?KNJC ?RMKQ BCDGC NNIGRKE RMUICTWAP RERRGA?PPW CIJCARPMLGA
LSK@CPQ

IMRC RF?R UFCL N?PQGLE ?NNJGCQ RM ? EGTCL ICW RFC UFMJC PCAMPB MD REF(
@JMAI ?PC N?PQCB 5FC N?PQGLE RFCL ?NNJGCQ RM ?JJ GRCKQ CTCL RFMQC R
KC?LGLE DMP GLQR?LAC RFC ?RMK RWNC L?KCQ GL RFC ?RMKQ B?R? @JMAI ?P
LMR @C BCDGLCB ?Q GBCLRGDGCPQ UGRF ? LSKCPGA?J T?JSC

Constants vs. geometric parameters

/IMRC A?PCDSJJW RFC BGDDCPCLAC @CRUCCL AMLQR?LRQ BCDGLCB UGRF BCDG
AMMPBGL?RCQ GL RFC B?R? @JMAIQ MD ?RMKQ ?LB ECMT?P $MLQR?LRQ BCDGL
?LB CV?ARJW COSGT?JCLR RM ACPR?GL LSKCPGA?J T?JSCQ UFCPC?Q RFC AMM
QSAF ?Q RFC BGQRGLARGML @CRUCCL DP Moxksiants? 2 B DMMNRGM GXaRERFNLGAMMB RB G L ? F
RFCGP BCDGLGRGML ?LB RFC JMA?RGML MD RFCGP BGde@ilieRMMW GL RFC GLNSR
PCJ?RC RM RFC B?R? @JMAIQ MD ?RMKQ ?LB ECMT?P PCQNCARGTCJW ?LB RFC P
?LB ECMT?P MAASP GQ GPPCJCT?LR

Link-in Input files

1?PR MD RFC GLNSR DGJC A?L @C NSR GLRM ? QCN?P?RC "4$** DGJC UFGAF A?
QRPC?K

| INLINE inlinefile

GLJGLCDGJC KSQR @C RFC L?KC MD RFC ?SVGJG?PW "4%$** DGJC GLAJSBGLE GR
BGPCARMPW 8FCL GLJGLC GQ CLAMSLRCPCB GL RFC GLNSR DGJC ?BD MNCLQ
DPMK RF?R DGJC ?Q GD GR UCPC GL JGLC CVN?LBCB GLRM RFC GLNSR DGJC 8F
PCQSKCQ DPMK RFC MPGEGL?J DGJC

5FC AMLRCLRQ MD RhaG GLB GIECRAFFGCCBKEQRSR SLIJCQQ WMS UGQF RM RCPKGL?RC
RF?R NMGLR

*L-GLC K?W MAASP ?LW LSK@CP MD RGKCQ GL RFC GLNSR DGJC 6QC MD GLJGL(
RFC ICW */-*/& K?W @C SQCB GL RFC GLJGLCDGJC GL RFC Q?KC D?QFGML ?Q GL

5FC GLJGLC DC?RSPC K?ICQ GR C?QW RM N?Al WMSP NPCDCPPCB QCRRGLEQ RF
BCD?SJRQ GL MLC DGJC ?LB SQC RFCK GL CTCPW PSL UGRF ? KGLGKSK MD GLNSE&
MSRNSR AMLRPMJ NPGLR QCRRGLEQ ?LB NPCAGQGML N?P?KCRCPQ

/IMRC WM& 3QL GLJGLC RM QRMPC N?P?JJCJ QCRRGLEQ LMR CTCL @W SQGLE G
?LB NJ?AGLE RFC N?P?JJCJ ICWUMPB ML RFC DGPQR JGLC MD RFC GLJGLCDGJC



GR GLRM RFC GLNSRDGJC RFC NPMEP?K F?Q ?JPC?BW BCRCARCB RF?R RFC DGl
QCRRGLEQ

Title and Comment

| TITLE Title

5GRJC K?W @C ?LW QRPGLE 5FC NPMEP?K AMK@GLCQ GR RF?R GQ RFC DGPQF
?LB RGKC MD RFC H M @b RevtifitationQ RFPC AIM @ FEGBCLRGDGA?RGML GQ SQCB RM QR?KN
ML PCQSJR DGJCQ UFGAF UGJJ @C PC?B ?LB NPGLRCB GD QSAF ? DGJC GQ SQC

5FC HM@ GBCLRGDGA?RGML UGJJ ?2JQM @C CAFMCB GL RFC MSRNSR FC?BCP RM
?LB RGKC ?PC AMK@GLCB UGRF ? BSKKW QRPGLE *L $PC?RC KMBC RFC RGRJC (
QSNNJGCQ RFC @?QGQ DSLARGMLQ CRA ?LB A?L RFCL @C MTCPUPGRRCL TG? G|

IMRC RF?R AMLRP?PW RM QMKC ndtRFUE RF W EP@KQR THINSRI PCAMPB ?Q ? RGRJC
RGRJC ?Q R F Gnvib@Ps@iRndtieAdd®@Bwith the keyword RGRJC K?W NPMBSAC TCPW QRP?LEC F
"%' UGJJ RPW RM GLRCPNPCR RFC DGPQR UMPB ML RF?R JGLC ?Q ? ICWUMPB N

:MS A?L NSR KMPC PCK?PIQ GL RFC GLNSR DGJC RM @C CAFMCB GL RFC QR?LB?
N?PR MD RFC HM@ GBCLRGDGA?RGML

COMMENT
text

end

5FC RCVR PCAMPBQ ?PC AMNGCB RM RFC MSRNSR FC?BCP BGPCARJW ?DRCP RF
N?PQCB ?LB AMLQR?LRQ MP DSLARGMLQ ?PC LMR PCNJ?ACB GR GQ ? QRP?GEFF

5FC ICW $0..&/5 K?W MAASP ?LW LSK@CP MD RGKCQ ?JJ RCVR @JMAIQ ?PC NPG
@J?LlI JGLC @CRUCCL ?LW RUM RCVR @JMAIQ

Layout of input

&KNRW PCAMPBQ ?LB JC?BGLE @J?LIQ GL PCAMPBQ ?PC ?JJMUCB ?LB GELMPCB
?LB PC?B?@GJGRW MD RFC GLNSR DGJC DMP FSK?L PC?BCPQ

"L CVAJ?K?RGML K?PI GQ GLRCPNPCRCB @W RFC GLNSR PC?BGLE PMSRGLC ?
CVAJ?K?RGML K?PlI WMS K?W ?2JQM SQC ? BMS@JC AMJIML 5FC N?PR MD RFC
BMS@JC AMJML GLAJSBGLE RFC MP GRQCJD GQ GELMPCB *L RFGQ U?W
PCK?PIQ UFGAF UGJJ LMR @C CAFMCB GL RFC MSRNSR FC?BCP AMKN?PC RFC |

2.3 Coordinates, basis sets, fragments

Atomic coordinates

5FC GLNSR MD GLGRG?J ?RMKGA NMQGRGMLQ ?Q $?PRCQG?L AMMPBGL?RCQ F7
GLNSR CV?KNJC GL $F?NRCP "JRCPL?RGTCJW RFCW K?W @C EGTCL GL X K?R

ATOMS {Cartesian / Zmatrix /| MOPAC}
{N} Atom Coords {F=Fragment}



End
Cartesian or Zmatrix or MOPAC

ANCAGDGCQ RFC RWNC MD AMMPBGL?RCQ %CD?SJR LM QNCAGDGA?RGML G
RWNC GLRCPL?J

.01"$ GQ ? QNCAG?J T?PGCRW RFC QS@QCOSCLR PCAMPBQ GL RFC B?R? @JM
DMP RFC ?RMKGA QWQRCK QCC CV?KNJC @CJMU

5FGQ GQ ?L MNRGML?J GLRCECP @W UFGAF WMS K?W LSK@CP RFC ?RMKQ 5F
GD ?LW PCDCPCLAC GQ K?BC RM RFCK GL MRFCP N?PRQ MD GLNSR 5FC PC?Q
LSK@CPQ RFC ?RMKQ GLRCPL?JJW ?AAMPBGLE RM RFCGP MAASPPCLAC GL RF
LSK@CPGLE UFCL ?LW QS@QCOSCLR PCDCPCLACQ ?PC GLRCPNPCRCB

Atom

5FC L?KC Mdnt9pe *R KSQR @CEGL UGRF RFC QR?LB?PB MLC MP RUM AF?P?AR!
AFCKGA?J CJCKCLR ) )C -G ?LB QM ML ONRGML?JJW GR K?W @C ?NNCLBCB
LMR AMLR?GLGLE BCJGKGRCPQ &V?KNJCQ ) .L $S BX LCU

%SKKW ?RMKQ K?W @C SQCDSJ GL RFC AMLQRPSARGML MD ? ; K?RPGV DMP C
AMMPBGL?RCQ RF?R PCDJCAR RFC QWKKCRPW MD RFC KMJCASJC @CRRCP 5F
?TMGB ?L GJJ BCDGLCB BGFCBP?J ?LEJC UFGAF MAASPQ UFCL RFPCC ?2JKMQ
RUM NJ?LCQ RF?R BCDGLC RFC ?LEJC *L ECMKCRPW MNRGKGX?RGMLQ RFGQ
GLRCPL?J AMMPBGL?RCQ ?PC SQCB ?Q MNRGKGX?RGML N?P?KCRCPQ

%SKKW ?RMKQ ?PC GLNSR UGRF RFC AFCKGA?J QWK@MJ VV 99 RWNC ?RMKQ
JGIC ?LW MRFCP ?RMK RWNCQ 5FC L?KC Vixt. ARMLDA?TEK € LGRS D B GV QMBS RRC @AM |
QSNNJGCB DMP BSKKGCQ 5FCPC ?PC LM QWKKCRPW AMLQRP?GLRQ ML RFC NI
BSKKGCQ QCPTC MLJW RM QCR SN RFC ; K?RPGV GL ? NPMNCP U?W

Coords

5FGQ QNCAGDGCQ FC AMMPBGL?RCQ MD RFC ?RMK *D $?PRCQG?L AMMPBGL?|
EGTCL 'MP ; K?RPGV AMMPBGL?RCQ WMS NSR DGPQR RFC RFPCC AMLLCARGM
JCLERF @MLB ?LEJC ?LB BGFCBP?J ?LEJC &V?KNJC

(C

BCDGLCQ RF?R ? (CPK?LGSK ?RMK GQ JMA?RCB UGRF ? BGQR?LAC "LEQRPN
GLNSR JGQR RF?R RFC ?LEJC (C ?RMK ?RMK GQ BCEPCCQ ?LB RF?R RF
NJ?LCQ (C ?RMK ?RMK ?LB ?RMK ?RMK ?RMK GQ BCEPCCQ

5M ?TMGB ?LW AMLDSQGML ?Q PCE?PBQ RFC BGPCARGML QGEL MD RFC BGF(
"%' -CR RFC AMLLCARGML LSK@CPQ DMP ?L ?RMK 1 PCDCP RM RFC ?RMKQ 2
JMA?J AMMPBGL?RC DP?KC QSAF RF?R 2 GQ ?R RFC MPGEGL 3 ML RFC NMQGF
NMQGRGTC V T?JSC 5FC RFPCC ; K?RPGV AMMPBGL?RCQ @MLB JCLERF @MLE
RFCL NPCAGQCJIJW GRQ QNFCPGA?J AMMPBGL?RCQ P O ?LB D RFC BGQR?LACH
UGRF RFC NMQGRGTC Kegaie @ D RFZLBLEBC RF?R RFC NPMHCARGML MD 12 ML F
K?ICQ UGRF RFC NMQGRGTC V ?VGQ , MP , ,

5FC AMLLCARGML LSK@CPQ ?LB GLRCPL?J AMMPBGL?RC T?JSCQ MD RFC DGPC
4GKGJ?PIJW RFC QCAMLB ?RMK PCOSGPCQ MLIJW ? @MLB JCLERF QNCAGDGA?]



JCLERF ?LB ? @MLB ?LEJC )MUCTCP DMP C?AF ?RMK RFPCC AMLLCARGML LS
GLRCPNPCRCB ?LB WMS K&RQRDRMHFCREOK O RFCNWIWBML R PCDCP RM ?2LW ?RMK
AMPPCQNMLBGLE KC?LGa&ida®Qr JSICXRAGY @C MKGRRCB .MPC GL ECLCP?J KG
AMMPBGL?RC T?JSCQ ?PC QCR RM XCPM ?2JQM DMP $?PRCQG?L AMMPBGL?RCC
KC?LGLEJCQQ @CA?SQC RFCW AMPPCQNMLB RM XCPM AMLLCARGML LSK@CPQ
GL RFC GLNSR DGJC

*L ?2 ; K?RPGY BCDGLGRGML RFC RFPCC PCDCPCLAC ?RMKQ UGRF PCQNCARG™
COS?J RM XCPM BM LMR F?TC RM @C RFC DGPQR RFPCC GL RFC GLNSR JGQR
RF?R F?7Q AMLLCARGML LSK@CPQ XCPM RFCL DMP MLC RF?R F?Q MLJW ? @ N
K?RPGV GQ LMR NPMNCPJW BCDGLCB DMP GLQR?LAC GD KMPC RF?L MLC ?RM
LSK@CPQ COS?J RM XCPM MP UFCL LMR CTCPW ?RMK GQ QMKCFMU AMLLCAR(
?@MPR

F=Fragment

4NCAGDGCQ RF?R RFC ?RMK @CJMLEQ RM ? N?PRGASJ?P DP?EKCLR 5FC DP?E
DP?ERWNC L UFCPC DP?ERWNC GQ RFC L?KC MD MLC MD RFC RWNCQ MD DP?|
?DRCP RFC QJ?QF AMSLRQ RFC GLBGTGBS?J DP?EKCLRQ MD RF?R RWNC 5FC
RFCPC GQ MLJW MLC DP?EKCLR MD RF?R RWNC

8FCL D DP?EKCLR GQ MKGRRCB ?JRMECRFCP &dCyePREXKFCIUR RWNCAGGPD RBCBCL
C?PJGCP ML RFC Q?KC JGLC O5FC LSK@CPGLE L GQ RFCL ?BBCB ?SRMK?RGA"
LSK@CP MD RGKCQ RF?R RFGQ QGLEJC ?RMK DP?EKCLR RWNC MAASPQ GL RF(

Mopac
5FC .01"$ QRWJC GLNSR PCOSGPCQ RF?R RFC PCAMPBQ GL RFC B?R? @JMAI F
?RMKRWNC BGQR?LAC GBGQR ?LEJC G?LEJC BGFCBP?J GBCFCBP?J

5FC RFPCC GLRCPL?J AMMPBGL?RC T?JSCQ BGQR?LAC ?LEJC BGFCBP?J ?P(
AMLLCARGML LSK@CP

Atomtype GQ LMR G BoGdnika glede® M?L ?RMK RWNC GQ BCDGLCB @W ?JJ AF?P?ARCPGQ
?RMK RM UFGAF GR GL D?AR PCDCPQ RFC LSAJC?P AF?PEC RFC @?QGQ DSLAR(
?LB ?LW MRFCP DC?RSPCQ RF?R UCPC ?NNJGCB GL ECLCP?RGLE RF?R @?QGA ?1I

"Q KCLRGMLCB @CDMPC RFC NMGLR EPMSN QWKKCRPW QNCAGDGCB GL GLNSR
PCQRPGARGMLQ ML RFC MPGCLR?RGML MD RFC ?RMKGA QWQRCK 6LJCQQ RFC C
QWKKCRPW MD RFC LSAJC?P DP?KC GL UFGAF A?QC ?BD UGJJ ?BHSQR RFC MPG
RFC SQCP KSQR R?IC A?PC M Daresi@; @WMP BSNNIWWE LELRREC ?NNPMNPG?RC MPGC
QS@EPMSN MD RFC RPSC LSAJC?P QWKKCRPW GQ SQCB ?LB ; K?RPGV DMPK?R G
UGJJ NJ?AC RFC ?RMKQ GL RFC QR?LB?PB ; K?RPGV DP?KC DGPQR ?RMK ?R RFC
RFGPB GL RFC VW NJ?LC UGRF NMQGRGTC W T?JSC

%SKKW ?RMKQ K?W @C NJ?ACB ?QWKKCRPGA?JIJW *D RFC ?RMKGA AMMPBGL?RC
?RMKQ ?PC GPPCJCT?LR 5FCGP AMMPBGL?RCQ UGJJ @C NPGLRCB @SR MRFCPU

*LNSR GRCKQ ?PC ECLCP?JIJW A?QC GLQCLQGRGTC &VACNRGMLQ ?PC RFC L?KC
BGQASQQCB @CJMU RFC L?KC MD RFC DP?EKCLR RWNC ?Q GR GQ BCDGLCB SLB
GKNJGAGRJW ?Q RFC L?KC MD RFC ?RMK RWNC KGEFR ?JQM BGPCARJW GLBGA?
DP?EKCLR RWNCQ GQ GL NPGLAGNJC A?QC QCLQGRGTC &PPMPQ K?W MAASP GD

JMUCTCP WMS KSQR LMR EGTC BGDDCPCLR DP?EKCLR RWNCQ L?KCQ RF?R BGDI
NPMEP?K DP?EKCLR RWNC L?KCQ ?PC AMKN?PCB GL ? A?QC GLQCLQGRGTC U?W



Mixed Cartesian and Z-matrix coordinates

5FC ICW "50.4 A?L ?2JQM @C SQCB RM QSNNJW AMMPBGL?RCQ GL ? DMPK?R RF?R
AMMPB Ghd?REQ AMLLCARGML K?RPGV UFGAF BCDGLCQ ? ; K?RPGV

ATOMS ZCart
{N} Atom Coords {F=Fragment}

End
ZCart

4GEL?JQ RFGQ N?PRGASJ?P DMPK?R DMP RFC AMMPBGL?RCQ

Coords

"Q DMP ; K?RPGV GLNSR RFPCC GLRCECPQ ?LB RFPCC PC?J T?JSCQ 5FC GLR
BCDGLC RFC ; K?RPGV QRPSARGRSIan@AMMRBG IPPRXIQ ?PC RFC

8GRF ;$?PR GLNSR RFC X K?RPGV GQ GLRCPL?JJW ECLCP?RCB DPMK RFC $?PRC
LSK@CPQ

5FGQ DC?RSPC GQ AMLTCLGCLR UFCL DMP GLQR?LAC $?PRCQG?L AMMPBGL?RCQ
(CMKCRPW ONRGHeGW X RAMGMABGL?RCQ DMP UFGAF ? ; K?RPGV QRPSARSPC GQ PCC

5FC XA?PR MNRGML AMKCQ GL F?LBW ?JQM RM Q?RGQDW QWKKCRPW PCJ?RCB N
@?QGA?JIW UGQF RM SQC ; K?RPGV AMMPBGL?RCQ

8GRF XA?PR GLNSR RFC NEWEDRP AM BI®CB G L € RCRF GCarkesidh GIANGER ®@G JOGEQGDGA?LR
GL (CMKCRPW ONRGKGX?RGMLQ UFCPC RFC MNRGKGX?RGML T?PG?@JCQ ?PC @
RWNC

Orientation of Local Atomic Coordinates

"Q BGQASQQCB @CDMPC RFC ?RMKGA NMQGRGMLQ ?PC GLNSR UGRF RFC ICW "5
KCLRGMLCB RFC NMQQG@JGRW RM PCBCDGLC RFC JMA?J AMMPBGL?RC DP?KC |

ATOMS {type of coordinates}
{n} atomname coordinates {F=fragment} {Z=xx yy zz} {X=xx yy zz}

end

&VACNR DMP RFC X MNRGML ?JJ ?QNCARQ F?TC @CCL CV?KGLCB ?JPC?BW @CD

Z=XX VY 22Z

BCDGLCQ ? PCMPGCLR?RGML MD RFC JMA?J ?RMKGA X ?VGQ GR GQ GLRCPNP
VV WW XX NMGLRGLE ?2U?W DPMK RFC ?RMK *L RFC JMA?J PCMPGCLRCB DP’
PMR?RCB RM RFC NJ?LC BCDGLCB @W RFC BGPCARGMLQ MD RFC KMJCASJ?P >
5FGQ DC?RSPC A?L @C sQCB MLJW DMP QGLEJC ?RMK DP?EKCLRQ MRFCPUGC
KMPC DIJCVG@GJIJGRW GL RFC ?L?2JWQGQ MD RFC DGL?J KMJCASJ?P MP@GR?JQ
GR K?W @C TCPW FCJNDSJ RM PCBCDGLC RFC MPGCLR?RGML MD Q?W RFC N M
MPGCLR ?JJ N MP@GR?JQ RMU?PBQ RFC MPGEGL @W QNCAGDWGLE DMP C?AF



MD RF?R ?RMK
#W BCD?SJR RFC JMA?J ?LB KMJCASJ?P X ?VCQ ?PC GBCLRGA?J

X=XX Yy 7Z

BCDGLCQ ? PCMPGCLR?RGML MD RFC JMA?J ?RMKGA V ?VGQ GR GQ GLRCPNP
VV WW XX NMGLRGLE ?2U?W DPMK RFC ?RMK 5MECRFCP UGRF RFC X TCARMP
RFCL EGTCL @W RFC TCARMP NPMBSAR X V

S5FGQ GQ SQCB DMP ?L?IWQGQ QCC MPGCLR?RGML MD RFC X ?VGQ

ASCII Output Files with Atomic Coordinates

:MS K?W U?LR RM F?TC ? QNCAG?J PCQSJR DGJC RF?R AMLR?GLQ RFC ?RMKGA A
ECMKCRPGCQ NPMACQQCB GL RFC A?JASJ?RGML DMP GLQR?LAC RM DCCB GR R
BCTCIMNKCLR MD ?L MNRGKGX?RGML PSL 5FGQ GQ PCESJ?RCB UGRF RFC ICW '

FILE filetype filename { filetype2 filename2 }
filetype
ANCAGDGCQ RFC DMPK?R MD RFC MSRNSR $SPPCLRJW QSNNMPRCB ?PC RFPC
filename

5FC DGJC RM UFGAF RFC MSRNSR GQ UPGRRCL RFC DGJC QFMSJB LMR WCR C
N?RF UGRF PCQNCAR RM RFC BGPCARMPW UFCPC RFC A?JASJ?RGML PSLQ

5FC Q?KC GLNSR PCAMPB K?W AMLR?GL ?LW LSK@CP MD N?GPQ MD ?PESKCLRQ
KMJ RWINCVWX RWNC PCQSJR DGJC ?PC RM @C ECLCP?RCB 5FC ICW K?W ?2JQM |
QRPC?K GL UFGAF A?QC RFC ?PESKCLR JGQRQ ?PC CDDCARGTCJW ?JJ AMLA?RC

Basis sets and atomic fragments
Automatic mode

5FC DMJJMUGLE GLNSR UGJJ PSL ? ECMKCRPW MNRGKGX?RGML ML U?RCP SQGL

ATOMS
0000
H110
H-110

End

Basis
End

Geometry
End

5FC "50.4 @JMAI ICW QNCAGDGCQ RFC QR?PRGLE ECMKCRPW

5FC (&0.&53: ICW GLQRPSARQ "%' RM NCPDMPK ? ECMKCRPW MNRGKGX?RGML



5FC #"4*4 @JMAI ICW GLQRPSARQ "%' RM PSL RFC ?NNPMNPG?RC APC?RC PSLQ °
RFC @?7QGQ QCRQ RM SQC 'MP RFC 9% NMRCLRG?JQ GLTMICB UGRF RFC .0%&- Q
NMRCLRG?J GL RFC $PC?RC PSL UGJJ @C ? ((" NMRCLRG?J P?RFCP RF?L QSAF ?
A?LLMR ASPPCLRJW @C ?NNJGCB GL $PC?RC PSLQ

5FC "SRMK?RGA KMBC UGJJ @C SQCB UFCL RFC #?2QGQ ICW GQ NPCQCLR GL RFC

BASIS
Type bastyp
Core coretyp
Path apath
Atom atompath

End

"JJ QS@ICWQ ?PC MNRGML?J 'MP KMQR A?JASJ?RGMLQ WMS LCCB MLJW RM QCF

Type bastyp

bastyp GQ RFC RWNC MD @?QGQ QCR RM SQC ?LB KSQR AMPPCQNMLB UGRF RF
UGRFGL "%'3&4063%$&4 MP UGRFGL "%'3&4063$&4 ;03" DMP ;03" A?JASJ?RGML
7?JGB QR?LB?PB @?QGQ QCR RWNCQ ?PC 4; %; %;1 5;1 5;1 ?2LB 2; 1 .MPC
@C DMSLB GL RFC "%'3&4063$&4 BGPCARMPW ;03" UGJJ @C GLAJSBCB MLJW
RWNCQ 4; %; %;1 5:;1 5;1 ?LB 2; 1 ?LB GD RFC A?JASJ?RGML GQ ? ;03" A?.
RFC QR?LB?PB @?QGQ QCR RWNCQ GQ SQCB @SR LM @?QGQ QCR MD RFC QN
SQC ? J?PECP @?QGQ QCR

%CD?SJR %;

Core coretyp

coretyp GQ RFC RWNC MD DPMXCL AMPC RM SQC "JJMUCB T?JSCQ /MLC 4K?JJ
*D LM @?QGQ QCR UGRF AMPC GQ ?T?GJ?@JC ?L ?JJ CICARPML @?7QGQ QCR |
*D RFCPC GQ MLJW MLC @?QGQ QCR UGRF AMPC 4K?JJ .CBGSK ?LB -?PEC ?P

*D RFCPC ?PC RUM @?7QGQ QCRQ UGRF AMPC .CBGSK ?LB -?PEC ?PC GBCLRG/
%CD?SJR -?PEC

Path apath

apath GQ ?L ?JRCPL?RGTC BGPCARMPW UGRF @?7QGQ QCRQ RM SQC "%' JMMIQ
RFGQ BGPCARMPW

%CD?SJR "%'3&4063%&4

Atom atompath

*L RFGQ QS@ICW "RMK QFMSJB @C PCNJ?ACB @W RFC L?KC MD RFC ?RMKGA
QNCAGDW RFC @?QGQ DMP CV?KNJC O

6QC RFGQ ICW RM QNCAGDGA?JJW QCJCAR ? @?QGQ QCR DMP RFGQ ?RMK
2L 7@QMJISRC N?RF RM ? @?QGQ DGJC DMP CV?KNJC "%'3&4063$&4 %; 0 Q
? PCJ?RGTC N?RF RM ? @?QGQ DGJC DMP CV?KNJC %; 0 Q
? DGJCL?KC UGRFGL RFC 5WNC BGPCARMPW DMP CV?KNJC 0 Q

"L?2?@QMISRC N?RF UGJJ ?2JU?WQ @C SQCB ?Q QNCAGDGCB
" PCJ?RGTC N?RF GQ PCJ?RGTC RM RFC T?JSC MD RFC 1"5) MP 1"5) ;03" QS @



" DGJCL?KC GQ ?2JU?WQ PCJ?RGTC RM 1"5) 5WNC MP 1"5) ;03" 5:1& BGPCARMP)

5FC PCJ?RGTC N?RF MP DGJCL?KC UGJJ ?SRMK?RGA?JJW QUGRAF RM ? ;03" @
@?7QGQ QCR RWNCQ 4; %; %;1 5;1 5;1 ?LB 2; 1 ?LB GD RFC A?JASJ?RGML
:MS A?L F?TC MLC "RMK QS@ICW DMP C?AF @?QGA ?RMK RWNC GL WMSP GLNSE

4GLAC WMS NGAI CYVNJGAGRJW RFC DGJC RM SQC WMS ?PC PCQNMLQG®@JC DI
%M LMR GLAJSBC RFC 'P?EKCLRQ MP $MPCNMRCLRG?JQ ICWQ UFCL SQGLE RFC ¢/

S8FCL BB ICW GQ NPCQCLR "%' UGJJ DGPQR APC?RC DP?EKCLR DGJCQ DMP ?J.
RFC "50.4 ICW @JMAI /MPK?JJW RFGQ KC?LQ RF?R DMP C?AF ?RMK RWNC GL WM
APC?RCB

:MS K?W F?TC BGDDCPCLR DP?EKCLRQ UGRF RFC Q?KC ?RMK ?BB ? BMR ?LB ? L
L?KC MD RFC CJCKCLR ?Q BCQAPG@CB GL RFC "50.4 ICW 'MP CV?KNJC ) ?LB
DP?EKCLR DGJCQ UGJJ @C APC?RCB MLC DMP RFC ) DP?EKCLR ?LB MLC DMP R
QS@ICW WMS K?W ?QQGEL BGDDCPCLR @?QGQ QCRQ RM RFCQC DP?EKCLRQ "L\
) ?RMKQ UGJJ LCTCP @C QWKKCRPW COSGT?JCLR RM C?AF MRFCP

4R?PRGLE DPMK "%' RFC #"4*4 ICW PCAMELGXCQ CJCKCLRQ BCLMRCB UGRF
@CGLE EFMQR ?RMKQ *D MLC BMCQ LMR QNCAGDGA?JJW QCJCAR ? @?7QGQ QCR
QCR DMP RFC ?RMK GQ QCJCARCB GL RFC APC?RGML MD RFC EFMQR ?RMK SQGL
#"4*4 ICW 5FC ?RMK L?KC KSQR @CEGL UGRF RFC QR?LB?PB MLC MP RUM AF?P
CJCKCLR (F) (F)C (F -G ?LB QM ML ONRGML?JJW GR K?W @C ?NNCLBCB @W

LMR AMLR?GLGLE BCJGKGRCPQ &V?KNJCQ (F) (F .L (F $s BX LCU

5FC @?QGQ QCR RM SQC DMJJMUQ DPMK RFC QS@ICWQ MP RFC BCD?SJR T?JSC
@JIJMAI GD GR GQ NPCQCLR GL RFC GLNSR

*L A?QC MD ? PCJ?RGTGQRGA A?JASJ?RGML RFC %*3"$ NPMEP?K UGJJ ?2JQM @C
UGJJ GLAJSBC RFC AMPPCAR PCJ?RGTGQRGA ICW ?LB AMPPCQNMLBGLE @?QGQ
JMA?RC ? QNCAG?J ;03" @?QGQ QCR *D RFGQ BMCQ LMR QSAACCB GR UGJJ sQC
QCR BMCQ LMR SQC ? DPMXCL AMPC

5FC PCQSJRGLE DP?EKCLR DGJCQ UGJJ @C L?KCB R ?RMK UGRF ?RMK PCNJ?
NPCQCLR *L A?QC MD ? PCJ?RGTGQRGA A?JASJ?RGML RFC AMPCNMRCLRG?JQ L

Create mode

*L $PC?RC KMBC RFC GLNSR DGJC A?L @C CVRPCKCJW QGKNJC 'GPQR RFC ECWN
*LBCCB LM AMMPBGL?RCQ CRA ?PC PC?B DPMK GLNSR ?LW QSAF GRCKQ ?PC G

4CAMLB RFC NPM@JCK GQ AMKNSR?RGML?JIJW QM QGKNJC RF?R BCD?SJR QCRR
AMLTCPECLAC APGRCPG? ?LB JCTCJQ MD LSKCPGA?J GLRCEP?RGML ?AASP?AW
QRPGLECLR RF?L GL LMPK?J A?JASJ?RGMLQ 5FCQC ?QNCARQ BML R F?TC RM @

*L $PC?RC KMBC WMS LCCB MLJW ? MLC JGLC GLNSR DGJC MD RFC DMJIMUGLE I
| CREATE Atomtype Datafile
Create

GQ RFC ICWUMPB 5FC PCK?GLBCP MD RFC PCAMPB ?RMKRWNC B?R?DGJC GQ(



Atomtype

GQ ? L?KC DMP RFC @?QGA ?RMK RF?R WMS U?LR RM APC?RC 5FC NPMEP?K F
5FCPCDMPC RFC L?KC KSQR @CEGL UGRF RFC QR?LB?PB AFCKGA?J QWK@MJ
APC?RCB ONRGML?JJW RFC L?KC K?W F?TC ?L QSDDGVY MD RFC DMPK RCVR !
N?PR ?DRCP RFC NCPGMB RCVR GQ ?R WMSP BGQAPCRGML ?Q JMLE ?Q GR B

appropriate names inappropriate names for an atom type

4G UGRF AMPC LM NCPGMB ?DRCP RFC AFCKGA?J QWK@MJ
-G LCU@?QGQ)0.& ?RMKGAB?R? $LBIRN@CEGLLGLE UGRF RFC AFCKGA?J QWK @ N
1 'C@ (? LMAMPC QK?JJ@?AMILR?GLQ ? AMKK? ? BCJGKGRCP

4MBGSK Q AMBGSK G RPCRFGQ CJCKCLR /?

Examples of appropriate (left) and inappropriate (right) atom type names used with the keyword
create

Datafile

QNCAGDGCQ RFC B?R? DGJC RF?R AMLR?GLQ RFC @?QGQ QCR ?LB PCJ?RCB G
BMCQ LMR PCQGBC GL RFC UMPIGLE BGPCARMPW MD RFC HM@

5 F Gatafile N?PR GQ MNRGML?J *D WMS MKGR GR "%' ?QQSKCQ RF?R RFC DGJC
RWNC L?KC G C

Create Atomtype

GQ COSGT?JCLR RM ?LB GLRCPNPCRCB ?Q

Create Atomtype Atomtype

*L TGCU MD RFC PCQRPGARGMLQ RF?R ?NNJW RM RFC ?RMK RWNC L?KC RFC
SQCB GD RFC DGJC L?KC F?Q RFC ?NNPMNPG?RC DMPK?R

5M K?IC RFC GLNSR DGJC C?QGCP RM SLBCPQR?LB DMP ? FSK?L PC?BCP WMS
DGJC %?R?DGJC UFCPC DGJC KSQR @C RWNCB ?Q QSAF ?LB B?R?DGJC GQ F

4M WMS AMSIB F?TC ? TCPW QGKNJC A?JASJ?RGML ?Q DMJIJMUQ RFC APC?RGM

$ADFBIN/adf << eor
Create C.dzp
eor

5FC NPCQCLAC MDcreaeC XORDYMRBC AMKN SR ?R G M kredtekaMaBi€ atdrd "34'CR M

?PESKCLR $ BXN GQ RFCL ?L?JWXCB ?LB DMSLB RM F?TC ?2Q GLGRG?J N?PR $
$?P@ML ?RMK 4GLAC RFC DGJC QNCAGDGA?RGML N?PR GQ KGQQGLE RFC B?R?
JMA?J DGJC UGRF RFC L?KC $ BXN

.MPC MDRCL WMS UGJJ BGPCARJW ?BBPCQQ ? DGJC UGRF RFC @?QGQ QCR RF"
WMSP "%' N?AI?EC 5FC QAPGNR AMSJB RFCL @C

$ADFBIN/adf << eor
Create C $ADFHOME/atomicdata/DZ/C.1s
eor

JCPC WMS ?BBPCQQ RFC DGJC $ Q GL RFC B?R?@?QC QS@BGPCARMPW %; RF
OS?JGRW

"AMLQGBCP?@JC LSK@CP MD B?R? DGJCQ ?PC GLAJSBCB GL RFC "%' B?R?@7?QC
MD ? @?QGA ?RMK

.?IC ? AMNW MD RFC B?R? DGJC GL RFC BGPCARMPW UFCPC WMS U?LR RM PSL R
L?KCQ Q?RGQDW RFC PCOSGPCKCLRQ DMP ?RMK RWNC L?KCQ WMS A?L LMU SQC



create ICW

$MLQRPSAR ? MLCinN)@Gre€@ie GLRK® MBJIE?R? DGJC AMNW

3SL "%' @W RWNGLE

adf <in >out

8FCL RFC A?JASJ?RGML F?Q DGLGQFCB EGTC RFC PCQSJR DGJC 5"1& ? QSGR?
UFCPC WMS @SGJB WMSP B?R?@?QC MD DP?EKCLR JG@P?PGCQ

&V?KGLC JMEDGJC ?LB MSR RM AFCAI RF?R CTCPWRFGLE F?Q EMLC UCJJ

:MS K?W U?LR RM BCDGLC ?JRCPL?RGTC @?QGA ?RMKQ BGDDCPCLR DPMK RFMC
GLQR?LAC RM RPW MSR ? BGDDCPCLR @?QGQ QCR BCTCIJMNCB @W WMSPQCJD ;
WMS A?L QCC UF?R RFC AMLRCLRQ MD QSAF ? DGJC QFMSJB @C " AMKNJCRC B

:MS A?L ?2JQM APC?RC @?QGA ?RMKQAkekhRNCERMANIs B G IGER R \d MM GAL?QRCBAC ? LML
GLRCECP LSAJC?P AF?PEC MP ? BGDDCPCLR K?QQ 4CC RFC LCVR QCARGML

Ghost Atoms & Non-standard Chemical Elements

5FC ?RMK RWNC L?KCQ SQCB SLBCP ?RMKQ ?LB GL RFC APC?RC PCAMPB KSQR
CJCKCLR QWK@MJ ) )C -G 5FC NPMEP?K SQCQ RFGQ RM BCBSAC RFC LSAJC
NPMNCPRGCQ

'MP RFC QR?LB?PB CJCKCLRQ MLC A?L PCBCDGLC RFC ?RMKGA K?QQ DMP GLQR
CREATE H {m=value} datafile

value

5FC ?RMKGA K?QQ UFGAF UGJJ RFCL MTCPPGBC RFC BCD?SJR T?JSC DMP RF«

" KMPC CVRCLQGTC DC?RSPC GQ ?T?GJ?@JC RM BCDGLC ?L ?PRGDGAG?J AFCKG
4SAF LCU CJCKCLROQAemative ElerkeRt€ BLB K?W DMP GLQR?LAC F?TC ? LML GLRCECP |
AF?PEC 5FC AFCKGA?J QWK@MJ MD ?L "JRCPL?RGTC &JCKCLRQ GQ EF DMP EFNMN

:MS A?L APC?RC H RWNC MP EF RWNC @?QGA ?RMKQ ?LB SQC RFCK QS@QCOSCL

A4R?PRGLE DPMK "%'" RFC #"4*4 ICW PCAMELGXCQ CJCKCLRQ BCLMRCB UGRF
@CGLE EFMQR ?RMKQ *D MLC BMCQ LMR QNCAGDGA?JJW QCJCAR ? @?QGQ QCR
QCR DMP RFC ?RMK GQ QCJCARCB GL RFC APC?RGML MD RFC EFMQR ?RMK SQGL
#"4*4 ICW 5FC ?RMK L?KC KSQR @CEGL UGRF RFC QR?LB?PB MLC MP RUM AF?P
CJCKCLR (F) (F)C (F -G ?LB QM ML ONRGML?JJW GR K?W @C ?NNCLBCB @W

LMR AMLR?GLGLE BCJGKGRCPQ &V?KNJCQ (F) (F.L (F $S BX LCU

Creation

5FC LSAJC?P AF?PEC MD ?L "JRCPL?RGTC &sCRECR DM P K RONXPQNBADEDMLECBB GUBR |
$PC?RC PSL 5FC ?RMKGA K?QQ GQ MNRGML?JJW QSNNJGCB
CREATE J.NewElement g=Q {m=mass} datafile

J.NewElement



5FC ?RMK RWNC L?KC @ altereativeGAFECKGREFIRELCKCLR QWK@MJ + *R F?Q ?L MN
QSDDGY MD RFC DMPK RCVR AMKNJCRCJW QGKGJ?P RM RFC AMLQRPSARGML
CIJCKCLR QWK@MJQ

Q
5FC LSAJC?P AF?PEC mest@ O SMQCBGIMMP ? + CICKCLR
*R KBAD® C SQGRNMaMRFCKGA?J CJCKCLRQ

mass
5FC ?RMKGA K?QQ GL ?RMKGA K?QQ SLGRQ *D LMR QSNNJGCB GR UGJJ @C C
AFCKGA?J CICKCLR UGRF LSAJC?P AF?PEC " UFCPC " C0OS?JQ 2 PMSLBCB RM
QK?JJCP RF?L ?LB LMR J?PECP RF?L

datafile

5FC $PC?RC B?R? DGJC

*D WMS U?LR RM SQC RFC "JRCPL?RGTC &JCKCLR DC?RSPC WMS JJ F?TC RM AML
RFC "JRCPL?RGTC &JCKCLR WMS F?TC GL KGLB "NNCLBGYV BCQAPG@CQ RFC I

Use as fragment

+ RWNC @?QGA ?RMKQ A?L @C SQCB JGIC ?LW MRFCP @?QGA ?RMKQ RM @SGJB
D?AR + MP (F A?L @C AMLQGBCPCB HSQR MLC KMPC AFCKGA?J QWK@MJ ?JMLE
CJCKCLR + F?Q LM NPC BCDGLCB NPMNCPRGCQ S5FCPCDMPC WMS F?TC RM QNCA
LSAJC?P AF?PEC ?LB ?RMKGA K?QQ

:MS K?W F?TC BGDDCPCLR + CICKCLRQ GL ? KMJCASJC UGRF BGDDCPCLR LSAJC
@C BCLMRCB UGRF RFC Q?KC AFCKGA?J QWK@MJ + RFC BGDDCPCLAC A?L MLJW
?RMK RWNC L?KC

*R BMCQ LM F?PK MD AMSPQC RM K?IC RFGQ QSDDGV ? AMLAGQC @SR AJC?P BC

Molecular fragments

Fragment mode

*L '"P?EKCLR KMBC KMPC GLNSR GQ PCOSGPCB RF?L GL $PC?RC KMBC WMS F?TC
NMQGRGMLQ ?LB FMU RFC RMR?J QWQRCK GQ @SGJR SN DPMK DP?EKCLRQ 8
NMGLR EPMSN QWKKCRPW

&V?KNJC MD ?L GLNSR DGJC DMP RFC $) KMJCASJC

ATOMS
C 0 0 .6685
C 0 0-6685
H .927 0-1.203
H-.927 0-1.203



H .927 0 1.203
H-.9270 1.203
end

fragments
C TAPE21c.dzp
H TAPE21h.dzp
end

symmetry D(2h)
end input

5FPCC ICWQ ?PC SQCB ?RMKQ DP?EKCLRQ ?LB QWKKCRPW 5FC DGPQR RUM ?P

atoms

BCDGLCQ RFC ?RMKGA NMQGRGMLQ C?AF PCAMPB GL RFC B?R? @JMAI AMLR?
DMJJMUCB @W GRQ $?PRCQG?L AMMPBGL?RCQ GL "LEQRPMKQ
; K?RPGY RWNC GLNSR MD ?RMKGA NMQGRGMLQ GQ ?2JQM NMQQG@JC 5FGQ U

fragments

JGQRQ RFC DP?EKCLR DGJCQ C?AfpP OAN PB UOBL @¥G RF @ ARPHEIBQINRLBGLE DP
*L RFC CV?KNJC RECDBAECQQ 'TAICQ GL MRFCP BGPCARMPGCQ ?PC ?BBPCQQCB
N?RF

/IMRC p&r@lePA?JASI?RGML GQ NCPDMPKCB @C QSPC RF?R C?AF IGB DGLBQ RF
UGJJ SQS?JJW PCOSGRCIRIA?R RFMCRFGIEQ@P@SR DGPQR @C KMTCB RM QMKC
RF?R RFC PCDCPCLACQ RM RFC DP?EKCLR DGJCQ GL RFC GLNSR AMLR?GL RF(
RFC JMA?J DGJCQ GL RFC N?PCLR BGPCARMPW ?PC AMNGCB DGPQR RM RFC
QR?PRQ

symmetry

QNCAGDGCQ RFC NMGLR EPMSN QWKKCRPW @W ? 4AFdLDJGCQQ RWNC QWK@ |
MD ?JJ 4AFdLDJGCQQ QWK@MJQ RF?R ?PC PCAMELGXCB @W ?BD *D LM QWKK
QWKKCRPW MD RFC LS ASde-8iecibdd YVWEKKE RFW *D CJCARPGA DGCJBQ ?PC SQCE
AMKNSRCB QWKKCRPW UGJJ R?IC RFGQ GLRM ?AAMSLR /MRC RF?R RFC AMKN
JGQR MD ?JJMUCB QWKKCRPGCQ QCC "NNCLBGV GL UFGAF A?QC WMS F?7
NMGLR EPMSN QWKKCRPW WMS UGQF RM ?NNJW

5FC ?RMKGA AMMPBGL?RCQ KSQR AMLDMPK RM RFC NMGLR EPMSN QWKKCRPW |
RFC ?RMKGA QWQRCK BMCQ LMR F?TC RFC QNCAGDGCB @WeKKCRPW *R GQ ?JJM
QWKKCRPW RF?L UF?R GQ ?ARS?JJW NPCQCL$eCiledRFWKKXKCR MDD BRREBRGNMEQGRG
FMU PCQSJRQ ?PC ?L?JWXCB ?LB FMU GPPCBSAG@JC PCNPCQCLR?RGMLQ ?LB Q
BCRCPKGLCQ T?PGMSQ ?JEMPGRFKGA ?QNCARQ RFC NPMEP?K PSLQ KMPC CDDC
QWKKCRPW

5FC QN?RG?J MPGCLR?RGML MD RFC KMJCASJ?P AMMPBGL?RC QWQRCK GQ LMR
QWKKCRPW ? QNCAGDGA QR?LB?PB MPGCLR?RGML *L ?VG?J EPMSNQ DMP GLQR
?VGQ 5FGQ GKNJGCQ ? PCQRPGARGML ML FMU WMS A?L BCDGLC RFC ?RMKGA A
PCOSGPCKCLRQ DMP ?JJ NMGLR EPMSNQ ?PC JGQRCB GL "NNCLBGYV *D RFC C
QWKKCRPW MD RFC LSAJC?P DP?KC ?BD UGJJ ?BHSQR RFC GLNSR MPGCLR?RGM|
LCACQQ?PW *D WMS F?TC QNCAGDGCB ? QS@EPMSN MD RFC RPSC LSAJC?P QW
A?PPGCB MSR ?LB RFC SQCP F?Q RM K?IC QSPC RF?R FGQ GLNSR B?R? WGCJB R
MAASP



3CQRPGARGMLQ ?NNJW RM RFC QWKKCRPW ?7Q QNCAGDGCB MD RFC KMJCASJC
?Q RFCW UCPC QRGNSJ?RCB GL RFC NPCACBGLE DP?EKCLR A?JASJ?RGMLQ "JJ
GLRCPL?JJW PMR?RC MP PCDJCAR ? DP?EKCLR @SR JC?TC GR ?R RFC Q?KC NMC
MNCP?RMPQ MD RFC QWKKCRPW EPMSN GL UFGAF RFC DP?EKCLR F?Q @CCL AMK
KSQR LMR @C QWKKCRPW COSGT?JCLR GL RFC KMJCASJC MLIW @W ?L GKNPMNC
PCDJCARGML MD RFC DP?EKCLR KSQR @C MLC MD RFC QWKKCRPW MNCP?RMPQ
RFC DP?EKCLRaA® RAEIRRIGMASI?P QWKKCRPW EPMSN KSQR ?2JQM AMLR?GL ? NPN
RFC RUM DP?EKCLRQ MLRM C?AF MRFCP

5FC CV?KNJC MD RFC $) KMJCASJC GKNJGAGRsihgle alQM@BRCOKRERR) ?3F OIP?EKCLR
RFC DP?EKCLRQ ?PC J?PECP RFC B?R? PCAMPBQ GL RFC ?RMKQ ICW F?TC RM @'
?RMKQ @CJMLE RMECRFCP GL MLC DP?EKCLR

SYMMETRY T(D)
Atoms
NiO 0 O

C-1.06-1.06 1.06 f=CO/1
C-1.06 1.06 -1.06 f=CO/2
C-1.06 1.06 -1.06 f=CO/3
C 1.06 -1.06 -1.06 f=CO/4
O 1.71 1.71 1.71 f=CO/1
0-1.71-1.71 1.71 f=CO/2
0-1.71 1.71-1.71 f=COI3
O 1.71-1.71-1.71 f=CO/4

End

Fragments
CO TAPE21co.yesterday
Ni t21ni.dzp

End

End Input

"LMRFCP Q?KNJC GLNSR DGJC SQGLE ? QGLEJC ?RMK /G DP?EKCLR ?LB DMSP KI
QWKKCRPW ?LB DP?EKCLRQ MNCP?RC ?Q @CDMPC "E?GL UC F?TC RUM RWNCQ |
C?AF MD RFCK RFC DP?EKCLR DGJC GQ QNCAGDGCB

6LBCP RFC ICW "50.4 RFC AFCKGA?J QWK@MJQ ?LB RFC LSAJC?P AMMPBGL?RCQ
QR?LBQ FCPC DMP DP?EKCLR ?LB RCJJQ RFC NPMEP?K RF?R RFC A?P@ML ?LB M
5FC J?QR N?PR L CLSKCP?RCQ RFC GLBGTGBS?J $0 DP?EKCLRQ FCPC WMS BCD
MLC $0 DP?EKCLR

5FC PCAMPB DMP /G AMLR?GL Qddfavit D MNP? RRG Q@ KZNRIWKG LEERRGEQ ? DP?EKCLR ML GRQ
$) CV?KNJC @CDMPC RFC BCD?SJR ?NNJGCB RM ?JJ ?RMKQ

IMRC RF?R MLC QFMSJB SQC RFC D N?PR DMP QWKKCRPW COSGT?JCLR DP?EKC
RFC DP?EKCLRQ $0 $0 $0 ?LB $0 RM @C MD BGDDCPCLR DP?EKCLR RWNCQ
DPMK RFC Q?KC 5"1& 5FCPCDMPC "%' UGJJ ?7QQSKC QWKKCRPW /04:. GL RFC L/
PSL GL 5 % QWKKCRPW

Atoms
NiO 0 O
C-1.06 -1.06 1.06 f=CO1
C-1.06 1.06 -1.06 f=CO2
C-1.06 1.06 -1.06 f=CO3
C 1.06 -1.06 -1.06 f=CO4




O 1.71 1.71 1.71 f=CO1
0-1.71-1.71 1.71 f=CO2
0-1.71 1.71-1.71 f=CO3
O 1.71-1.71-1.71 f=CO4

End

Fragments
CO1 TAPE21co.yesterday
CO2 TAPE21co.yesterday
CO3 TAPE21co.yesterday
CO4 TAPE21co.yesterday
Ni t21ni.dzp

End

End Input

5FCPC ?PC KMPC NMQQG@GJGRGCQ UGRF RFC ICWQ ?RMKQ ?LB DP?EKCLRQ 5F(
QCARGML U?Q RM NPMTGBC ? OSGAI ?LB C?QW QR?PR

Fragment files

5FC 5"1& PCQSJR DGJCQ DPMK RFC "%' AMKNSR?RGMLQ ML RFC DP?EKCLRQ RF
AF?P?ARCPGXC RFCQC DP?EKCLRQ 5FC DP?EKC fr®yniehifles BE EQQCGKEQR @C ?RR?;
?AFGCTCB UGRF RFC ICW '3"(.&/54 4CC ?JQM RFC LCVR QCARGML DMP RFC PCJ7
'"P?EKCLR RWNC ?LB 'P?EKCLR DGJC L?KCQ

FRAGMENTS {Directory}
FragType FragFile
FragType FragFile

end
FragType

OLC MD RFC D8 BKODICRCB SLBCP ?RMKQ CGRFCP CVNJGAGRJW D DP?ERWNC
RWNC ?RMK RWNC GD RFC D MNRGML GQ LMR SQCB

FragFile

5FC DP?EKCLR DGJC RFC QR?LB?PB 5"1& PCQSJR DGJC DPMK RFC AMKNSR?}
KSQR AMLR?GL RFC AMKNJCRC N?RF PCJ?RGTC RM %GPCARMPW RFC ?PESKC|
%GPCARMPW GQ QNCAGDGCB RFGQ GQ RFC JMA?J BGPCARMPW UFCPC RFC HI
?LB EGTC QGKNJC JMA?J DGJC L?KCQ GD ?JJ RFC DGJCQ ?PC NPCQCLR GL R

0@TGMSQJW 'P?E'GJC GQ A?QC QCLQGRGTC )MUCTCP 'P?E5WNC GQ ?2JQM RPC
"50.4 ICW BGQASQQGML D MNRGML 5FC PC?QML GQ RF?R RFCPC ?PC QFMPRA
'"P?E5SWNC L?KC GL RFC ?RMKQ @JMAI GQ GKKCBG?RCJW GLRCPNPCRCB ?Q RFC

5FC ICW '3"(.&/54 K?W @C SQCB ?LW LSK@CP MD RGKCQ GL RFC GLNSR DGJC 5F
QGXC?@JC LSK@CP MD DP?EKCLR DGJCQ UGRF QS@QCRQ JMA?RCB GL BGDDCP
QCN?P?RCJW DMP C?AF BGPCARMPW RM ?TMGB RWNGLE JMLE N?RF L?KCQ DMP

DP?EKCLRQ @JMAI Q @SR RF?R ?PC LMR PCDCPPCB @W ?RMKQ ?PC GELMPCB
BSKKW ?RMKQ VYV

*R GQ ?JJMUCB RM SQC MLC ?LB RFC Q?KC DP?EKCLR DGJC DMP BGDDCPCLR DP



ATOMS
Clxlylzl
C.2x2y22z2

end

fragments

C.1 TAPE21.c
C.2 TAPE21.c

end

5UM BGDDCPCLR ?RMK RWNCQ ?LB DP?EKCLR RWNCQ $ ?LB $ ?PC BCDGLCB
RWNCQ ?PC LMU GBCLRGA?J QGLAC RFCW ?PC AF?P?ARCPGXCB @W RFC Q?KC D
MD TGCU RFCW ?PC BGDDCPCLR ?LB A?L RFCPCDMPC LMR @C QWKKCRPW COSGT

5FC PC?QML WMS K?W U?LR RM QNCAGDW BGDDCPCLR ?RMK RWNCQ UGJJ SQS?J
QWKKCRPW ?QNCARQ *D WMS ILMU GL ?BT?LAC RF?R RFC RUM ?RMK RWNCQ ?P(
ECLCP?JIJW RF?R RFCW NJ?W ? P?RFCP BGDDCPCLR PMJC GL RFC KMJCASJC GF
?QQGEL BGDDCPCLR ?RMK RWNC L?KCQ RM RFCK )MUCTCP QCC RFC LMRCQ @C

" DP?EKCLR DGJC KSQR LMR @C RFC PCQSJR DGJC MD ? QNGL SLPCQRPGARCB A
DP?EKCLR DGJC RFC NPMEP?K UGJJ BCRCAR GR ?LB ?@MPR UGRF ?L CPPMP KC
RCPKQ MD SLPCQRPGARCB DP?EKCLRQ WMS QFMSJB SQC PCQRPGARCB DP?EKC
'3"(0%$%$61"5*0/4

4SNNMQC RF?R WMS F?TC BMLC ? A AGS L1?REGAFMAMS KRWITCCABCOGLCB RUM BGDD
RWNCQ DMP ?RMKQ MD RFC Q?KC AFCKGA?J CIJCKCLR 4SNNMQC DSPRFCPKMPC
LMU ?Q ? DP?EKCLR GL ? LCU A?JASJ?RGML

:MS JGQR SLBCP ?RMKQ ?JJ ?RMKQ MD RFC KMJCASJC ?LB WMS QNCAGDW UFGAT
DP?EKCLRQ ?KMLE UFGAF RFGOKMFITARPMEBPRBKEZIIRRFCL F?TC ? NPM@JCK BCA
?RMKQ GL WMSP QWQRCK ?PC ?QQMAG?RCB UGRF RFC BGDDCPCLR ?RMK RWNCC
RFGQ @W AMKN?PGLE RFC AFCKGA?J CIJCKCLRQ 5F?R GQ LMR QSDDGAGCLR FCF
AMPPCQNMLBQ UGRF KMPC RF?mdlfta@meivRW N\MD ?IRQEAFL?RAETQC GR GQ GKNCP?R
the same atom type names GL WMSP LCU A?JASJ?RGML ?Q WMS SQCB GL RFC ECLCP?RGML
L?KCQ ?PC QRMPCB GL RFC DP?EKCLR DGJC ?LB RFCW ?P@ONPGLRCB GL RFC MES

5FC L?KCQ MD RFPCC GRCKQ K?W @C PCJ?RCB RM C?AF MR&@Pyp8B8CNCLBGLE ML
R F@gment type ? LB fRag@ent file

5FC ?RMK RWNC GQ BCDGLCB GL RFC B?R? @JMAI RM ?RMKQ

5FC DP?EKCLR RWNC GQ BCDGLCB ?JQM GL RFC B?R? @JMAI RM ?RMKQ UGRF R
RF?R BML R F?TC RFC D MNRGML RFC DP?EKCLR RWNC L?KC GQ @W BCDGLGRG

5FC DP?EKCLR DGJC GQ BCDGLCB GL RFC B?R? @JMAI RM BYPPEKICCRQ C?AF PCA
DMJIJIMUCB @W R&EC*DP?ERCERCLR RWNC GQ LMR JGQRCB GL RFC B?R? @JMAI RM
DP?EKCLR DGJC L?KC GQ QHNE€ & QD@&WBB RFELBRTEKIC GBigpeRGKECI RM RFC DP?EKCL



2.4 Model Hamiltonians

Electronic Configuration

5FC LCVR DCU ICWQ A?L @C SQCB RM QNCAGDW RFC CIJCARPMLGA AMLDGESP?R
ACPR?GL BCD?SJRQ UGJJ ?NNJW *L NPGLAGNJC RFC NPMEP?K UGJJ @W BCD?S
PCQRPGARCB MLC BCRCPKGL?LR QR?RC *D 4$' AMLTCPECLAC GQ NPM@JCK?RC
CVAGRCB QR?RC @W UFGAF GL RFGQ AMLRCVR UC KC?L ? MLC BCRCPKGL?LR
MRFCP MLC BCRCPKGL?LR QR?RC UGRF RFC Q?KC LCR QNGL NMJ?PGX?RGML *L
AMLTCPEC RM ?LW QR?RC ?R 2allhays*RCG Q (EWI MB G\WF? ARIGEGCGERIW?RGML WMS ?ARS?.
AMKNSRCB

8FCL WMS QNCAGDW ? N?PRGASJ?P AMLDGESP?RGML ?LB MP LCR AF?PEC ?LB MI
NPMEP?K UGJJ RPW RM AMKNSRC ?AAMPBGLEJW CTCL GD RFC B?R? F?TC LM NF
NPMEP?K F?Q LM ILMUJCBEC ?@MSR RFC CVGQRCLAC MD K?RCPG?JQ ?LB UGJJ C
B M

Spin: restricted vs. unrestricted

| UNRESTRICTED

ANCAGDGCQ RF?R QNGL t ?LB QNGL | .0Q K?W @C QN?RG?JJW BGDDCPCLR ?LB K
5FC BCD?SJR ?@QCLAC MD RFC ICW GQ QNGL PCQRPGARCB 5FC ICW F?Q LM 2}
AMSNJGLE GR KC?LQ RF?R ,P?KCP Q QWKKCRPW BMCQ LMR F?TC RM @C Q?RGQTL
6/3&453*$58&% QFMSJB @C SQCB GL AMK@GL?RGML UGRF RFC ICW /0/$0--*/&"3 MI

5FC SLPCQRPGARCB KMBC PMSEFJW BMS@JCQ RFC AMKNSR?RGML?J CDDMPR 5F
CJCARPMLQ PCQNCARGTCJW ?PC AMLRPMJJCB @W RFC ICWQOAFRFEEC ?LB MAASN
ICWUMPB SLPCQRPGARCB UGRFMSR CGRFCP $F?PEC MP 0AASN?RGMLQ MP @MF
NMJ?PGX?RGML 5FGQ GKNJGCQ RF?R WMS UMSJB CDDCARGTCJW NCPDMPK ? QN
AMKNSR?RGML?J CDDMPR 5FCPCDMPC RFC NPMEP?K UGJJ AFCAI RF?R GL ?L Sl
ICWQ $F?PEC ?LB 0OAASN?RGMLQ GQ ?NNJGCB

5FC SLPCQRPGARCB DC?RSREBINEQRCPEGTMIMRWIGRFGIGLELPCQRPGARCB )?PRPCH
RFC / N?PRGAJC U?TC DSLARGML GQ ? QGLEJC BCRCPKGL?LR ?LB LMR LCACQQ?|
MNCP?RMP 4

" restricted A?JASJ?RGML GKNJGCQ RFa| RFC MANMBRGRG MLPI@BSER?POPQ ?PC GBCLRGA?
?2LB QNGL |

5FC '"MAI MNCP?RMP @MRF GL ?L SLPCQRPGARCB ?LB GL ? PCQRPGARCB PSL Al
LMR SLJCQQ ?AAGBCLRCM@ RUYUGIREFB4AMLC BCRCPKGL?LR U?TC DSLARGML K?W DN
MD ? QGLEJCR ?LB ? RPGNJCR QR?RC

*L ?L SLPCQRPGARCB A?JASJ?RGMLGRFICMOUVAMMKARSRGBIIGT 7738'C IMIR € GL <
GKNJCKCLR?RGML MD ?GQ@TMBTRILGWMRCMIPETG?] %'5 GQ CQQCLRG?JIJW ? MLC N~
4 MNCP?RMP DMP RFC L N?PRGAJC QWQRCK F?Q RM @C YPGCRRCSPRAMENRLGL QGLEJ
SQCB GL "%' RM A?JASJ?RC RFC R¥IN@QARRDRIGMER GRISC? @M-2 LB RQ RFFIRBRFC

QM A?JJCB CV2ARARVISXCAM GQ NPGLRCB GL RFC "% WARNIR/@ZGQ BCDGLCB ?Q 4
/& UFCPCB @?PC RFC LSK@CP MD QNGL t ?LB QNGL | CICARPMLQ PCQNCARC(
T?JSC MG A MR A?JASJ?RCB GL ? 4NGL OP@GR AMSNJCB A?JASJ?RGML



.MJCASJCQ RF?R F?TC @CCL A?JASJ?RCB SQGLE RFC SLPCQRPGARCB DMPK?JGQ
"%' UGJJ ?@MPR UFCL WMS ?RR?AF RFC 5"1& PCQSJR DGJC DPMK ?L SLPCQRPGC

"D?GP ?NNPMVGK?RGML RM ? AMKNSR?RGML UGRF SLPCQRPGARCB DP?EKCLRQ
'3"(0$$61"5*0/4 4CC ?JQM RFC &V?KNJCQ

Unrestricted and Spin-Orbit Coupling

*L RFC A?QC MD 4NGL OP@GR AMSNJGLE RFCPC ?PC RUM U?WQ RM BM QNGL NM.
AMJJGLC?P ?NNPMVGK?RGML MP RFC LMLAMEQGLE?RFTN S PRVO/BGRKPRSRAIB<D C? RSP (
RM ?QQGEL BGDDCPCLR LSK@CPQ MD CJCARPMLQ RM ? ?LB @ QNGL PCQNCARG
GLAJSBCQ 4NGL OP@GR AMSNJGLE QGLAC RFC CJCARPMLQ ?PC LMR BGPCARJW
AMJJGLC?P ?LB LMLAMJJGLC?P ?NNPMVGK?RGML MLC QFMSJB SQC QWKKCRPW /(
CJCARPML /MRC RF?R UGRF RFC ICW $)"3(& MLC QFMSJB MLJW QNCAGDW MLC T
QFMSJB LMR QNCAGDW RFC QNGL NMJ?PGX?RGML

| COLLINEAR

5FGQ ICW GQ MLJW PCJCT?LR GL RFC A?QC MD 4NGL OP@GR AMSNJGLE 5FC ICW
/0/$0--*/&"3

*L RFC AMJJGLC?P ?NNPMVGK?RGML GL C?AF NMGLR GL QN?AC RFC QNGL NMJ?P
GL RFC BGPCARGML MD RFC X ?2VGQ ,P?KCP Q QWKKCRPW BMCQ LMR F?TC RM (
A?JASJ?RGML QFMSJB @C /04:. 5FC BCD?SJR BGPCARGML MD RFC QNGL NMJ?PG
4069 RFGQ ICW F?Q LM ?PESKCLR DMP QNGL NMJ?PGX?RGML MLJW GL RFC BGP
RFGQ ICW F?Q LM ?PESKCLR DMP QNGL NMJ?PGX?RGML MLJW GL RFC BGPCARG
406: ?PC MLJW PCJCT?LR GL RFC A?QC MD 4NGL OP@GR AMSNJGLE GL AMK@GL?|

| NONCOLLINEAR

5FGQ ICW GQ MLJW PCJCT?LR GL RFC A?QC MD 4NGL OP@GR AMSNJGLE 5FC ICW
$0--*/&"3

*L RFC LMLAMJJGLC?P ?NNPMVGK?RGML GL C?AF NMGLR GL QN?AC RFC QNGL NN
,P?KCP Q QWKKCRPW BMCQ LMR F?TC RM @C Q?RGQDGCB 4WKKCRPW SQCB GL

Net Charge and Spin polarization

5FC LCR AF?PEC MD RFC KMJCASJC ?LB RFC LCR QNGL NMJ?PGX?RGML A?L @C A
| CHARGE {NetQ {ab}}

NetQ
5FC LCR RMR?J AF?PEC MD RFC KMJCASJC

ab

5FC LCR RMR?J QNGL NMJ?PGX?RGML RFC LSK@CP MD QNGL t CIJCARPMLQ GL
GQ MLJW KC?LGLEDSJ GL ? QNGL SLPCQRPGARCB A?JASJ?RGML )MUCTCP QN
SLPCQRPGARCB 4NGL OP@GR AMSNJCB A?JASJ?RGML SQGLE RFC LML AMJJGI

*D RFC ICW GQ SQCB RFC DGPQR T?JSC GL RFC ?PESKCLR GQ ?QQGELCB RM LC
?@ *D RFC ICW GQ LMR SQCB ?R ?JJ BCD?SJR T?JSCQ ?NMION 5FC BCD?SJR DM



fragment charges: not necessarily neutralll 5FC DP?EKCLR AF?PECQ ?PC RFC LCR RMR?J AF?PECC
RFC DP?EKCLR PSLQ RFGQ GLDMPK?RGML GQ QRMPCB GL RFC DP?EKCLR DGJCQ

5FC BCD?SJR QNGL NMJ?PGX?RGML GQ XCPM

"L SLPCQRPGARCB A?JASJ?RGML UGRF ?@ DMP GLQR?LAC @W LMR QNCAGDWC
PCQRPGARCB PSL GR QFMSJB EGTC CV?ARJW RFC Q?KC ?Q RFC PCQRPGARCB A

Orbital occupations: electronic configuration, excited states

8GRF RFC ICW 0$$61"5*0/4 WMS A?L QNCAGDW GL BCR?GJ RFC ?QQGELKCLR MD ¢

OCCUPATIONS Options
{irrep orbitalnumbers
irrep orbitalnumbers

End}
Occupations

G eneral ICW GR F?Q ?L ?PESKCLR MP ? B?R? @JMAI *D WMS U?LR RM SQC @M
KSQR @C ?NNCLBCB ?R RFC CLB MD RFC ?PESKCLR

Options
.?W AMLR?GL ,CCNMP@GR?JQ 4KC?PO 'PCCXC MP 4RCCN
Keeporbitals=NKeep

6LRGJ 4$' AWAJC /ICCN CJCARPMLQ ?PC ?QQGELCB RM .0Q ?AAMPBGLE RM F
C?AF AWAJC RFC RFCL ASPPCLR MP@GR?J CLCPEGCQ MD RFC .0Q 5FCPC?D
?NNJGCB "Q QMML ?Q RFGQ GQ ?ARGT?RCB RFC NPMEP?K UGJJ ML QSAACQ
RFC .0Q RF?R K?VGK?JJW PCQCK@JC GL QN?RG?J DMPK RFMQC RF?R UCI
LSK@CP 5FC BCD?SJR DMP /ICCN GQ CVACNR

? 8FCL MP@GR?J MAASN?RGMLQ DMP .0Q ?PC QNCAGDGCB CVNJGAGRJW Gl
RFCQC ?NNJW RFPMSEFMSR

@ *L ? $PC?RC PSL DGVCB MAASN?RGMLQ ?PC BCPGTCB DPMK ? B?R?@°?QC
A 8FCL CJCARPML QKC?PGLE GQ CVNJGAGRJW RSPLCB ML @W RFC SQCP Q
GQ @W BCD?SJR QM RFC NPMEP?K UGJJ LCTCP AMKN?PC RFC QN?R
RFC MAASN?RGML LSK@CPQ

5FC PCDCPCLAC AWAJC LSK@CP GQ @W BCD?SJR RFC NPCTGMSQ AWAJC |
QN?RG?J MAASN?RGMLQ BSPGLE RFC 4% BCTCIJMNKCLR UFGJC ?R RFC MRF(
RFC KMPC MP JCQQ DPMXCL AMLDGESP?RGML PCJ?V RM QCJD AMLQGQRCLA

Freeze

OAASPPCLAC MD RFGQ UMPB GL RFC MNRGML JGQR QNCAGDGCQ RF?R RFC

LSK@CP ML UFGAF RFC ,CCNOP@GR?JQ DC?RSPC GQ ?ARGT?RCB BSPGLE ?.
NPMEP?K UGJJ ?QQGEL CJCARPMLQ RM .0Q RF?R PCQCK@JC RFC .0Q MD RF
SQCB UFCL RFC .0Q MD RF?R AWAJC ?PC ?JPC?BW PC?QML?@JW AJMQC RM
SLU?LRCB QRCN @W QRCN AF?PEC RP?LQDCPQ DPMK MAASNGCB RM CKNRW
CLCPEW #W BCD?SJR RFGQ MNRGML GQ LMR ?ARGTC

Smearg=Smearl[,Smear2,Smear3,...,Smearl0]



4KCRRGQ F?JD RFC CLCPEW UGBRF GL F?PRPCCQ MTCP UFGAF CJCARPMLQ
JGC ?PMSLB RFC DCPKG JCTCJ ?LB RF?R ?PC AJMQC GL CLCPEW 4KC?PGLE
4%' F?7Q NPM@JCKQ AMLTCPEGLE O0OLC QFMSJB @C UCJJ ?2U?PC RF?R RFC NF
M@R?GLCB UGRF QKC?PCB MAASN?RGMLQ GQ SLAJC?P RM CVNPCQQ GR KG
FSPBJC GL ? ECMKCRPW MNRGKGX?RGML

#W BCD?biid REKEC?P N?P?KCRCP GQ XCPM G C QKC?PGLE GQ LMR ?NNJGCB
?SRMK?RGA?JIJW @W RFC NPMEP?K UFCL 4%$' AMLTCPECLAC GQ DMSLB RM @
MNRGKGX?RGML RWNC ?NNJGA?RGML QGKNJC MNRGKGX?RGML JGLC?P RP!
GQ LMR WCR AMLTCPECB

:MS A?L PGEMPMSQJW NPMFG@GR ?LW QKC?PGLE @W QNCAGDWGLE GR CVN
QNCAGDWGLE RFC QKC?P N?P?KCRCP K?ICQ RFC NPMEP?K RM ?NNJW GR ?J
QNCAGDGCB T?JSC

8FCL ? AMKK? BCJGKGRCB JGQR MD T?JSCQ GQ QNCAGDGCB ?DRCP 4%' F?Q
RFC JGQR GQ NGAICB ?LB RFC 4% GQ AMLRGLSCB 5FGQ U?W MLC A?L QNCA
T?JSCQ RM ECR QMPR MD ?LLC?JGLE CDDCAR /05& /M QN?ACQ ?PC ?JJMUC
DMP 4KC?PO

Steep=Lambda[,Nmax]

5FC MAASN?RGML LSK@CP DMP C?AF MP@GR?JQ ?PC SNB?RCB ?AAMPBGLE |
8 "TCPGJJ ?LB ( 4 1?GLRE6P 1FWQ 3GISPGLE ?L 4%' AWAJC RFC MAASN?R
LSK@CP DMP C?AF LCU MP@GR?J GQ GLGRG?JJW BCRCPKGLCB @W BCAMKN
MP@GR?JQ 5FCL RFC MAASN?RGML LSK@CPQ ?PC KMBGDGCB QM RF?R RFC
BCAPC?QC

5FC -?K@B? N?P?KCRCP EGTCQ RFC AMCDDGAGCLR DMP RFC AF?PEC RP?LQ
N?P?KCRCP /K?V GQ ?L ?BBGRGML?J JGKGR DMP RFC ?KMSLR MD RFC AF?F
DMP C?PJW QRCNQ MD AWAJC UFCL RFC -?K@B? N?P?KCRCP EGTCQ RMM J?
PCQSJRQ GL GPPCESJ?P @CF?TGMP GL 4$" AMLTCPECLAC *L RFC A?QC MD
QFMSJB K?IC KGVGLE ?LB -?K@B? QK?JJCP 'PMK MSP CVNCPGCLAC [/K?V
5FGQ KCRFMB QFMSJB @C SQCB UGRF RSPLGLE MDD %**4 KCRFMB %**4 /
N?P?KCRCP GL 4%$' AWAJC GQ ?JQM GKNMPR?LR 5FGQ MNRGML GQ CQNCAG"
0S?QG BCECLCP?RC MP@GR?JQ ?PMSLB 'CPKG JCTCJ 'MP GLQR?LAC AJSQ!
SQS?JJW QSDDCP DPMK B?LEJGLE @MLBQ ?LB QFMSJB @C AMLTCPECB UGRI
AMLTCPECLAC GQ ?L GLRPGLQGA DC?RSPC MD RFGQ KCRFMB QM MLC QFMS
MD 4% AWAJCQ Q°?W MP CTCL BCNCLBGLE ML RFC AJSQRCP QGXC

irrep

5FC L?KC MD MLC MD RFC GPPCBSAG@JC PCNPCQCLR?RGMLQ LMR ? QS@QNC
4CC RFC "NNCLBGVY DMP RFC GPPCN L?KCQ ?Q RFCW ?PC SQCB GL "%'

orbitalnumbers

" QCPGCQ MD MLC MP KMPC LSK@CPQ RFC MAASNHNELRB@RIGCR3K@ GE @R BMP GFRCCC
5FC MP@GR?JQ ?PC MPBCPCB ?AAMPBGLE RM RFCGP CLCPEW CGECLT?JSC FC
MAASN?RGML LSK@CP XCPM

‘'MP BCECLCP?RC PCNPCQCLR?RGMLQ QSAF ?Q RFC BGKCLQGML?J & PCNPCQ
PCNPCQCLR?RGMLQ WMMKSBR?’RGML REC RFC QSK MTCP RFC N?PRLCP PCNTF
?QQGELQ C?AF N?PRLCP ?L MAASN?RGML COS?J RM RFC ?NNPMNPG?RC DP?AF

*L ?L SLPCQRPGARCB A?JASJ?RGML RUM QCOSCLACQ MD LSK@CPQ KSQR @C
QCOSCLACQ ?PC QCN?P?RCB @W ? BMS@JC QJ?QF SFC DGPQR QCR MD LS
MP@GR?JQ RFC QCAMLB QCR RM RFC QNGL | MP@GR?JQ /MRC RF?R RFGQ GC



OP@GR AMSNJCB A?JASJ?RGML SQGLE RFC LML AMJJIJGLC?P ?NNPMVGK?RGML
MD MAASN?RGML LSK@CPQ DMP C?AF GPPCN

IMRCQ ?@MSR RFC MAASN?RGMLQ B?R? @JMAI

g 8FCL QNCAGDWGLE CJCARPML AMLDGESP?RGMLQ ?JJ T?JCLAC CJCARPML
?QQGELCB RM .0Q
?LB RFC @JMAI DMPK MD RFC 0$$61"5*0/4 ICWUMPB KSQR @C SQCB
*L RFGQ AMLR C WRaleRcE €Eleétighns £C B RF Clakefce orbitals GQ LMR LCACQQ?PGJIJW
GBCLRGA?J
RM UF?R WMS K?W LMPK?JJW ?QQSKC RM @C RFC T?JCLAC QN?AC MD ?L ?
5FC KC?LGddhcBQ FCPC QRPGARJW BCDGLCB ?Q UF?RCTCP CJCARPMLQ ?F
*R BCNCLBQ RFCPCDMPC ML RFC JCTCJ MD DPMXCL AMPC ?NNPMVGK?RGM
5FGQ RP?ACQ @?Al RM RFC $PC?RC PSLQ GL UFGAF RFC @?QGA ?RMKQ U
@SGJB RFC KMJCASJC

g 8FCL DMP QMKC GPPCN RFCPC GQ ? P?RFCP JMLE JGQR MD MAASN?RGML |
consecutive fully occupied QR?RCQ WMS A?L AMK@GLC RFCQC LSK@CPQ ?LB CLRCP
?BD ILMUQ RFC K?VGKSK MAASN?RGML DMP ?L GPPCN ?LB UFCL WMS NSR
UGJJ QNJGR GR SN
'MP GLQR?LAC GD pWHMGCGNEPETXCCDMPRBMA GL ? QGLEJC ?RMK A?JASJ?RGML
1
?BD UGJJ GLRCPNPCR RFGQ ?Q
1
G C RFC MAASN?RGML LSK@CP GQ GLRCPNPCRCB ?Q BCLMRGLE RUM D¢
PCK?GLGLE DGTC
CIJCARPMLQ GL RFC LCVR FGEFCP QFCJJ
5FGQ CV?KNJC ?2JQM GJJSQRP?RCQ FMU RM QNCAGDW ?L CVAGRCB QR?RC
RFGPB N QFCJJ

g 'P?ARGML?J MAASN?RGML LSK@CPQ GL GLNSR ?PC ?2JJMUCB 'MP ? BGQAS
DP?ARGML?J MAASN?RGML AIBEK®ERPQECCICL ?2JIJMUQ WMS RCAFLGA?JIW
GLRCECP
RMR?J LSK@CP MD CJCARPMLQ UF?RCTCP RFC NFWQGA?J KC?LGLE MD Q¢

g 5FC B?R? @JMAI MD MAASN?RGMLQ GQ LMR N?PQCB QCC RFC QCARGML *I
5FC NPMEP?K BMCQ LMR PCNJ?AC CVNPCQQGMLQ @W RFCGP T?JSC ?LB G|
DSLARGMLQ
BCDGLCB UGRF RFC BCDGLC ICW

g *L ? 'PCOSCLAGCQ PSL RFC QWKKCRPW SQCB GLRCPL?JJW GL RFC NPMEP"
4AFdLDJIGCQQ
QWK@MJ GL RFC GLNSR DGJC "Q ? AMLQCOSCLAC RFC NPMEP?K UGJJ PC/
RFC MLJW GPPCN GL LMQWK @SR LMR RFC PCNPCQCLR?RGMLQ @CJMLE
5FC QWKKCRPW GL RFC COSGJG@PGSK ECMKCRPW BCDGLCB @W RFC GL
CLF?LAC
CDDGAGCLAW ?LB QR?@GJGRW GL RFC AMLQRPSARGML MD RFC K?RPGV M

IMRCQ ?@MSR RFC MAASN?RGMLQ MNRGMLQ

g 8FCL MAASN?RGML LSK@CPQ ?PC CVNJGAGRJW BCDGLCB TG? RFC @JMAI |
ICWUMPB
RFC 4KC?PO MNRGML A?LLMR @C SQCB

g 5FC ?SD@?S NPGLAGNJC BMCQ LMR BCRCPKGLC MP ?BHSQR RFC BGQRPGC
QNGL |
GL ?L SLPCQRPGARCB A?JASJ?RGML 5FGQ ?QNCAR GQ AMLRPMJJCB @W R
MAASN?RGMLQ GL
RFC B?R? @JMAI MD MAASN?RGMLQ



g 8FCL MAASN?RGML LSK@CPQ ?PC LMR QNCAGDGCB ?LB LM 4KC?PGLE GQ C
RFC NPMEP?K UGJJ RSPL ML QKC?PGLE ?SRMK?RGA?JIJW UFCL RFC 4%' F?C
NPM@JCKQ GL ?L ?RRCKNR
RM MTCPAMKC RFMQC NPM@JCKQ @SR MLJW GL ? ECMKCRPW MNRGKGX?F
RP?LQGR CRA
*D QSAF F?NNCLQ RFC NPMEP?K PCQRMPCQ RFC MPGEGL?J QGRS?RGML L

4%’

*L 2SRMK?RGA QKC?PGLE RFC QKC?P N?P?KCRCP GQ GLGRG?RCB ?R F
NPMEP?K

@CRUCCL ?LB F?PRPCC 5FC ?SRMK?RGA SQC MD QKC?PGLE @W RF

NPMFG@GRCB @W CVNJGAGRJW QCRRGLE RFC QKC?P MNRGML UGRF T?JS

g 4KC?PGLE A?LLMR @C SQCB GL AMK@GL?RGML UGRF RFC ICCNMP@GR?JQ
5FGQ MNRGML RFCPChtthR: QKT FREIFH GIMRPMS@JCQMKC 4% Q BSPGLE ?L
MNRGKGX?RGML

CHARGE vs. OCCUPATIONS

5FC AMLRCLRQ MD RFC B?R? @JMAI MD MAASN?RGMLQ GD SQCB BCDGLCQ RFC
FCLAC RFC LCR RMR?J AF?PEC *L ?L SLPCQRPGARCB PSL GR ?JQM BCDGLCQ RF
GQ ?2JQM SQCB RFC NPMEP?K UGJJ AFCAI RF?R @MRF QNCAGDGA?RGMLQ ?PC Al

8C QRPMLEJW PCAMKKCLB RM CKNJMW RFGQ ?LB ?2JU?WQ QNCAGDW RFC LCR RM
AF?PEC UFCLCTCP CVNJGAGR MAASN?RGML LSK@CPQ ?PC QSNNJGCB UGRF MAA.
RF?R WMSP MAASN?RGML LSK@CPQ PCQSJR GL RFC RMR?J AF?PEC ?LB QNGL NM

Create mode

*L $PC?RC KMBC MAASN?RGML LSK@CPQ ?PC NPCBCDGLCB QCC "NNCLBGV &
RFCQC ?PC ?NNJGCB SLJCQQ WMS QNCAGDW MAASN?RGMLQ GL GLNSR WMSPQC.J
?SD@?S AMLDGESP?RGML *L $PC?RC KMBC RFC NPMEP?K ?2JU?WQ MNCP?RCQ ?Q

Frozen core vs. pseudopotentials

1QCSBMNMRCLRG?JQ ?PC LMR QSNNMPRCB 5FC DPMXCL AMPC ?NNPMVGK?RGML
KMBC A?JASJ?RGML ?LB GQ BCDGLCB @W RFC @?QGA ?RMKGA DP?EKCLRQ 5FC
QNCAGDGCQ RFC DPMXCL AMPC DMP RFC ?RMK UFGAF GQ RFCL SQCB GL ?JJ KM
DP?EKCLR

Spin-polarized start-up potential

5FC $MSJMK@ ?LB 9% CVAF?LEC AMPPCJ?RGML NMRCLRG?JQ ?PC AMKNSRCB L
AF?PEC BCLQGRW QCC $F?NRCP

5FC DGR AMCDDGAGCLRQ MD RFGQ ?NNPMVGK?RGML DMP RFC DGPQR 4%$' AWAJC
PC?B DPMK RFC DP?EKCLR DGJCQ RFC QR?PR SN BCLQGRW GQ AFMQCL ?Q ? QS
?NNPMVGK?RGMLQ ?LB RFGQ AMK@GLCB BCLQGRW BCDGLCQ RFC GLGRG?J NMR

*L RFC 4%$' PCQR?PR PSL RFC DGR AMCDDGAGCLRQ K?W @C PC?B DPMK RFC ?RR

*L QMKC ?NNJGA?RGMLQ WMS K?W U?LR RM KMBGDW RFC GLGRG?J DGR AMCDDG
DGJCQ b5FGQ GQ ?AFGCTCB UGRF RFC ICW .0%*':45"35105&/5*"- *R ?2JIMUQ WMSES



?Q RM PCNPCQCLR SQCP AFMQCL ?KMSLRQ MD QNGL t ?LB QNGL | DGR BCLQGRW
UGJJ ?BHSQR RFC QNGL t ?LB QNGL | GLGRG?J NMRCLRG?JQ

5FGQ MNRGML ? Nrifest@ciQ APLUABIRRGMLQ MD AMSPQC *R K?W @C SQCB RM FCJIN F
N?PRGASJ?P QR?RC 5FGQ KGEFR DMP GLQR?LAC @C F?PB RM DGLB MRFCPUGC
QGRS?RGML *R K?W ?2JQM @C SQCDSJ RM QNCCB SN RFC 4%' AMLTCPECLAC GL A
BGQRPG@SRGML MD QNGL t ?LB QNGL | BCLQGRW MTCP RFC KMJCASJC UGJJ 2NN

MODIFYSTARTPOTENTIAL {specification}
{ frag alfa // beta
frag alfa // beta

end}
ModifyStartPotential

"general ICW GR F?Q ?br?PE3KTIGRIMAI
specification

.SQR t@AQ@umbers "41*/ ?LB #41*/ GD NPMTGBCB ?R ?JJ 5FCW QNCAGDW RFC PC.
?LB QNGL | DGR BCLQGRW RM BCDGLC RFC QNGL BCNCLBCLR NMRCLRG?J ?R F
PCRPGCTCB DPMK RFC DP?EKCLR DGJCQ MP DPMK RFC PCQR?PR DGJC GL A?(
5FGQ UGJJ LMRal?TKIMCSARR MHEEC DGR BCLQGRW RFC ?@QMJSRC T?JSCQ MD "41*/ °
MLIJW RFCGP P?RGM

*L AQC MD ? PCQR?PR PSL RFC PCQR?PR BgBidted ASQRSE? RG MLC AILFECC PR CB
AMLRGLS?RGML PuitesKiS€g RV @CC ? L

*D LM ?PESKCLR GQ EGTCL ? B?R? @JMAI KSQR @C QSNNJGCB UGRF PCAMPBQ D
5FGQ GQ TCPW KSAF QGKGJ?P RM RFC K?GL MNRGML UGRF "41*/ ?2LB #41*/ WMS
QCN?P?RCJIJW DMP C?AF DP?EKCLR 5FGQ GLTMJTCQ QMKCUF?R KMPC GLNSR @S
GLGRG?J NMRCLRG?J "E?GL RFGQ A?L @C ?NNJGCB MLJW GL ?L SLPCQRPGARCE
RFC ?DDCARCB DGR AMCDDGAGCLRQ ?PC RFMQC DPMK RFC DP?EKCLR DGJCQ U
?LB PCNJ?ACB @W RFC AMCDDGAGCLRQ ML RFC 5"1& PCQR?PR DGJC

&?AF JGLC QNCAGDGCQ ? DP?E UGRF GRQ AMPPCQNMLBGLE "41*/ ?LB #41*/ DGR
DP?EKYP& RRFC QNCAGDGCB "41*/ #41*/ GQ ?NNJGCB RM ?JJ GLBGTGBS?J DP?EKC|
individual DP?EKCLR A?L @C QNCAGDGCB SQGLE RECDBRRCR MRCPAEIRG\CN.CMLL CUFICE® R F
RMR?J LSK@CP MD DP?EKCLRQ MD RF?R RWNC *L QSAF ? A?QC RFC "41*/ #41*/ I
DP?EKCLR UFGJC BGDDCPCLR T?JSCQ K?W @C QSNNJGCB DMP RFC MRFCP DP?E|
*R GQ ?JJMUCB RM QNCAGDW DMP ACPR?GL DP?EKCLR RWNCQ GLBGTGBS?J DP?|
RWNC %SNJGA?RC QNCAGDGA?RGMLQ ?PC LMR ?JJMUCB ?L GLBGTGBS?J DP?EK
RWNC GQ ?JQM QNCAGDGCB ?Q ? UFMJC

*D RFC B?R? @JMAI DMPK GQ SQCB MLJW RFC DGR AMCDDGAGCLRQ MD RFC PCL
PCDCPCLACB DP?EKCLRQ RFC DGR BCLQGRGCQ ?PC SQCB ?Q RFCW ?PC BCDGLC

5FC 4%$' AMLTCPECLAC MD ? QNGL SLPCQRPGARCB A?JASJ?RGML SQS?JJW GKNPN
AMPPCQNMLB RM RFC AMPPCAR P?RGM MD QNGL t ?LB QNGL | CIJCARPMLQ #W B
RFC QNGL PCQRPGARCB QR?PR BCLQGRW MD RFC DP?EKCLRQ MP PCQRPGARCB

5FC RMR?J ?KMSLR MD DGR BCLQGRW SQCB ML RFC DGPQR GRCP?RGML GQ BCD!
BCLQGRW ML RFC PCQR?PR DGJC b5FGQ K?W @C BGDDCPCLR DPMK RFC RMR?J |
RFC QCAMLB 4%' AWAJC RFC DGR BCLQGRW UGJJ GLRCPL?JJW @C LMPK?JGXCB
CJCARPMLQ



5FC @JMAI DMPK MD RFC ICW K?ICQ RFC QR?PR SN MD @PMICL QWKKCRPW A?JA
U?LR RM QR?PR ? A?JASJ?RGML GL @PMICL QWKKCRPW UGRF QNGL t BCLQGRW |
?LMRFCP CE GL ? QNGL SLPCQRPGARCB A?JASJ?RGML MD ) ?R J?PEC QCN?P?
QWQRCKQ CE DMP K?ELCRGA AMSNIJGLE @CRUCCL QNGL NMJ?RGXCB K?ELCRG
QR?PR UGRF MNNMQGRCJW NMJ?PGXCB 'C ACLRCPQ @SR UGRF DMP GLQR?LAC
SLNMJ?PGXCB 4CC ?2JQM RFC / Q?KNJC PSL GL RFC CV?KNJCQ

Unrestricted fragments

5FC DP?EKCLRQ DPMK UFGAF RFC KMJCASJC GQ @SGJR KSQR @C QNGL PCQRPG
PCQSJR DGJCQ MD QNGL PCQRPGARCB A?JASJ?RGMLQ 'MP NSPNMQCQ MD ?L?JV
?NNJGA?RGMLQ RM @SG iBPWERBP KARCR DFPC DRMIRQ 5FGQ A?L @C QGKSJ?RCB ?

:MS RCJJ ?BD RF 2RaMRFE DPI2ERGLRQ ?Q GD RFCW UCPC SLPCQRPGARCB RFGQ /
BSNJGA?RC RFC MLC CJCARPML MP@GR?JQ MD RFC DP?EKCLR MLC QCR DMP QN
QNCAGDW MAASN?RGML LSK@CPQ DMP RFCQC QNGL SLPCQRPGARCB DP?EKCLRQ
DPMK QNGL | MP@GR?JQ

0D AMSPQC RFC SLPCQRPGARCB DP?EKCLRQ RF?R WMS SQC GL RFGQ U?W ?PC
QNGL t ?LB QNGL | CJCARPMLQ SQS?JJW PCQSJR GL BGDDCPCLR QN?RG?J MP@G
QNGL t ?LB QNGL | UFCL WMS EM RM QCJD AMLQGQRCLAW UFGJC FCPC WMS F?T
ICTCPRFCJCQQ GR GQ MDRCL ? D?GP ?NNPMVGK?RGML UFGAF EGTCQ WMS ? AMI
NMQQG@GJGRGCQ

FRAGOCCUPATIONS
fragtype
irrep spin-a // spin-b
irrep spin-a // spin-b

subend
fragtype

irrep spin-a // spin-b
subend

end

fragtype

OLC MD RFC DP?EKCLR RWNCQ ?LB DSLARGMLQ ?Q ? @JMAI RWNC QS@ICW &
UGRF RFC QR?LB?PB CLB AMBC DMP @JMAI RWNC QS@ICWQ QS@CLB

irrep

OLC MD RFC GPPCBSAG@JC PCNPCQCLR?RGMLQ GPPCNQ DMP RFC NMGLR EP
AMKNSR?RGML MD RF?R DP?EKCLR

spin-a // spin-b
5UM QCOSCLACQ MD MAASN?RGML LSK@CPQ UFGAF UGJJ @C ?NNJGCB RM RF

'P?EKCLR OP@GR?JQ 5FC QCOSCLACQ KSQR @C QCN?P?RCB @W ? BMS@JC Q:
QNCAGDGA?RGML MD MAASN?RGML LSK@CPQ DMP RFC MTCP?JJ QWQRCK ICW



5FC QSK MD QNGL t ?LB QNGL | MAASN?RGMLQ KSQR DMP C?AF DP?EKCLR MP@C
RM RFC RMR?J PCQRPGARCB MAASN?RGML MD RF?R MP@GR?J ?Q GR GQ QRMP
MLJW AF?LEC RFC BGQRPG@SRGML MTCP QNGL t ?LB QNGL | CICARPMLQ UGRFG

8GRFMSR RFGQ PCQRPGARGML RFC QN?RG?J BGQRPG@SRGML MD RFC RMR?J (
@C AF?LECB JC?BGLE RM ?L GLAMPPCAR @MLBGLE CLCPEW ?L?JWQGQ ?DRCP R

5FC B?R? @JMAI MD DP?EMAASN?RGMLQ GQ LMR N?PQCB DMP CVNPCQQGMLQ ?L
BCDGLC "LW QSAF GRCKQ UGJJ LMR @C PCAMELGXCB ?LB LMR @C PCNJ?ACB @

#C ?U?PC RF?R GL KMPC BGKCLQGML?J GPPCNQ C R RFC LSK@CP MD CJCARPNM
RFC BGKCLQGML MD RFC GPPCN RGKCQ RFC MLC CJCARPML MP@GR?J MAASN?R(

'MP GPPCNQ RF?R ?PC LMR KCLRGMLCB GL RFGQ GLNSR @JMAIl ?LB FCLAC DMP
KCLRGMLCB ?R ?JJ RFC QNGL t ?LB QNGL | MAASN?RGMLQ UGJJ @C QCR COS?1J
ML RFC PCQRPGARCB DP?EKCLR DGJC

"MP ?L CV?KNJC MD ?NNJWGLE RFGQ MNRGML QCC <
Remove Fragment Orbitals

#W BCD?SJR ?JJ DP?EKCLR MP@GR?JQ RFC .0Q MD RFC DP?EKCLR AMKNSR?RG N
?PC SQCB ?Q @?QGQ DSLARGMLQ DMP RFC MTCP?JJ KMJCASJC QCC $F?NRCP
DP?EKCLR MP@GR?JQ DPMK RFC @?QGQ QCR MD RFC KMJCASJC 5FGQ K?W @C !
QRSBW RFC CDDCAR MD BCJCRGLE ?JJ TGPRS?J .0Q MD ? N?PRGASJ?P DP?EKCLI
OP@GR?J 7?PG?RGML *R K?W ?JQM CLF?LAC RFC CDDGAGCLAW QGLAC WMS CD|
@SR WMS QFMSJB @C ?2U?PC MD RFC NMRCLRG?J CDDCARQ ML RFC PCQSJRQ

REMOVEFRAGORBITALS
fragtype

subspecies nremove
subspecies nremove

subend
fragtype
subspecies nremove
subend
(etc.)

end

fragtype

OLC MD RFC DP?EKCLR RWNCQ GL RFC QWQRCK "LW QS@QCR MD RFC ?T?2GJ?¢
?2Q0 QS@ICW 5FC QS@ICWQ ?PC @JMAI RWNC ICWQ RFCGP B?R? @JMAIQ CLB «

subspecies

OLC MD RFC QS@QNCAGCQ MD RFC GPPCBSAG@JC PCNPCQCLR?RGMLQ MD RFC
RFC A?JASJ?RGML MD RFC DP?EKCLR GRQCJD 5FGQ PCOSGPCQ MD AMSPQC R
SQCB DMP RFC DP?EKCLR A?JASJ?RGML



nremove

5FC LSK@CP MD DP?EKCLR MP@GR?JQ MD RFC NCPR?GLGLE PCNPCQCLR?RGM
DMP RFC MTCP?higesv GRCELGFEW CGECLT?JSC LPCKMTC MP@GR?JQ ?PC BGQ
P C K Mtadpied DP?EKCLR MP@GR?JQ

#W BCD?SJR MKGQQGML MD RFC ICW ?JJ DP?EKCLR MP@GR?JQ ?PC SQCB GL R
Important Note

*R GQ GKNCP?RGTC RF?R ?LW PCKMT?J MD DP?EKCLR MP@GR?JQ UGJJ LMR @PC
AMLQGBCP?RGML GQ PCJCT?LR UFCL DMP GLQR?LAC RUM BGDDCPCLR QS@QNCA
BGDDCPCLR N?PRLCP QS@QNCAGCQ GL MLC MD RFC GPPCNQ MD RFC KMJCASJC
MP@GR?J GL QSAF ? DP?EKCLR QS@QNCAGCQ GRQ N?PRLCP MP@GR?J QFMSJB
K?W MAASP MP RFC PCQSJRQ UGJJ QGKNJW @C UPMLE 2SGRC JGICJW RFC NPM
MAASP MLJW GL RFC DGL?J ?L?JWQGQ QR?EC MD RFC A?JASJ?RGML QM RF?R ?

&V?KNJC AMLQGBCP ? QGLEJC ?RMK DP?EKCLR AMKNSRCB GL ?RMK QWKKCRPW
KMJCASJC ?LB ?QQSKC RF?R RFC NV ?LB N W DP?EKCLR MP@GR?JQ AMLRPG@SH
QS@QNCAGCQ MD RFC KMJCASJC 5FCL UFCL WMS PCKMTC MLC MP KMPC N V DF
PCKMTC RFC Q?KC LSK@CP MD N W DP?EKCLR MP@GR?JQ 1P?ARGA?J A?QCQ K?
WMS SQC RFGQ ICW K?IC QSPC RF?R WMS TC DSJJW ?L?JWXCB ?LB SLBCPQRMM
RFC KMJCASJ?P QWKKCRPW PCNPCQCLR?RGMLQ )GLR PSL RFC KMJCASJC UGR
?LB QRMN ?R ?L C?PJW QR?”EC ?DRCP RFC NPMEP?K F?Q AMKNSRCB ?LB NPGLRC
DPMK RFC DP?EKCLR MP@GR?JQ 5M AMLRPMJ C?PIJW ?@MPRQ TG? GLNSR SQC

Core Potentials

*L RFC QR?LB?PB ?NNPM?AF RFC $MSIJMK@ NMRCLRG?J ?LB RFC AF?PEC BCLQGF
AMKNSRCB DPMK RFC DPMXCL MLC CJCARPML MP@GR?JQ ?BD QRMPCQ RFC AMK
C?AF ?RMK RWNC GL RFC KMJCASJC ML ? DGJC 5"1& "JRCPL?RGTCJIJW WMS K?\
?2LB BCLQGRGCQ 5FC DGJC KSQR F?TC RFC Q?KC QRPSARSPC ?2Q RFC QR?LB?PB
QCARGMLQ C?AF UGRF RFC AMPC GLDMPK?RGML DMP MLC RWNC MD ?RMK 8GRI
RFC AMPC DGJC ?LB MNRGML?JJW UFGAF QCARGMLQ NCPR?GL RM RFC BGQRGL
ICW RF?R A?L @C SQCB ?Q ? QGKNJC ICW MP ?2Q ? @JMAI ICW

4GKNJC ICW
COREPOTENTIALS corefile
#IJMAI ICW

COREPOTENTIALS corefile &
atomtype index
atomtype index

encij"
corefile

5FC DGJC UGRF AMPC NMRCLRG?JQ ?LB AF?PEC BCLQGRGCQ 5FC L?KC K?W A
atomtype

OLC MD RFC ?RMK RWNC L?KCQ ?Q BCDGLCB @W ?RMKQ
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RFC MAASN?RGMLQ ICW 5FC GPPCN J?7@CJQ KSQR AMPPCQNMLB RM RFC JMUCI
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T?JSCQ AMPPCQNMLBGLE RM FMU RFC KSJRGNJCR QR?RCQ ?PC AMK@GL?RGML(
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QMKCUF?R MSRB?RCB -# RMREBRRBGCIKR PCESJ?RCB ?QWKNRMREERPMPPCARGN
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QSNCPGMP RM RFMQC M@R?GLCB UGRF -%"DMPP(PNNMRELREGNMIQ RM@CC 3CD <
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UMPQC DMP BCCN JWGLE AMPC MP@GR?J CLCPEGCQ " RFCMPCRGA?J CVNJ?L?R!
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*L NPGLAGNJC WMS K?W QNCAGDW BGDDmEaRUFSIARBERCPE RIM @ B S QB JDM P
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NMRCLRG?J ?LB CLCPEW PCQNCARGTCJW 5UM PC?QMLQ FMUCTCP K?W JC?B M

g 5FC CT?JS?RGML MD R R@teffial TP R?REFE RFRGKC AMLQSKGLE
5FC CDDCAR MD RFC ((" RCPK GL RFC NMRCLRG?J ML RFC QCJD AMLQGQR
J?PEC
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MP TGAC TCPQ? O5FGQ GQ ? P?RFCP QNCAG?J A?QC GLRCLBCB NPGK?PG
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" T?JSC 1MRCLRG?J UGJJ ?2JQM @C ?AACNRCB ?LB GQ COSGT?JCLR RM 4%’
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VWN RFC N?P?KCRCPGX?RGML MD CIJCARPML E?Q B?R?=-E®MPK®IW TRRONG MALGJI
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mPWx RFC KMBGDGCB 18 CVAF?LEC AMPPCARGML NPMANMQCB GL @W "B?KN
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LB94 RFGQ PCDCPQ RM RFC 9%$ DSLARGML?J MD 7?L -CCSUCL ?LB #?CPCLBQ <
KTTL, RFGQ PCDCPQ RM RFC ,5 DSLARGML?J MD ,C?J ?LB 5MXCP <

KT2 RFGQ PCDCPQ RM RFC ,5 DSLARGML?J MD ,C?J ?LB 5MXCP <
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QFMSJB @C SQCB GL AMK@GL?RGML UGRF RFCQC ICWQ *R GQ ?JQM LMR ?BT(
AMK@GL?RGML UGRF RFCQC NMRCLRG?JQ 'MP CLCPEW ?L?JWQGQ UC PCAMKEK
*R GQ ASPPCLRJW LMR NMQQG@JC RM BM ? $PC?RC PSL UGRF RFCQC NMRCLR
"%' A?JASIJI?RGML UGRF RFCQC NMRCLRG?JQ RFMSEF SQGLE ? PCESJ?P 5"1&
?Q GLNSR

LB94 RFGQ PCDCPQ RM RFC 9% DSLARGML?J MD ¥RCP-C @8 CCLM?QE M?EPRC BOQ RP
DMP RFC &VAF?LEC ?LB $MPPCJ?RGML N?PRQ PCQNCARGTCJW MD -# 6QS?2JJ
EGTC PCQSJRQ QSNCPGMP RM -#

GRACLB RFC EP?BGCLR PCESJ?RCB ?QWKNRMRGA AMPPCARGML UFGAF GL RFC
-# NMRCLRG?R PCOSGPCQ ? DSPRFCP ?PESKCLR RFC GMLGX?RGML NMRCLR!
SLGRQ 5FGQ QFMSJB @C CQRGK?RCB MP M@R?GLCB CVRCPL?JIJW MP A?JAS]J
CLCPEW A?JASJ?RGMLQ

SAOP RFC QR?RGQRGA?J ?TCP?EC MD MR AT RAL NSVMKBLREBPIDIE CICARPML A?JA
MLIJW *R UGJJ @C CVNCLQGTC DMP J?PEC KMJCASJCQ @SR PCOSGPCQ LM Ds

IP QFMSJB @C QSNNJGCB MLJW GD (3"$-# GQ QNCAGDGCB
HARTREEFOCK
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):#3*% ICW QFMSJB @C SQCB GL AMK@GL?RGML UGRF RFGQ ICW /MRC RF?R G
)?PRPCC '"MAI CVAF?LEC GL AMK@GL?RGML UGRF DPMXCL AMPCQ QGLAC ?R R
?PC LMR GLAJSBCB GL RFC )?PRPCC 'MAI CVAF?LEC MNCP?RMP 5FC GKNJCKC
CV?AR CVAF?LEC )?PRPCC 'MAlI CVAF?LEC UFGAF GQ ?JQM LCCBCB DMP RFC



UMPI @W 8?RQML CR ?4L "« CIMLC A?L BM SLPCQRPGARCB )?PRPCC "MAI A?JAS.
MLC F?Q GLRCECP MAASN?RGML LSK@CPQ 30)' GQ LMR GKNJCKCLRCB GL "%'
%&1&/%&/%$: ICW GQ QUGRAFCB ML DMP )?PRPCC 'MAI CVAF?LEC GL MPBCP RM
NPM@JCKQ QCC ?2JQM RFC "%%%*''64&'*5 ICW :MS ?2JQM LCCB RM GLAJSBC )~?
APC?RC PSL MD RFC ?RMKQ UFGAF GQ BMLC ?SRMK?RGA?JJW GD WMS SQC R
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4ANCAGDGCQ RF?R ? FW@PGB DSLARGML?J QFMSJB @C SQCB BSPGLE RFC 4%’

)"353&&'0%, ICW QFMSJB @C SQCB GL AMK@GL?RGML UGRF RFGQ ICW /MRC RI
SQC )?PRPCC '"MAI CVAF?LEC GL AMK@GL?RGML UGRF DPMXCL AMPCQ QGLAC
MP@GR?JQ ?PC LMR GLAJSBCB GL RFC )?PRPCC '"MAI CVAF?LEC MNCP?RMP *L
A?JASIJ?RGML UGRF RFCQC FW@PGB DSLARGML?JQ ?Q JMLE ?Q MLC F?Q GLR(
GKNJCKCLRCB GL "%' MLJW 6)' /MRC RF?R RFC %&1&/%&/%$: ICW GQ QUGRAFC
GL MPBCP RM AGPASKTCLR LSKCPGA?J NPM@JCKQ QCC ?2JQM RFC "%%%*''64&
RFC Q?KC FW@PGB DSLARGML?J GL RFC APC?RC PSL MD RFC ?RMKQ UFGAF G
#"4*4 ICW

5FC FW@PGB A?L @C MLC MD RFC DMJIJMUGLE

B3LYP "%' SQCQ 78/ GL # -:1 DSLARGML?J )2PRPCC 'MAl CVAF?LEC @W 4R
$F?@IJMUQIG 'RPGQAF <
B3LYP* KMBGDGCB # -:1 DSLARGML?J )?PRPCC 'MAI CVAF?EEC @W 3CGFCP
BILYP DSLARGML?J )2PRPCC 'MAI CVAF?LEL @W "B?KM #?PMLC <
KMLYP DSLARGML?J )?PRPCC 'MAI CVAF?LEE€ @W ,?LE .SQEP?TC <
O3LYP DSLARGML?J )2PRPCC 'MAl CVAF?LEC @W $MFCL )?LBW <
X3LYP DSLARGML?J )?PRPCC 'MAI CVAF?EEC @W 9S (MBB?PB <
BHandH )?PRPCC 'MAI CVAF?LEC -%" CVAF?LEC ?LB -:1 AMPPCJ?RGML
BHandHLYP Y?PRPCC 'MAI CVAF?LEC -%" CVAF?LEC #CAIC CVAF?LEC 2
-:1 AMPPCJ?RGML
BIPW91 DSLARGML?J @W )?PRPCC 'MAI CVAE?LEC "B?KM #?PMLC <
mPWIPWDSLARGML?J )2PRPCC 'MAI CVAF?LEC @W "B?KM #?PMLC <
mPW1K DSLARGML?J )2PRPCC 'MAl CVAF?LEC @W=WLAF '?2QR )?PPGQ 5PSFJ:
PBEO DSLARGML?J )?PRPCC 'MAI CVAF?LEC =@M B RBIWCBEKD #2ABQICEG? <
< = FW@PGB DMPK MD 1#&
OPBEO DSLARGML?J )2PRPCC 'MAI CVAF?LEC @W #UFRRREBBCP®RRKKIEI PR QK
01#8&
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N?P?LRFCQCQ #-:1 #1 1#& #-:1 *L ?JJ MRFCP A?QCQ ?
SLIJCQQ KMBGDGCB TG? RFC Q QA?JGLE N?P?KCRCP

6LIGIC. RFEAL1&34*0/ICWUMPB RFC T?L BCP 8??JQ P?BGG SQCB GL RFGQ GKNJCK
F?PBAMBCB GL "%' )MUCTCP GR GQ NMQQG@JC RM KMBGDW RFC EJM@?J QA"
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?BBGRGML?J BMDERXNRPB ENMMDMPK?RGML ?@MSR RFGQ RMNGA
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*D RFC 9% ICW GQ LMR SQCB RFC NPMEP?K UGJJ ?NNJW MLJW RFC -MA?J %CLQC
AFMQCL -%" DMPK GQ RFCL 78/

*D MLIW ? ((" N?PR GQ QNCBCOR&S@B CWK RERGIE RRPER BCD?SJRQ RM 78/ CVACNI
-:1 AMPPCJ?RGML AMPPCARGML GQ SQCB GL RF?R A?QC RFC -%" BCD?SJR GQ 9|

5FC PC?QML DMP RFGQ GQ RF?R RFC -:1 DMPKSJ?Q ?7QQSKC RFC NSPC CVAF?LEC
1CPBCU AMPPCJ?RGML AMP P CoReatdd. - @Q D MAAWKP BFELARGMIARBYP @ DMPK MD RFGQ /
-%" DMPK ?QQSKCB GL RFC 1CPBCU AMPPCJ?RGML AMPPCARGML GQ LMR ?T?G
DMPKSJ?Q ?PC D?GPJW AJMQC RM GR

#C ?U?PC RF?R RWNGLEDALIWE RFESRSA. MPWESKCLR UGJJ ?ARGT?RC RFC 78/ DMF
QNCAGDGCB GL RFC ((" N?PR

Model potentials

5FC -# (3"$ ?LB 4"01 DSLARGML?JQ F?TC MLJW ? 4%$" 1MRCLRG?J GKNJCKCLF
AMSLRCPN?PR 5FCPCDMPC RFCW KSQR LMR @C SQCB RMECRFCP UGRF RFC &L«
(3"$ GQ SQCB DMP RFC 1MRCLRG?J 4%’ RFC EE? CLCPEW CVNPCQQGML BCD?SJ
icpBCU AMPPCIJ?RGML 'MP 4"01 RFC CLCPEW DSLARGML?J GQ 18 5FGQ A?L
AFMGAC GL RFC EE? &LCPEW QNCAGDGA?RGML )MUCTCP GR GQ PCAMKKCL
GD RFC K?GL GLRCPCQR GQ GL CLCPEGCQ

5FC -# (3"$ ?LB 4"01 DMPKQ ?PC BCLQGRW DSLARGML?JQ QNCAGDGA?JJW BCC
?QWKNRMRGA @QCF?TGMP 5FGQ WGCJBQ KSAF @CRRCP CLCPEGCQ DMP RFC FGE
?LB @CRRCP CVAGR?RGML CLCPEGCQ GL ? A?JASIJI?RGML MD PCQNMLQC NPMNCF
JMUCP JWGLE MP@GR?JQ QS@ T?JCLAC QFMSJB GKNPMTC ?Q UCJJ GL A?QC M
CLCPEW CVNPCQQGML SLBCPIJWGLE RFC -# DSLARGML?J GQ TCPW GL?AASP?RC
NPMNCPRGCQ @SR GR BMCQ GKNJW RF?R RFC CLCPEW ?LB GRQ BCPGT?RGTCQ
J@ MNRGKGXCB ECMKCRPGCQ UGJJ) @G HEPCMNENJIQECRIEWR MDQRRPCA-& < DSLARGM
PSLRWNC RF?R GLTMJTCQ RFC AMKNSR?RGML MD CLCPEW EP?BGCLRQ GQ BGQ?
AFCAlI UGRF RFC ICW "--08

*L A?QC MD ? (3"$-# A?JASJ?RGML RFC SQCP QFMSJB @C ?U?PC RF?R RFC NMRC
UGRF PCQNCAR RM RFC SQS?J JCTCJ *L MRFCP UMPBQ RFC 9% NMRCLRG?J BMC
RFGQ A?QC 5FC QGXC MD RFC QFGDR GQ RFC BGDDCPCLAC @CRUCCL RFC )0.0
*L MPBCP RM AMKN?PC RM PCESJ?P ((" MP@GR?J CLCPEGCQ GR GQ ?BTGQ?@JC
CLCPEGCQ OD AMSPQC MP@GR?J CLCPEW BGDDCPCLACQ UFGAF CLRCP CVAGR
GL RFC NMRCLRG?J

5FC -# 4"01 ?LB (3"$ NMRCLRG?JQ A?LLMR @C SQCB GL ? $PC?RC PSL BSC RN\
GL RFC AMBC *D WMS LCCB RFC CLCPEW BGDDCPCLAC MD ? KMJCASJC UGRF P(
RFC QGLEJC ?RMK A?JASJ?RGMLQ UGRF -# QCN?P?RCJW SQGLE RFC Q?KC LML
WMS BGB DMP RFC UFMJC KMJCASJC 5FGQ UGJJ EGTC WMS RFC PCOSGPCB CLC



Hartree-Fock and hybrid potentials

)?PRPCC '"MAI ?LB RFC FW@PGB NMRCLRG?JQ A?L LMR MP QFMSJB LMR @C SQCB
MNRGKGX?RGML 54 *3%$ -5 DPCOSCLAGCQ /.3 AFCKGA?J QFGDR QNGL QNGL A
E RCLQMP DPMXCL AMPCQ

/ISKCPGA?J NPM@JCKQ F?TC @CCL DMSLB UGRF RFC NPCQCLR GKNJCKCLR?RGML
4% CQNCAG?JJW GD RFC KMJCASJC F?Q QWKKCRPW /04:. ?LB ? @?QGQ QCR 5;1
RM SQC ?JU?WQ RFC %&1&/%&/$: ICW UGRF P?RFCP QRPGAR APGRCPG? DMP RFC
@?Q C *L RFC "% RFC %&1&/%&/$: ICW GQ ?SRMK?RGA?JJW QUGRAFCB M
'MAI MP 2 FW@PGB NMRCLRG?J 5FC PCQSJR MD RFC %&1&/%&/$: ICW GQ RF?R J
PCBSACB @W PCKMTGLE JGLC?P AMK@GL?RGMLQ RF?R AMPPCQNMLB UGRF CGE(
K?RPGV UFGAF ?PC QK?JJCP RF?L GL RFGQ A?QC C /MRC RF?R RFGQ GQ ? F
?L CDDCAR ML RFC @MLBGLE CLCPEW 'MP %; ?LB %;1 @?QGQ QCRQ RFGQ T?JSC
RFC TGPRS?J QN?AC )MUCTCP DMP 5;1 5; 1 2; 1 ?LB J?PECP RFGQ UGJJ MDRC
QCR UFGAF UGJJ F?TC ?L CDDCAR ML RFC ?AASP?AW MD RFC @MLBGLE CLCPEW
T?JSC RF?L C @SR @C ?U?PC RF?R LSKCPGA?J NPM@JCKQ K?W MAASP *D RF
LSKCPGA?J NPM@JCKQ ?PC PCBSACB

5FC MPGEGL MD RFGQ NPM@JCK GQ RF?R DMP ?L ?AASP?RC BCQAPGNRGML MD )
BGDDSQC DGR DSLARGMLQ GL RFC DGR NPMACBSPC UFGAF GQ SQCB GL "%' U]
MD RFC RUM 450Q OLC A?L ECR KMPC BGDDSQC DGR DSLARGMLQ GD MLC ?BBQ ¢

| AddDiffuseFit

*D RFC #"4*4 ICW GQ SQCB MLC A?L ?JQM ?BB RFGQ ICW GL RFC KMJCASJ?P A?J,
?SRMK?RGA?JJW ?BB RFGQ GL RFC $PC?RC PSLQ MD RFC ?RMKQ *D MLC ?BBQ |
MLC A?L JMUCP RFC T?JSC DMP RFC BCNCLBCLAW ICW RM @?Q C 4SAF ? JMU
LMPK?JJW KC?LQ RF?R RFC @?QGQ QCR GQ LMR PCBSACB DMP @?QGQ QCRQ MD

'MP @CLAFK?PI A?JASJ?RGMLQ MLC AMSJB SQC ? J?PEC @?QGQ QCR JGIC RFC :
PCAMKKCLBCB RM SQC ?R JC?QR ?L ?AASP?AW MD DMP RFC GLRCEP?RGML 5F¢
AMSJB SQC

basis

type Qz4P
end
AddDiffuseFit
Dependency bas=1e-4
integration 6 6 6

Meta-GGA and hybrid energy functionals

4R?PRGLE DPMK RFC "% TCPQGML = CKITCR? ((((=< FW@PGB ((" DMP
CV?KNJC # -:1 ?LB FW@PGB KCR? ((" CLCPEW 9% DSLARGML?JQ F?TC @CCL GKN
QFMUL RM EGTC EMMB PCQSJRQ DMP CLCPEGCQ 5FC NPCQCLR GKNJCKCLR?RGM
UGRF KMQR RFCQC DSLARGML?JQ /MR ?JJ 9% NMRCLRG?JQ F?TC @CCL GKNJCKC
MNRGKGX?RGMLQ MP NPMNCPRW A?JASJ?RGMLQ A?LLMR @C NCPDMPKCB UGRF |
FW@PGB DSLARGML?JQ RFC 9% NMRCLRG?J GQ GKNJCKCLRCB

5FC GKNJCKCLR?RGML GL "%' MD RFC A?JASJ?RGML MD CV?AR CVAF?LEC )?PRP
DMP RFC FW@PGB DSLARGML?JQ GQ @?QCB MEWBGBGDMAWEBRPRQMWIGRR RFCGRE KXC+<
RFC U?W GL UFGAF "%' RFC MP@GR?J BCLQGRGCQ ?PC DGRRCB



5FC A?JASJ?RGML MD ? J?PEC NPCQNCAGDGCB JGQR MD -%" ((" ?LB KCR? ((" C
QNCAGDWGLE

| METAGGA

?Q ? QCN?P?RC ICWUMPB S5FC DMJIMUGLE GLAMKNJCRC JGQR EGTCQ ?L GBC?
RF?R UGJJ RFCL @C A?JASJ?RCB

#1 18 K18 #-:1 1#& 31#& PCT1#& KI1#& 0-:1 01#& ,%$*4 1,;# 74 '5
#-"1 )$5) R?S )$5) #K5?S #01 0-"1 5144 |5 ,5 # .-

5FC FW@PGB ((" ?LB FW@PGB KCR? ((" CLCPEW DSLARGML?JQ ?PC A?JASJ?RCB (
RFC ICW

| HARTREEFOCK

GQ GLAJSBCB 5FC DMJIJMUGLE GLAMKNJCRC JGQR EGTCQ ?L GBC? MD RFC CVF
RF?R UGJJ RFCL @C A?JASJ?RCB

#-:1 # -:1 # -:1 ,.-:1 0 -:1 9 -:1 #)?LB) #)?LB)-:1 # 18 .18 18
.18, 1#& O01#& 5144F R?S )$5) FW@PGB # . . 9 . . 9
L "%’ RFC ;F?M 5PSFJ?P . = 3TUB< 3CD <= AJ?QQ VA CLCPEW DSLARGML?

F?TC @CCL GKNJCKCLRCB

5FC ICWQ .&5"((" ?LB )"353&&'0$%, A?L @C SQCB GL AMK@GL?RGML UGRF ?LW 9% 1
RFC KMKCLR FW@PGB DSLARGML?JQ A?L LMR @C SQCB GL AMK@GL?RGML UGRF
DSLARGML?JQ UGJJ ?JQM EGTC UPMLE PCQSJRQ GD SQCB GL AMK@GL?RGML UG
CJCARPML @?7QGQ QCR GD CGRFCP RFC ICW .&5"((" MP RFC ICW )"353&&'0%, GQ ¢
)"353&&'0%, ICWUMPB ?JQM GL RFC APC?RC PSLQ MD RFC ?RMKQ *L "%' RFC FW
GD RFC A?JASJ?RGML GQ NCPDMPKCB UGRF AMKNJCRCJW DGJJCB MP@GR?JQ 3

'MP AMKN?PGQML UGRF NPCTGMSQ PCQSJRQ GLQRC?B MD RFC ICW )"353&&'0$, N
)'&9%)"/ (&

| HFEXCHANGE

5FGQ ICW GQ LMU M@QMJCRC 5FC BGDDCPCLAC UGRF RFC )"353&&'0%, ICW GQ |
BCLQGRGCQ ?PC DGRRCB 5FC ICW )'&9%)"/(& A?L LMR @C SQCB GL AMK@GL?RGI
AMSNJIGLE

5FC &V?KNJCQ BMASKCLR BCQAPG@CQ ?L ?NNJGA?RGML RM RFC 0) KMJCASJC D
MSRNSR ML RFC RMR?J 9% CLCPEW MD RFC QWQRCK A?L @C M@R?GLCB @W QN

| PRINT METAGGA
5FGQ J?RRCP MNRGML GQ GLRCLBCB DMP BC@SEEGLE NSPNMQCQ K?GLJW ?LB G

5FC GKNJCKCLR?RGML A?JASJ?RCQ RFC RMR?J 9%$ CLCPEW DMP ? QWQRCK ?LB U
$PC?RC PSLQ *D RFC @?QGA DP?EKCLRQ ?PC ?RMKQ RFC ICWUMPB

ENERGYFRAG
ATOM ([filename]
ATOM ([filename]



QNCAGDGCQ RF?R BGDDCPCLR ?RMKGA DP?EKCLR DGJCQ ?PC RM @C SQCB GL R
PCESJ?P ?RMKGA DP?EKCLR DGJCQ DPMK RFC APC?RC PSLQ 5FGQ ICWUMPB A?l
DGJCQ *L MPBCP RM AMKN?PC KCR? ((" CLCPEW BGDDCPCLACQ @CRUCCL KMJC/
KMJCASJC PCQSJRQ DPMK RFC T?PGMSQ A?JASJ?RGMLQ LCCB RM @C AMK@GLC

*L QSAF QGRS?RGMLQ GR GQ ?BTGQ?@JC RM SQC ? QMKCUF?R FGEFCP GLRCEP
BM ?R JC?QR DMP RFC QK?JJCP DP?EKCLRQ ?Q RFCPC GQ LM CPPMP A?LACJJ?]
2L?2JWQGQ

" ECLCP?J AMKKCLR GQ RF?R QMKC DSLARGML?JQ QFMU ? KMPC QR?@JC @CF?T
GKNJCKCLR?RGML *L ECLCP?J RFC DSLARGML?JQ UFGAF ?PC BCNCLBCLR ML R
BGQNJ?W ? J?PEC T?PG?RGML UGRF PCQNCAR RM @?QGQ QCR AF?LECQ MP BGD
RFGQ PC?QML UC ASPPCLRJW PCAMKKCLB '5 GL D?TMP MD '5 4GKGJ?PIJW RF
QFMSJB QRGJJ @C A?PCDSJJW AFCAICB *L MSP RCQR A?JASJ?RGMLQ ML RFC (

NCPDMPK?LAC @MRF DMP RFC ?TCP?EC CPPMP ?LB DMP RFC K?VGKSK CPPMP &
KMJCASJCQ UGRF CJCKCLRQ SN RM $J 5FC PCJ?RGTC NCPDMPK?LAC DMP RP?LC
SLILMUL ?LB K?W UCJJ @C TCPW BGDDCPCLR DPMK RFC MPBCPGLE DMP RFC ( CQ

Self-Interaction Correction

*L RFC "%’ TCPQGML RFC 1CPBCU ;SLECP 1; QCJD GLRCP?ARGML CLCPEW
-G *?DP?RC ,-* ?NNPMVGK?RGML RM RFC QCJD GLRCP?ARGML AMPPCARCB MNR
GKNJCKCLRGB$SFC @JMAI ICW 4*$0&1 QFMSJB @C SQCB

IMRC 5FC CVGQRGLE ?SVGJG?PW DGRRGLE QCRQ CKNJMWCB GL "%' UCPC MNR
NMRCLRG?J MD RFC RMR?J CJCARPML BCLQGRW 5FCQC QR?LB?PB DGRRGLE QC
BM LMR GLAJSBC DSLARGMLQ MD FGEF ?LESJ?P KMKCLRSKX RERFQGIDLCP PCEG\
AMLQGQRCLR 4*$ A?JASJ?RGMLQ UGRF RFC QR?LB?PB DGRRGLE QCRQ PCQSJR C
GLAMKNJCRCLCQQ AMPPCARGMLQ N?PRGASJ?PJW DMP RFC MP@GR?JQ UGRF QS
?SVGJG?PW DGR QCRQ ?PC ?SEKCLRCB UGRF ?BBGRGML?J DSLARGMLQ MD FGEF
4$' AMLTCPECLAC NPM@JCKQ J?PECJW BGQ?NNC?P 5FC PC?QML GQ RF?R RFC D
BCLQGRGCQ MD C?AF GLBGTGBS?J JMA?JGXCB MP@GR?J @MRF GL BGPCARGML

5FC ICW
| SINGULARFIT FAST

?ARGT?RCQ D?QR CP RPC?RKCLR MD JGLC?PJW BCNCLBCLR DGRQ *R NPCAMKN
BCAMKNMQGRGML MD DGR MTCPJ?N GLRCEP?JQ K?IGLE DGRRGLE GRQCJD D?QR
ML C?AF GRCP?RGML GR A?L GKNPMTC NCPDMPK?LAC @W ?L MPBCP MD K?ELGR
PCOSCQRQ RFC MJB RPC?RKCLR MD JGLC?PJW BCNCLBCLR DGRQ PCAMKNSRGLE
2JU?WQ QJMUCP RF?L 4*/(6-"3'*5 '"45 @SR SQCQ JCQQ BGQI QN?AC

5FC JMA?JGX?RGML RP?LQDMPK?RGML GQ CQQCLRG?J DMP M@R?GLGLE PC?JGQ
CV?KNJC UGRFMSR JMA?JGX?RGML 4*$ 7TMQIM 8GJI /ISQ?GP 78/ NPCBGARQ KM.
PCQNCAR RM RFC BGQQMAG?RGML RM RUM LCSRP?J MVWECL ?RMKQ "R RFC Q?}
4*$ 78/ AMKN?PCQ D?TMP?@JW RM @MRF 78/ GRQCJD ?LB RM QMNFGQRGA?RCB
"%' RFC '"MQRCP #MWQ JMA?JGX?RGML NPMACBSPC GQ SQCB

3CK?PIQ 'P?ARGML?J MAASN?RGML ?PC RPC?RCB PGEFR ((" DSLARGML?JQ ?PC
UMPIQ DMP -GLC?P 5P?LQGR A?JASJ?RGMLQ 'PMXCL AMPC 4*$ NMRCLRG?JQ ?PC
QSGR?@JC DMP RPC?RGLE B ?LB D CIJCARPMLQ UGRFGL RFC T?JCLAC QFCJJ %Q
4*$ AMBC BMCQ LMR ?JJMU N?P?JJCJ A?JASJ?RGMLQ WCR (CMKCRPW MNRGKG.
AMK@GL?RGML UGRF QNGL MP@GR AMSNJGLE GQ LMR NMQQG@JC WCR



6Q?EC MD RFC @JMAI ICW 4*$0&1

SICOEP
{IPRINT n}
{NOLOCALIZE}
{LOCALIZE {thrs}}
{LDA name {Xa}}
{GGA name}
{SELFCONSISTENT n}
{POSTSCF}
{SKIPCYCLES every {start}}
{STABLE frac}
{NHOMO Nalpha {Nbeta}}
{CORE cor}
{DENSITY mode}
{SHIPV filename}
{READV filename}
{READMOS filename {FREEZE}}
{WRITEMOS filename}
{NAILCANONICALS {eps}}
{NPFITS n}

end

IPRINT n

LM NPGLRGLE CVACNR DMP D?R?J CPPMPQ
AMLBCLQCB NPGLRGLE

LMPK?J NPGLRGLE

TCP@MQC NPGLRGLE

BC@SE NPGLRGLE

CVMPAGQK NPGLRGLE

NOLOCALIZE

$?JASJ?RC 4*$ CLCPEGCQ DMP A?LMLGA?J .0Q &VACNR DMP ?RMKQ ?LB ACPR
ES?P?LRCCB RM NPMBSAC LML MNRGK?J 4*$ CLCPEGCQ ?LB MP JC?B RM QCTC

LOCALIZE {thrs}

$?JASJ?RC 4*$ CLCPEGCQ DMP JMA?JGXCB .0Q *L RFGQ TCPQGML #MWQ 'MQF
JMA?JGXCB MP@GR?JQ #W BCD?SJR ?JJ MAASNGCB MP@GR?JQ UGJJ N?PRGA
@C AF?LECB @W QSNNJWGLE RFPQ N?P?KCRCP UFGAF UGJJ MLJW ?2JJMU KGV
MD C?AF MRFCP $?JASJ?RC 4*$ CLCPEGCQ DMP A?LMLGA?J .0Q &VACNR DMP
RFGQ GQ ES?P?LRCCB

LDA name {Xa}

3COSCQRQ ? QNCAGDGA JMA?J BCLQGRW DSLARGML?J GL 1CPBCU ;SLECP CLC
RFC 9$ NMRCLRG?J *D L?KC GQ 9"-1)" RFC BCD?SJR ?JNF? MD A?L @C AF?
?BBGRGML?J ?PESKCLR /MPK?JJW 4*$ AMBC UGJJ SQC -%" DSLARGML?J PCO
9% ICW@JMAI 4NCAGDWGLE /0/& UGRF QSNNPCQQ -%" AMLRPG@SRGML GL 4*
RFC 1CPBCU ;SLECP CLCPEW AMPPCARGML ?LB RFC AMPPCQNMLBGLE RCPK G
PCKMTC ? LML NFWQGA?J QCJD GLRCP?ARGML AMLRPG@SRGML DPMK RFC ,MF
ICW QFMSJB MLJW @C SQCB DMP BC@SEEGLE



GGA name

3COSCQRQ ? QNCAGDGA EP?BGCLR AMPPCARCB DSLARGML?J GL RFC 4*$ N?PR
GL 9% ICW@JIJMAI 4NCAGDWGLE /0/& UGJJ QSNNPCQQ ((" AMLRPG@SRGML R
/IMRC RF?R TCPW JGRRJC GLNSR AFCAIGLE GQ BMLC DMP RFGQ ICW *R GQ NM
FCPC UFGAF UGJJ JC?B RM SLNPCBGAR?@JC PCQSJRQ 6QC RFGQ ICW MLJW |

SELFCONSISTENT {n}

*LAJSBCQ ,-* AMLRPG@SRGML GL RFC 9% NMRCLRG?J 5FGQ GQ RFC BCD?SJR
T ,-* UGJJ @C PCAMKNSRCB SLRGJ L RF 4%' AWAJC AWAJCQ @W BCD?SJR
T,-* DPMK RFC L RF AWAJC *D ? 4*$ A?JASJ?RGML PSLQ GLRM AMLTCPECLAC
QSPC RF?R RFC 4*$ CLCPEW BMCQ LMR AF?LEC QGELGDGA?LRJW @CRUCCL RF
AMKNSRCB ?LB RFC DGL?J 4%$' AWAJC

POSTSCF

$?JASJ?RCQ 1CPBCU ;SLECP CLCPEW AMPPCARGML SQGLE MP@GR?JQ DPMK C
NMQQG@JW ?DRCP JMA?JGXGLE RFCK QCC -0%"-*;& /0-0%$"-*;& &VACNR GL ?
?RMKQ MP RFC FWBPMECL KMJCASJC NMQR 4%$' 4*$ AMPPCARGMLQ ?PC LMR P
;GCEJCP +$1 = 3CD <

SKIPCYCLES every {start}

3COSCQRQ RF?R T ,-* GQ PCAMKNSRCB ?DRCP ? EGTCL LSK@CP MD 4$' GRCP"
PCAMKNSRCB ML C?AF 4% GRCP?RGML CTCPW #CA?SQC T ,-* CT?JS?RGML
K?wW JC?B RM ? PCBSARGML GL AMKNSR?RGML RGKC *D ?L MNRGML?J QCAMLB
MKGRRCB BSPGLE RFC DGPQR DCU 4%' AWAJCQ 5FGQ K?W PCBSAC A?JASJ?RG
?AASP?RC #CA?SQC 4*$ CLCPEW CVNPCQQGML GQ BCDGLCB ?Q ? DSLARGML?.
GL RFC DGPQR 4%$' AWAJC PCE?PBJCQQ MD RFC QR?PR QCRRGLE

STABLE frac

4NCAGDGCQ KGVGLE AMCDDGAGCLR DMP T ,-* AMLRPG@SRGML RM CVAF?LEC
UFCPC T ,-* GQ PCAMKNSRCB RFC GR GQ SNB?RCB ?Q T L DP?A T ,-* C

GQ G C LM KGVGLE 4SNNJWGLE ? T?JSC QK?JJCP RF?L K?W GKNPMTC 4

NHOMO Nalpha {Nbeta}

$FMMQCQ RPC?RKCLR MD RFC DPCC N?P?KCRCP GL RFC ,-* 2NNPMVGK?RGML

?LB 5 ;GCEJCP +%1 = G5BCBGD?SJR GQ RM AFMMQC RFC DPCC N?P?KCRCP
NMRCLRG?J QFGDRQ ?PC LML LCE?RGTC *D RFGQ ICW GQ QSNNJGCB RFC NC
MAASNGCB MP@GR?JQ UGJJ @C QCR RM XCPM GLQRC?B #MRF AFMGACQ ?PC
@SR RFC BCD?SJR CVFG@GRQ KSAF @CRRCP AMLTCPECLAC @CF?TGMP

CORE cor

AMP A?L @C MLC MD

IGNORE *ELMPCQ AMLRPG@SRGMLQ MD DPMXCL AMPC MP@GR?JQ RM 4*$ CLCPE
UGJJ ?NNC?P GL ,-* NMRCLRG?J KGVSELE CVNPCQQGML CO MD <

RHO *LAJSBCQ AMPC BCLQGRW GL RFC RMR?J BCLQGRW MD CO @SR GELMPC
POTENTIAL *LAJSBCQ 4*$ NMRCLRG?J MD RFC AMPC MP@GR?JQ GL T ,-* @SR QC
RM XCPM

FULL 'SJJ RPC?RKCLR MD RFC DPMXCL AMPC DPMXCL AMPC MP@GR?JQ N?PRC



ML RFC COS?J DMMRGLE UGRF RFC T?JCLAC MP@GR?JQ 5FGQ GQ RFC BCD
'MP 105&/5*"- ?LB '6-- RCQQCP?J F?PKMLGAQ ?PC SQCB DMP RFC ?LESJ?P N?F

DENSITY mode

5FGQ ICWUMPB AMLRPMJQ CT?JS?RGML MD NCP MP@GR?J BCLQGRGCQ GL ? 4*
EXACT &T?JS?RC BCLQGRGCQ DPMK KMJCASJ?P MP@GR?JQ 5FGQ GQ RFC BCD?
FIT &T?JS?RC BCLQGRGCQ DPMK ?SVGJG?PW DGRQ 6QGLE RFGQ MNRGML GQ
JCQQ ?AASP?RC RF?L &9"%$5

SHIPV filename

8PGRC T ,-* AMLRPG@SRGML RM 9% NMRCLRG?J ML EPGB RM ?L CVRCPL?J DC
GBC? RM UPGRC MSR RFC LSKCPGA?J GLRCEP?RGML EPGB ?Q UCJJ @W ?BBG|

READYV filename

T ,-* GQ R?ICL DPMK ?L CVRCPL?J DGJC ?LB ?BB GR RM RFC 9% NMRCLRG?J
RFC EPGB SQCB RM A?JASJ?RC RFC NMRCLRG?J 5FC MLJW ACPR?GL U?W RM I
EPGB ML 5"1& ?LB N?QQ GR ?PMSLB RMECRFCP UGRF RFC T ,-* NMRCLRG?J
BC?ARGT?RC ?BB MRFCP NPMACQQGLE GL 4*$ AMBC GLAJSBGLE A?JASJ?RGMI
NMRCLRG?J SNB?RCQ

READMOS filename {FREEZE}

'MP RFC DGPQR CT?JS?RGML MD RFC T ,-* NMRCLRG?J JM?BQ JMA?JGXCB MP
JMA?JGXGLE A?LMLGA?J ,MFL 4F?K .0Q 6LJCQQ '3&&;& GQ QNCAGDGCB QS@Q
JMA?JGXCB A?LMLGA?J .0Q

WRITEMOS filename

4RMPCQ JMA?JGXCB MP@GR?JQ RM ?L CVRCPL?J DGJC 3C?BGLE RFCQC MP@C
PSBGKCLR?PW PCQR?PR A?N?@GJGRW

NAILCANONICALS {eps}

4R?@GJIJGXC MPGCLR?RGML MD BCECLCP?RC A?LMLGA?J .0Q NPGMP RM JMA?J(
GQ RFC BCECLCP?AW APGRCPGML GL C7 @W BCD?SJR 4SNNJWGLE RFGC
FGEF JMA?J QWKKCRPW GQ NPCQCLR GL ? KMJCASJC

NPFITS n

/ISK@CP MD DGR AMCDDGAGCLR QCRQ RM @C AMKNSRCB GL ? QGLEJC N?QQ -
@SR LCCB KMPC KCKMPW 5FC BCD?SJR MD GQ SQS?JJW ?BCOS?RC

General remarks

g 5FC NFP?QC LML JMA?J GL RFC BGQASQQGML MD BCLQGRW DSLARGML?JQ
NMRCLRG?JQ ?PC GLTMJTCB
5FC NMRCLRG?JQ ?PC NCPDCARJW JMA?J @SR UFCL WMS EM @CWMLB -%'
RFC T?JSC MD RFC BCLQGRW DSLARGML?J NMRCLRG?J GL ? NMGLR P GQ C
MD RFC AF?PEC BCLQGRW @SR ?JQM DPMK RFC EP?BGCLR MD RFC AF?PE

g 5FC 4RMJJ DMPKSJ? GQ cAntla®G B ¥P € B ARVARMIC B3 LRFACRW "NNPMVGK?RGML
*R GQ AMLACNRS?JJW LMR AMP P CaAR ?RIM JSAQ C MRF CMAARM JEPRB BEC RR G(M L
AMPPCARGMLQ RM RFC AMPPCJ?RGML



*R GQ RFC SQCP Q PCQNMLQG@GJGRW GL ECLCP?J ?LB ?2JQM FCPC RM ?°
HSQRGDGCB RFCMPCRGA?JJW

g *R GQ OSCQRGML?@JC RM ?NNJWworeeRtoB G G E R JCMIPNP R BRGEMLIEQQRM? RFREFC Q ? K
RGKC DMP RFC CVAF?LEC
S5FCPCDMPC RFC NPMEP?K UGJJ AFCAI RFGQ ?LB QRMN UGRF ?L CPPMP KC
5FGQ AFCAI A?L @C MTCPPSJCB UGRF RFC ICW "--08

g 5FC GQQSC MD RFC @CQR BCLQGRW DSLARGML?J GQ ? QS@HCAR MD CVI
*R GQ ECLCP?JJW PCAMELGXCB RF?R ?NNJWGLE EP?BGCLR AMPPCARGMLAQC
"NNPMVGK?RGML
SQS?JJW EGTCQ @CRRCP PCQSJRQ DMP AMKN?PGQML UGRF CYVNCPGKCLR"
CLCPEGCQ
?LB RFC QNCARP? AMKNSRCB DPMK MLC CJCARPML CLCPEGCAQ

g 5FC GLAMPNMP?RGML MD EP?BGCLR AMPPCARGMLQ BSPGLE RFC 4%$' QGEL!
CDDMPR
*L RFGQ PCQNCAR GR K?ICQ LM BGDDCPCLAC UFGAF QNCAGDGA ((" DMPKS
5FC &LCPEW 1MQR4$' DC?RSPC GQ RFCPCDMPC ?L ?JRCPL?RGTC UMPRFL
GR Q?TCQ ? JMR MD RGKC ?LB RFC CDDCARQ MD RFGQ ?NNPMVGK?RGML ?
QMJISRGML
QM RFC LML QCJD AMLQGQRCLR ?QNCAR F?PBJW QFMUQ SN GL RFC AMKNS¢
*L (CMKCRPW ONRGKGX?RGMLQ FMUCTCP RFC 1MQR 4%$" MNRGML GKNJGC
AMKNSRCB DPMK
RFC -%" CLCPEW CVNPCQQGML ?LB FCLAC RFC PCQSJRGLE MNRGKGXCB E(
DSLARGML?J
*L QSAF ? A?QC GLAJSBGLE RFC ((" RCPK K?W K?IC ? QS@QR?LRG?J BGDL
COSGJG@PGSK ECMKCRPW

MM dispersion corrected functionals
MM dispersion corrected GGA-D functionals

" LCU GKNJCKCLR?RGML DMP BGQNCPQGML AMPPCARGMLQ GQ ?T?GJ?@JC QR?PI
GKNJCKCLR?RGML GQ C?QGCP RM SQC ?LB GQ ?JQM QSNNMPRCB @W RFC (6* %
@C DMSLB GL RFC LCVR QCARGML

5FC LCU GKNJCKCLR?RGML GQ @?QCB ML?REGQ?CWNCPP@KC IMGERQW RM SQC 5FC
AMPPCARGML GQ QUGRARPBERSICN@ WM@NECABGDW BGRF N?P?KCRCPQ GL RFC 9% GLI
BCQAPGNRGML MD RBUPBGRRGRQ@A?IAMER RFC %*41&34*0/ ICWUMPB

&LCPEGCQ A?JASJ?RCB 1MQR 4%$' SQGLE BGDDCPCLR ((" % DSLARGML?JQ ?PC 2?3
&5"((" ICWUMPB GQ QNCAGDGCB 5FCQC GLAJSBC #-:1 % 1#& % #1 % 5144 %
/05& RFGQ MNRGML BMCQ LMR PCOSGPC QNCAGDWGLE ? %*41&34*0/ ICWUMPB C
correction added to the energy gradient GL RFGQ A?QC 1JC?QC ?2JQM LMRC RF?R ?JRFMSEF R
DSLARGML?J GLAJSBCQ )' CVAF?LEC ?LB GQ RFSQ ? FW@PGB DSLARGML?J RFC
FMUCTCP ? FW@PGB DSLARGML?J 5FC DMJJMUGLE DSRPRRGMI®B BCNCLBCLR EJ
#-:1 % 1#& % #1 % 5144 % #-:1 % ?LB # % 5FCQC
?LB A?LLMR @C AF?LECB

3CE?PBGLE NCPDMPK?LAC MD BGDDCPCLR DSLARGML?JQ RCQRGLE F?Q QFMUL |
CLCPEGCQ ?LB EP?BGCLRQ GLTMJTGLE 7B8 GLRCP?ARGMLQ 1MQR 4% CLCPEW N
QFMUCB RF?R ?2JQM # % EGTCQ EMMB @GLBGLE CLCPEGCQ AMKN?PCB RM FGEF
AMKN?PGQML MD BGDDCPCLR ((" % DSLARGML?JQ A?L @C DMSLB GL PCD <



Note: 5FC MPGEGL?J N?NCP @W (PGKKC GLAJSBCB N?P?KCRCPQ DMP CJCKCLRQ )
GKNJCKCLR?RGML LM BGQNCPQGML AMPPCARGML GQ ?BBCB DMP GLRCP?ARGML

MM dispersion (old implementation)

5FC GBC? RM ECR ?L ?AASP?RC BCQAPGNRGML MD T?L BCP 8??JQ AMKNJCVCQ @
GLAJSBGLE CKNGPGA?J AMPPCUBRG NMBIKN JCW QPREEK Gl "%' @W + . %SACPC DPMK
1PMD - $?T2JJM&E?QC AMLR?AR RFGQ EPMSN DMP KMPC BCR?GJQ ML RFGQ DSL

5FGQ GQ ?L CYVNCPR MNRGML "Q GLNSR MLC LCCBQ ACPR?GL ?RMKGA N?P?KCRC(
DSLARGML?J MNRGKGXCB N?P?KCRCPQ DMP ? B?KNGLE DSLARGML "R RFC KMK:!
N?P?KCRCPQ A?L @C DMSLB GL RFC DGJC "%'3&4063%&4 .. %GQNCPQGML BGQN N
DSLARGML?J UGRF ? %;1 MP 5;1 @?QGQ QCR N?P?KCRCPQ ?PC MNRGKGXCB DMP
U?Q BMLC UGRF PCQNCAR RM .1 RFCMPCRGA?J B?R? 5FC N?P?KCRCPQ DPMK (P

MMDispersion
{FILE_NAME filename}
{DAMPING damping}
{DAMP_PARAM damp_param {a b c}}
{COMBI  combi}
{DISPALL}
{NODEFAULT}
{ATOMTYPE

attype c6 pol rad
SUBEND}
End

FILE_NAME filename

ONRGML?J 5FC DGJCL?KC DSJJ N?RF DPMK UFGAF ?PC PC?B RFC $ N?P?KCR
DGJC GQ CVNCARCB RM F?TC RFC DMJIMUGLE QRPSARSPC

| attype c6 pol rad

5FC ?RRWNC KSQR CV?ARJW K?RAF RFC ?RMK RWNC L?KC NPCQCLR GL RFC "5
DMP @CGLE PCAMELGXCB A NMJ ?LB P?B ?PC GL ?RMKGA SLGRQ F?PRPCC
RFC CLB MD RFC PC?B N?PR &TCL GD RFC QOPR MNRGML GQ AFMQCL DMP $0.
CLTGPMLKCLR T?PG?@JC "%'3&4063%$&4 GQ QCR RFC BCD?SJR T?JSC DMP DGJ
..%GQNCPQGML BGQN N?P?K

DAMPING damping

ONRGML?J %CDGLCQ RFC IGLB MD B?KNGLE DSLARGML RM @C SQCB B?KNGLE
QGEK QGEKMGB BCD?”SJR
DCPKG 'CPKG JGIC DSLARGML (PGKKC <

DAMP_PARAM damp_param {a b c}

ONRGML?J %CDGLCQ UFGAF N?P?KCRCPQ MD RFC B?KNGLE DSLARGML QFMSJ
M D

RX N?P?KCRCPQ MNRGKGXCB DMP 1#& 5;1 BCD?SJR

BX N?P?KCRCPQ MNRGKGXCB DMP 1#& %;1

EPGKKC N?P?KCRCPQ DPMK (PGKKC N?NCP

ASQR ? @ A N?P?KCRCPQ ?PC ? @ ?LB A



COMBI combi

ONRGML?J %CDGLCQ RFC IGLB MD AMK@GL?RGML PSJC RM @C SQCB AMK@G
QI 4J?RCP ,GPIUMMB AMK@GL2RGML PSJC BCD?SJR <
QOPR QOS?PC PMMR AMK@GL?RGML PSJC

DISPALL

ONRGML?J *D NPCQCLR ?JJ ?RMK N?GPQ ?PC AMLQGBCPCB CJQC MLJW AMLI
BGDDCPCLR GLBCVCQ QCC @CJMU ?PC AMLQGBCPCB %*41"-- GQ /05 RFC BC

NODEFAULT

ONRGML?J #W BCD?SJR GD RFCPC GQ LM K?RAF DMP ? EGTCL ?RMK RWNC "¢
GL '*-&/".& DMP ?RMKGA BCD?SJR N?P?KCRCPQ (PGKKC Q MLCQ /0%&'"6-5 QL
&V?KNJC QSNNMQC RFC ?RMK RWNC GQ ) RCVR #W BCD?SJR GD RFCPC GQ LI
DMP ) N?P?KCRCPQ DMP ) UGJJ @C SQCB *D /0%&'"6-5 GQ QCR ?LB RFCPC G
KCQQ?EC GQ NPGLRCB ?LB "%' UGJJ QRMN

ATOMTYPE

ONRGML?J 'MP GLNSRVQBRGING@BIGRW ?LB P?BGSQ N?P?K?RCPQ MD ?RMK RW
K?RAF ?L ?RMK RWNC L?KC NPCQCLR GL RFC "50.4NMIMALBDMB @RGLELPCAMEL

"RMK RWNCQ ?LB DP?EKCLR GLBCVCQ ?PC QNCAGDGCB GL RFC "50.4 ICW@JMAI

ATOMS
atom-type x y z FD=n

END
'% GQ RFC GLBCV MD RFC DP?EKCLR '% QUGRAF MDD RFC A?JASJ?RGML DMP R

GLNSR LML XCPM T?JSCQ MD "% MLJW F?TC ?L ?L?IJWRGA?J PMJC *D %*41"-- GQ
A?JASJ?RCB @CRUCCL ?RMKQ MD BGDDCPCLR LML XCPM T?JSCQ MD "% #W BCD"

Relativistic effects

| RELATIVISTIC {level} {formalism} {potential}
Level

.?W @C /MLC RFGQ QSNNPCQQCQ RFC ICW ?LB GQ COSGT?JCLR RM LMR SQG!
QA?J?P PCJ?RGTGQRGA CDDCARQ MP 4NGLOP@GR SQGLE BMS@JC EPMSN Q\

Formalism
1?7SJG BCD?SJR MP ;03" ;03" GQ PCAMKKCLBCB
Potential

4"1" BCD?SJR MP 'SJJ 5FC 'SJJ MNRGML GQ M@QMJICRC *R GQ FCPC K?GLJW
KCRFMB GQ BCQAPE@NPB GEG@D/% NPMEP?K 5FC Q?KC NMRCLRG?J GQ SQCB ¢
OLC K?W RFGLI RF?R RFC 'SJJ MNRGML EGTCQ CVRP? ?AASP?AW )MUCTCP RF
CVRP? $16 RGKC ?LB CVRP? %*4, QN?AC SQ?EC



5FC ICW 3&-"5*7*45*$ GLQRPSARQ "%' RM R?IC PCJ?RGTGQRGA CDDCARQ GLRM ?
ICW RFGQ GQ QSNNPCQQCB 3CAMKKCLB?RGML SQC 3CJ?RGTGQRGA 4A?J?P ;03

Pauli

ANCAGDGA?RGML MD RFC 1?SJG DMPK?JGQK KC?LQ RF?R RFC DGPQR MPBCP PC.
UGJJ @C SQ<CB'kealar PCJ?RGTGQRGA PSL "%' CKNJMWQ RFC QGLEJC NMGLR EPMS|
QM A?std@BPCIJ?RGTGQRGA AMPPCARGMLQ %?PUGL ?LB .?7QQ 7CJMAGRW 5FC RP(
Ggdasi PCJ?RGTGQRGA GL RFC QCLQC RF?R RFC DGPQR MPBCP QA?J?P PCJ?RGTC
QN?AC MD RFC LML PCJ?RGTGQRGA QMJSRGMLQ G C GL RFC LML PCJ?RGTGQRC

5FC 0S?QG PCJ?RGTGQRGA ?NNPM?AF GKNPMTCQ PCQSJRQ AMLQGBCP?@JW MT¢
FMUCTCP RFCMPCRGA?J BCDGAGCLAGCQ BSC RM RFC QGLESJ?P @CF?TGMP MD
UMSJB @CAMKC K?LGDCQR GL ? AMKNJCRC @?QGQ QCR @SR PCQSJRQ ?PC PC?C
QCRQ )MUCTCP RFGQ ?QNCAR GKNJGCQ RF?R GR GQ LMR PCAMKKCLBCB RM ?N
@?QGQ QCR DMP RFC FC?TW ?RMKQ ?LB DMP TCPW FC?TW CJCKCLRQ CTCL ? DF
?AACNR?@JC PCQSJRQ 5FC NPM@JCKQ UGRF RFC 0S?QG PCJ?RGTGQRGA ?NNP\
DMP CV?KNJC=GL 3CD <

ZORA

5FC ;03" ?NNPM?AF EGTCQ ECLCP?JJW @CRRCP PCQSJRQ RF?L RFC 1?SJG DMPK
?LB GL b?AR ?2JQM DMP A?JASJ?RGMLQ ML TCPW FC?TW CJCKCLRQ "ARGLGBCQ

SLPCJG?@JC 5FCPCDMPC UGRF GRQ DMPK?J GLRPMBSARGML GL "% RFC ;0.
?NNPM?AF DMP PCJ?RGTGQRGA A?JASIJ?RGMLQ UGRF "%'

;03" PCDCPQ RM RFC ;CPM OPBCP 3CESJBFGRNPWRGKTRAIMRCOSGPCQ QNCAG?J (
NPGK?PGJW RM GLAJSBC KSAF QRCCNCP AMPC JGIC DSLARGMLQ ?NNJWGLE RFC
@?QGQ QCRQ EGTCQ SLPCJG?@JC PCQSJRQ 5FC ;03" @?QGQ QCRQ A?L @C DM
QS@BGPCARMPGCQ SLBCP RFC "%')0.& ?RMKGAB?R? ;03" BGPCARMPW

5FC ;03" DMPK?JGQK A?L ?JQM @C SQCB GL (CMKCRPW ONRGKGX?RGMLQ )MUCT
@CRUCCL RFC CLCPEW CVNPCQQGML ?LB RFC NMRCLRG?J GL RFC ;03" 2NNPM?A
ECMKCRPW UFCPC RFC EP?BGCLRQ ?PC XCPM BMCQ LMR CV?ARJW AMGLAGBC U(
BGDDCPCLACQ ?PC TCPW QK?JJ @SR LMR AMKNJCRCJW LCEJGEG@JC MPBCP M

Spin-Orbit coupling

5FC 4NGL OP@GR MNRGML SQCQ BMS@JC EPMSN QWKKCRPW 5FC QWKKCRPW ?B
OS?LRSK LSRBRACR REBL?LW PCDCPCLACQ GL GLNSR RM QS@QNCAGCQ QSAF ?Q
MAASN?RGML LSK@CPQ KSQR PCDCP RM RFC BMS@JC EPMSN J?@CJQ

$PC?RC PSho) KBQRFC 4NGL OP@GR DMPK?JGQK 5FC 4'0 ?L?JWQGQ MD .MJCASJ"
A?JASJ?RGML GQ MLJW GKNJCKCLRCB GL RFC A?QC MD ? QA?J?P PCJ?RGTGQRG.
4R?PRGLE DPMK RFC "%' TCPQGML EP?BGCLR A?JASJ?RGMLQ DMP RFC 4NG|
GKNJCKCLRCB 5FCPCDMPC WMS K?W LMU A?JASJ?RC F?PKMLGA DPCOSCLAGCQ
MNRGKGX?RGMLQ GLAJSBGLE QNGL MP@GR AMSNJGLE

*L ? 4NGL OP@GR PSL C?AF JCTCJ A?L ?JIJMA?RC CJCARPMLQ RGKCQ RFC BGK(
?Q GL ? LMPK?J PCQRPGARCB A?JASJ?RGML )MUCTCP AMLRP?PW RM RFC LMPK
BGPCARJW ?QQMAG?RCB UGRF QNGL t ?LB QNGL | @SR P?RFCP UGRF RFC KMPC
SLPCQRPGARCB DC?RSPC GL MPBCP RM ?QQGEL BGDDCPCLR LSK@CPQ MD CJCA



?NNJGCB ?Q QSAF )MUCTCP MLC A?L SQC RFC SLPCQRPGARCB MNRGML GL AMK
LMLAMJJGLC?P ?NNPMVGK?RGML *L RF?R A?QC MLC QFMSJB SQC QWKKCRPW /0
CJCARPML

Relativistic core potentials

*L ?2JJ PCJ?RGTGQRGA A?JASJ?RGMLQ QA?J?P ?2Q UCJJ ?Q QNGL MP@GR RFC |
PCJ?RGTGQRGA bt KGSA KNPBRC2LRG?I@JC RM "%' ML ? DGJC QNCAGDGCB UGRF R
$03&105&/5*"-4 4R?PRGLE DPMK RFC "%' PCJC?QC RFGQ GQ LCACQQ?PW ML
?RMKQ *L RFC KMJCASJ?P A?JASJ?RGML RFGQ ICW GQ LMR PCOSGPCB ?LWKMPC
B?R?aD®MPMK RWNCQ GL RFC KMJCASJC CTCL DMP RFMQC ?RMKQ UFCPC PCJ?RG
LCEJGEG@JC MP RF?R K?W LMR F?TC ? DPMXCL AMPC ?R ?2JJ QSAF ?Q )WBPMEC
GLQR?LAC DMP ? #44& A?JASJ?RGML RFCQC A?L LMR F?TC ?LW AMPC NMRCLRG
GLRCPL?JJW @W JMMIGLE ?R RFC LSAJC?P AF?PEC ?LB ?R RFC LSK@CP MD CJC
LSK@CPQ ?PC XCPM LM PCJ?RGTGQRGA MP MRFCP AMPC NMRCLRG?J GQ ?JJM
IGLCRGA CLCPEW MNCP?RMP GL RFC 4"1" QSK MD LCSRP?J ?RMKGA NMRCLRG?J
NPCQCLR ML RFGQ DGJC UFGAF UGJJ @C RFC A?QC GD RFC NPMEP?K %*3"$ GQ

3CJ?RGTGQRGA NMRCLRG?JQ A?L ?LB QFMSJB @C ECLCP?RCB UGRF RFC ?SVGJC
BMASKCLR ?LB RFC CV?KNJCQ

"Q MD "%’ RFC PCAMKKCLBCB U?W RM ECLCP?RC ?RMKGA DP?EKCLRQ ?LB PC
RF€'4*4CWUMPB

Solvents and other environments
COSMO: Conductor like Screening Model

:MS A?L QRSBW AFCKGQRPW GL QMJSRGML ?Q AMLRP?QRCB RM=RWDO E?Q NF?QC
RFC $MLBSARMP JGIC 4APCCLGLE .MBCJ=$6#.0 CMDREMI BTRPGMPRGTCQ A?L ?2JQM
A?JASJ?RCB QM ECMKCRPW MNRGKGX?RGML F?PKMLGA DPCOSCLAGCQ CR ACR

5FC $04.0 KMBCJ GQ ? BGCJCARPGA KMBCJ GL UFGAF RFC QMJSRC KMJCASJC GQ(
A?TGRW QSPPMSLBCB @W ? BGCJCARPGA KCBGSK UGRF EGTCL BGCJCARPGA AM
AMKNSRCB DMP ? AMLBSARMP DGPQR RFCL QA?JCB @W RFC DSLARGML

fv vV X V

5FC CKNGPGA?J) QA ®INCRGARBMMB GL RFC GLNSR B?R? @JMAI DMP RFC QMJT?RC
40-7"5*0/ RSPLQ RFC QMJT?RGML A?JASJ?RGML ML *L KMQR A?QCQ BCD?SJR T?.
N?P?KCRCPQ

5FC $04.0 PMSRGLC F?Q LCTCP @CCL RCQRCB UGRF LML E?Q NF?QC DP?EKCLRQ
RMR?J CLCPEW UPR DP?EKCLRQ E?Q NF?QC DMP QMJT?RGML 5FC $04.0 CLCP
GLRM ?AAMSLR LMR CTCL DMP RFC ?RMKQ ?LB LM GLDMPK?RGML GQ N?QQCB G
RFC DP?EKCLRQ ?PC BCDGLCB

*D ? A2JASJ?RGMLQ U?Q BMLC ML ? DP?EKCLR RFCL RFC U?TCDSLARGML M@R ?(
GL QMJSRGML @SR LMR MNRGK?J DMP E?Q NF?QC 5FC CLCPEGCQ UGRF RFC E?
?LB RFC ?NN?PCLR QMJT?RGML AMLRPG@SRGML RM @MLBGLE UMSJB ?2JQM @C F
$04.0 NPMACBSPC PCNMPRQ RFC CLCPEW MD &QMJT "# @SR RM ECR RFC QMJT"



RFC & "# QMJT DPMK & "# E?Q @CA?SQC RFC U?TCDSLARGML AF?LECQ SLJCQC
RFGQ WMS LCCB RM F?TC RFC Q?KC PCDCPCLAC DP?EKCLRQ GL C?AF A?QC " E

SOLVATION
{Surf Esurf {NOKEEP}}
{Div {Ndiv=3} {NFdiv=1} {Min=0.5} {OFAC=0.8}
{leb1=23} {leb2=29}rleb=1.5} }
{NOASS}
{Solv {Name=solvent} {Eps=78.4} {Del=1.4} {Rad=1.4}
{Emp=0.0}{Cav0=1.321}{Cav1=0.0067639} }
{RADII
namel=valuel
name2=value2

subend }

{Charged {Method=meth} {Conv=1e-6} {Omega=1.0} (Ilter=300}
{Corr}}

{C-Mat How {SCF} tol=1e-10 }

{DISC {SC=0.01} {LEG=4} {TOL=0.1} }

{SCF {When} {How}

{LPRT}

End

1PCQCLAC MD RFC 40-7"5*0/ ICW @JMAI RPGEECPQ RFC QMJTCLR A?JASJ?RGML
8GRF QS@ICWQ WMS A?L ASQRMKGXC T?PGMSQ ?QNCARQ MD RFC KMBCJ DMP G

I'M

LC MD RFC QS@ICWQ GQ M@JGE?RMPW 'MJIMUQ ? BCQAPGNRGML MD RFC QS

Surf

DIv

&QSPD KSQR @C 8QSPD "QSPD &QSPD ,J?KR MP %CJJCW 'GTC BGDDCPCLR
8QSPD RPGEECPQ RFC 7?L BCP 8??JQ QSPD?AC 7B8 UFGAF AMLQGQRQ MD R
"QSPD EGTCQ RFC 4MJTCLR "AACQQG@JC 4SPD?AC 4"4 5FGQ GQ QGKGJ?P R
@W RFC ACLRCP MD ? QNFCPGA?J QMJTCLR KMJCASJC PMJJGLE ?@MSR RFC 7
QSPD?AC APC?RCB @W ?RMKGA QNFCPCQ RM UFGAF RFC QMJTCLR P?BGSQ F?
AMLR?GL ASQNQ ?R RFC GLRCPQCARGML MD QNFCPCQ

&QSPD RFC BCD?SJR EGTCQ RFC 4MJTCLR &VAJSBGLE 4SPD?AC 4&4 UFGAF
surface MD ? QNFCPGA?J QMJTCLR KMJCASJC PMJJGLE ?@MSR RFC 7B8 QSPD?AC
QSPD?AC @SR GL RFC PCEGMLQ UFCPC RFC QNFCPCQ UMSJB GLRCPQCAR RF(
PCNJ?ACQ RFC ASQN

5FCQC QSPD?ACQ ?PC AMLQRPSARCB UGRF RFC (&10- ?JEMPGRFK <

5FC 4&4 QSPD?AC GQ RFC BCD?SJR GL "%

5FC DMSPRF QSPD?AC MNRGML G® *RRKRAIZEBCQ RFEASRNBIPEEGMLQ ?2JQM
5FC DGDRF QSPD?AC GQ RFC QM A?JJCB % GFEW /SR MA & WNCC VD QAN T3EROW <
AMLQRPSARGML GQ PCAMKKCLBCB RM @C SQCB GL $04.0 A?JASJ?RGMLQ UFG
$04.0 34 A?JASJ?RGML QCC RFC AMPPCQNMLBGLE K?LS?J DMP $04.0 34

5FC MNRGML?J N?P?KCRCP /0,&&1 AMLRPMJQ QSPD?AC APC?RGML BSPGLE A?.
LSKCPGA?J BGDDCPCLRG?RGML #W BCD?SJR RFC QSPD?AC GQ AMLQRPSARC
SQCB DMP RFC PCQR MD RFC A?JASJ?RGML *D RFC /0,&&1 GQ QNCAGDGCB RF
C?AF BGQNJ?ACB ECMKCRPW 5FC /0,&&1 MNRGML U?Q RFC BCD?SJR GL "%
U?Q DMSLB RM A?SQC NPM@JCKQ 4GLAC "%' MLC LCCBQ RM QNCAGDW 463"
@CF?TGMP

5FC ?ARS?J AMLQRPSARGML MD RFC QSPD?AC GLTMJTCQ ? DCU RCAFLGA?J N



/IBGT AMLRPMJQ FMU DGLC RFC QNFCPCQ RF?R GL D?AR BCQAPG@C RFC QSPD
RPG?LEJCQ C?AF AMLR?GLGLE MLC NMGLR AF?PEC RM PCNPCQCLR RFC NMJ?
BGTGQGML JCTCJ DMP RPG?LEJCQ /BGT %CD?SJR DGL?J BGQGML JCTCJ DMF
.GL QNCAGDGCQ RFC QGXC GL ?LEQRPMK MD RFC QK?JJCQR QNFCPC RF?R K
‘MP 7B8 ?LB 4"4 QSPD?ACQ GR F?Q LM KC?LGLE %CD?SJR .GL
OD?A GQ ? K?VGKSK ?JJMUCB MTCPJ?N MD LCU APC?RCB QNFCPCQ GL RFC AN
OD?A
'MP RFC %CJJCW RWNC MD AMLQRPSARGdL MBLCDRPSCR Q #0988 CBCHD RFIRT?PG?@ J !
T?JSC rnebLBBCD?SJR T?JSC "LEQRPMK RM QCR RFC LSK@CP MD QSPD?AC
MD ?L ?RMK G QlebM SQEDRFMRFCPUBHRC SRCQC T?JSCQ A?L @C AF?LECB SQGL
FGEFCP TRBSEC?DBOP EGTCQ KMPC QSPD?AC NMebLRIED2 KBRGK?J T2ISC MD
KC?LQ QSPD?AC NMGLRQ GL A?QC MD ? QGLEJC ?RMK ?LB KC?LQ QS
QGLEJC ?RMK 5WNGA?I@gIwW DML RARMCS QS BQTA ClédM ®IVRP RFG @EBD?AC NMGLRQ M
MRFCP CJCKCLRQ

NOASS

#W BCD?SJR ?JJ LCU QNFCPCQ RF?R ?PC APC?RCB GL RFC QSPD?AC AMLQRPS
NSPNMQC MD EP?BGCLR AMKNSR?RGMLQ ECMKCRPW MNRGKGX?RGML 4NCAC
F?Q LM ?PESKCLR

Solv

4MJTCLR BCR?GJQ &NQ QNCAGDGCQ RFC BGCJCARPGA AMLQR?LR RFC BCD?ES
T?JSC DMP &NQ GQ AFMQCL GD &NQ GQ QNCAGDGCB RM @C JMUCP RF?L 3
QNFCPC QMJTCLR KMJCASJCQ GL ?LEQRPMK *LQRC?B MD QNCAGDWGLE &NQ
L?KC MP DMPKSJ? ?DRCP L?KC 5FC DMJIJMUGLE R?@JC JGQRQ L?KCQ ?LB D
AMPPCQNMLBGLE T?JSCQ DMP &NQ ?LB 3?B 5FC L?KCQ ?LB DMPKSJ?Q ?PC A?

/I?KC "MPKSJ? &NQ3?B
"ACRGA"AGB $) $00)
"ACRMLC $) $09%)
"ACRMLGRPGJC $) $/
"KKMLG? 1)

"LGJGLC $) /)
#CLXCLC $)
#CLXWJ"JAMFMJ $ ) $) 0)
#PMKMDMPK $)#P
#SR?LMJ $)0)
GQM#SR?LMJ $) $)%$) 0)
RCPR#SR?LMJ $) $0)

$?P@ML%GQSJIDGSL
$?P@ML5CRP?AFJMRGBC
$FIMPMDMPK $)$
$WAJMFCV?LC $)
$WAJMFCV?LMLC $ ) 0
%GAFJMPM@CLXC G $J
%GCRFWJ&RFCP $) $) O
%GMV?LC $)0

%.
.40 $) 40

%

$) [/$)0



&RF?LMJ $) $) 0)

&RFWJ"ACR?RC $) $003%) $)
%GAFIJMPMCRF?LGJS$) $) $J
&RFWJCLC(JWAMJO0S$) $) 0)

'MPK?KGBC )$07/)
'MPKGA"AGB )$00)
(JWACPMJ $)0
YCV?KCRFWJ1FMQNFMP®PKGBC
yCV?LC $)
YWBP?XGLC /)
.CRF?LMJ $) 0)

.CRFWJ&RFWJ,CRH#¥)LE) $09%)
%GAFIJMPMKCRF?$¢ $J
.CRFWJIDMPK?KGBGO0/)$)
.CRFWNWPPMJIGB&LMDC
IGRPM@CLXCLC $) /0
IGRPMECL /
IGRPMKCRF?LC $) /0
IFMQNFMPWJ$FIMPGBC

*QM1PMN?LMJ $) $)0)
1WPGBGLC $ )/
4SJDMJ?LC $) 40
5CRP?FWBPMDSPBL) 0
5MJSCLC $) %)

5PGCRFWJ?KGLC $) $) /
5PGDJSMPM?ACR GA '$O0B
8?RCP ) 0

&KN ?BBPCQQCQ RFC CKNGPEARFQMAMBKEID ZARNMTPC
ORFCP MNRGMLQ QNCAGDW ? JGLC?P N?P?KCRCPGX?RGML MD LML CICARPMQ!|

ELmL cafgw r $"7 $"drea

*L MPBCP RM AMLQRPSAR RFC QSPD?AC WMS F?TC RM QNCAGDW RFC ?RMKGA
U?wWQ MD BMGLE RFGQ *L RFC DGPQR KCRFMB WMS ?NNCLB 3 T?JSC RM RFC
"50.4 ICW @JMAI 5FGQ UMSJB JMMI JGIC DMP GLQR?LAC

| C123CCCCOCCOH f=C.dz R=2.0

*R ?QQGELQ ? P?BGSQ MD RM RFC $?P@ML ?RMK
*L RFC QCAMLB KCRFMB WMS ?NNJW RFC Q?KC DMPK?R @SR QNCAGDW ? QWK

| C123CCCCO CCOH f=C.dz R=C-sp3

5FC GBCLRGDGCPQ KSQR @C BCDGLCB GL RFC MNRGML?J 3"%** QS@ICW @J!I
LCVR

*L RFC RFGPB KCRFMB WMS BML R KMBGDW RFC "RMKQ @JMAI ?R ?JJ *L RFG
?LB RFC GBCLRGDGCPQ GL GR KSQR @C CV?ARJW RFC ?RMK RWNC L?KCQ GL

Radii



5FGQ QS@ICW GQ @IJMAI RWNC *RQ B?R? @JMAI GD RFC QS@ICW GQ SQCB K
RFC 3?BGG B?R? @JMAI WMS EGTC ? JGQR MD GBCLRGDGCPQ ?LB T?JSCQ

SOLVATION
Radii
namel=valuel
name2=value2
Subend

End

S5FC T?JSCQ ?PC RFC P?BGG MD RFC ?RMKGA QNFCPCQ GL RFC Q?KC SLGRQ N
?LEQRPMK MP @MFP 5FC L?KCQ QNCAGDW RM UFGAF ?RMKQ RFCQC T?JSCQ
QS@ICW RFGQ BCNCLBQ ML RFC "RMKQ @JMAI *D GL RFC QNCAGDGA?RGML M
3 AMLQRPSAR RM ?QQGEL P?BGG UGRF GBCLRGDGCPQ P?RFCP RF?L T?JSC(
BCDGLCB GL RFC 3?BGG QSs@ @JMAI *D LM 3 AMLQRPSAR U?Q ?NNJGCB GL |
?RMK RWNC L?KCQ ?Q RFCW MAASPPCB GL RFC "RMKQ B?R? @JMAI 3CDCPPGL
QS@ICW BGQASQQGML WMS KGEFR F?TC

Radii
C-sp3=2.0

Subend

" QGKNJC ?RMK RWNC PCDCPCLAC KGEFR JMMI JGIC

Radii
C=2.0

Subend

8FCL LM P?BGSQ QNCAGDGCB ? BCD?SJR T?JSC GQ SQCB 5FC BCD?SJR T?JSC
7?L BCP 8??JQ P?BGSQ DPMK RFC .. KCRFMB @W "JJGLECP BGTGBCB @W

5FGQ AMLAJSBCQ RFC BGQASQQGML MD RFC 3?BGG QS@ICW

CHARGED

S5FGQ ?BBPCQQCQ RFC BCRCPKGL?RGML MD RFC NMGLR AF?PECQ RF?R KMBC
$04.0 A?JASI?RGMLQ WMS AMKNSRC RFEW MO TAC N R BC RCWMBERBEC/Q "

RFC KMJCASJ?P NMRCLRG?J ?R RFC JWAPRGKBO RPF RRC IISBDREC M RECHEMC K?RF
AF?PECQ 5FC LSK@CP MD AF?PECQ A?L @C QS@QR?LRG?J ?LB RFC K?RPGV "
G C GLTCPQGML MD " K?W @C TCPW ASK@CPQMKC MP CTCL GKNMQQG@JC B¢
A?QC WMS F?TC RM PCQMPR RM ?L GRCP?RGTC KCRFMB

.CRF QNCAGDGCQ RFC COS?RGML QMJTGLE ?JEMPGRFK .CRF */7&3 PCOSCQRC(
DMP RFC (?SQQ 4CGBCJ GRCP?RGTC KCRFMB .CRF +?AM@G ?ARGT?RCQ ?LMR
J?RRCP RUM KCRFMBQ PCOSGPC ? NMQGRGTC BCDGLGRC K?RPGV UFGAF K?W
A?JASJ?RGML ?LB A?L @C SQCB UGRF ? PCJ?V?RGML RCAFLGOSC AMLRPMJJ(

LM PCJ?V?RGML



.CRF $0/+ BCD?SJR SQCQ RFC NPCAMLBGRGMLCB @GAMLHSE?RC EP?BGCLR
AMLTCPEC ?LB BMCQ LMR PCOSGPC FSEC ?KMSLRQ MD KCKMPW

$0/7 ?LB *5&3 ?PC RFC AMLTCPECLAC APGRCPGML ?LB RFC K?VGKSK LSK@CP |
KCRFMBQ

4MKC MD RFC KMJCASJ?P CJCARPMLGA AF?PEC BGQRPG@SRGML K?W @C JMA"
?QQSKNRGMLQ SLBCPIJWGLE RFC $04.0 COS?RGMLQ 4NCAGDWGLE RFC $033 M
AMLQRP?GLQ RFC AMKNSRCB QMJTCLR QSPD?AC AF?PECQ RM ?BB SN RM RFC

C-MATRIX

YMU 'MP RFC{NMRICLERE RFC $MSIMK@ GLRCP?ARGMB @ER KMIJIC REL?RF?PECQ
CJCARPMLGA BCLQGRW ?LB LSAJCG 5FPCC KCRFMBQ ?PC ?2T?GJ?@JC QNCA
QsS@ICwW
? &9"$5 AMKNSRC RFC QRP?GEFRDMPU?PB $M§IOUK@? AMRGIGRR?MB RERM RF(
KMJCASJ?P LSKCPGA?J GLRCEP?RGML EPGB ?LB GLRCEP?RC ?E?GLQR RFC CJ!
NPGLAGNJC CV?AR @SR K?W F?TC GL?AASP?AGCQ UFCL RFC LSKCPGA?J GLR(
NMQGRGMLQ (M5 REKEBW RFGQ RFE&?NMBCRQKRPECE MSR ?LB PCNPCQCLRC
BGQA QCC RFC LCVR QS@ICW %*4$
@ '*5 Q?KC ?Q &9"$5N@BRLRBCJQ ?PC LMU GLRCEP?RCB LMR ?E?GLQR RFC C
BCLQGRW @SR ?E?GLQR RFC KSAF AFC?NCP RM AMKNSRC DGRRCB BCLQGRYV
A 105 CT?JS?RC RFC KMJCASJ?P NMRCLRG?1 B K RFRGNW)@EECGILQRDRREC AF?
QRPCLERF 4GLAC RFC KMJCASJ?P $MSIJMK@ NMRCLRG?J GQ AMKNSRCB DPMK
PCQSJRQ @CRUCCL RFC '*5 ?LB RFC 105 ?NNPM?AF QFMSJB @C ?RRPG@SRCB
105 GQ RFC BCD?SJR @CA?SQC GR GQ D?QRCP ?LB GQ MLJW GL?BCOS?RC Gl
UMSJB @C ? NPM@JCK ?LWU?W

4$' *D WMS QNCAGDW RFGQ MNRGML RFC AMKNSR?RGML MD RFC $MSJMK@
?2LB QSPD?AC AF?PECQ GQ A?PPGCB MSR BSPGLE RFC 4%' NPMACBSPC @SR F
AMLTCPECLAC @CF?TGMP 5FCPCIPWRC SWR8 BRARREOLBMBP?K UGJJ QUGRAF |
MRFCP KCRFMBQ ?Q EGTCL @W RFC )MU MNRGML ?Q QMML ?Q RFC 4%$' AMI
50- ?NNJGCQ MLJW RM RFC 4%$' MNRGML UFGAF GQ LMR PCAMKKCLBCB

DISC

"NNJGCQ MLJW UFCL RFC $ K?RPGV KCRFMB GQ &9"$5 MP '*5 /MRC FMUCTCP
KCRFMB GQ 105 GL UFGAF A?QC RFC %*4$%$ QS@ICW F?Q LM KC?LGLE 5FC %*4
RFC NMGLRy RFRWPEQRJIGB SLGDMPKJIW AF?PECB QNFCPGA?J QSPD?AC BGQA UF
GLRCEP?RGML ?AASP?AW PCOSGPCQ QM G C DMP RFMQC AF?PECQ RF?R ?PC
ONRGMLQ

4%$ BCDGLCQ ? QFPGLIGLE D?ARMP @W UFGAF RFC ?ARS?J BGQA P?BGSQ SQC
GLQAPG@CB BGQA GL RFC RPG?LESJ?P QSPD?AC N?PRGRGMLQ RF?R BCDGLC
QS@ICW %*7

-&( EGTCQ RFC NMJWLMKG?J CVN?LQGML MPBCP MD RFC BGQA NMRCLRG?JQ !
P?NGBJW ?LB RFC BCD?SJR QFMSJB @C ?BCOS?RC

50- GQ ? RMJCP?LAC N?P?KCRCP RM AMLRPMJ RFC ?AASP?AW MD RFC BGQA N

SCF

*L $04.0 A?JASJ?RGMLQ WMS A?L GLAJSBC RFC QSPD?AC AF?PECQ GL RFC 'MA
@W PCAMKNSRGL& ?RFC TAOPW HAGQ AWAJC ?LB GLAJSBC RFCK GL RFC COS?RGML
NCPRSP@?RGML?J K?LLCP G C NMQR 4%' 5FGQ GQ AMLRPMJJCB UGRF RFC D
CGRFCP 7"3 MP 1&35 DMP T?PG?RGML?J ?LB NCPRSP@?RGML?J PCQNCARGTC
5FC QCAMLB )08 MNRGML ?NNJGCQ MLJW RM RFC 8)&/ 7"3 A?QC ?LB K?W ?DD
AMLTCPECLAC 5FC $04.0 A?JASJ?RGML GKNJGCQ ? AMLQGBCP?@JC GLAPC?QC



"-- BFGQ GLAJSBCQ GR GL ?JJ 4% AWAJCQ CVACNR DMP RFC DGPQR 4%' AW,

-"45 5FGQ JCRQ RFC NPMEP?K DGPQR AMLTCPEC RFC 4%' AMKNJCRCJW UGRF
RFC $04.0 GQ RSPLCB ML FMNCDSJJW AMLTCPEGLE GL DCUCP AWAJCQ LMU R
CDDMPR

50- MP ?LMRFCP T?JSC GQ ?L GL @CRUCCL ?NNPM?AF AMLTCPEC RFC E°
CPPMP GQ @CJMU 50- RFCL RSPL ML $04.0

LPRT

5FGQ GQ ? BC@SE QUGRAF ?LB RPGEECPQ ? JMR KMPC MSRNSR PCJ?RCB RM F

Warning about frequencies with COSMO model

ISKCPGA?J DPCOSCLAGCQ A?JASJ?RCB UGRF $04.0 QFMSJB d@@dARERLICB DMP QR
LSKCPGA?J BGDDCPCLRG?RGML QRCN QGXC 5FC NPM@JCK GQ RF?R RFC $04.0 ¢
GQ KMTCB DPMK GRQ COSGJG@PGSK NMQGRGML 5FC AF?LEC GQ SQS?JJW QK?J
MP ?LLGFGJ?RGML MD QSPD?AC NMGLRQ UFGAF UGJJ JC?B RM BGQAMLRGLSGRC(
PCQSJR GL GL?AASP?RC DPCOSCLAGCQ

5FSQ UFCL A?JASJ?RGLE TG@P?RGML?J DPCOSCLAGCQ LSKCPGA?JJW UGRF $04
disrad T?JSC SLRGJ LM AF?LECQ GL DPCOSCLAGCQ ?PC M@QCPTCB )MUCTCP REFC
@CA?SQC RFCL RFC RMR?J LSKCPGA?J LMGQC K?W @CAMKC RMM J?PEC AMKN?P
PCAMKKCLB?RGML UMSJB @C RM RPW RM BCAPC?QC BGQP?B @W ? D?ARMP MD
@C TCPW CVNCLQGTC DMP ? J?PEC KMJCASJC *D RFGQ RFC A?QC MLC QFMSJB
PCA?JASJ?RC MLIJW ? QK?JJ LSK@CP MD DPCOSCLAGCQ *R QFMSJB @C LMRCB R
QK?JJ DMPAC AMLQR?LR ?PC KMPC QCLQGRGTC RM RFC LSKCPGA?J LMGQC

QM/MM: Quantum mechanical and Molecular Mechanics model

"%' QSNNMPRQ RFC 2. .. KCRFMB RM F?LBJC J?PEC QWQRCKQ MP CLTGPMLKCLR
RFC ?RMKQ OS?LRSK KCAF?LGA?JJW ?LB RFC MRFCP MLCQ @W KMJCASJ?P KCAF
@W RFC 2. .. ICWUMPB @JMAI RWNC 5FC DSLARGML?JGRW ?LB ?JJ BCR?GJQ M
MNRGMLQ ?LB ?QNCARQ ?PC BCQAPG@CB GL RFC QCN?P?RC 2. .. K?LS?J

4CC ?JQM RFC NB@ ?BD SRGJGRW BCQAPG@CB GL BCR?GJ GL RFC 6RGJGRGCQ
"%' GLNSR DGJC DMP SQC UGRF 2.

DRF: Discrete Solvent Reaction Field Model

5FC %GQAPCRC 4MJTCLR 3C?ARGML 'GCJB %3' KMBCJ GQ ? FW@PGB 2S?LRSK K
.CAF?LGAQ 2. .. KMBCJ DMP QRSBWGLE QMJT?RGML CDDCARQ ML RGKC BCNCL
BGNMJC KMKCLRQ CVAGR?RGML CLCPEGCQ=?LBFFWNTPQKM 23 PEGKITE RGKRINEIIAASS .
?PC PCNPCQCLRCB SQGLE BGQRPG@SRCB ?RMKGA AF?PECQ ?LB NMJ?PGX?@GJC

DRF Theory

8GRFGL RFC %GQAPCRC 4MJTCLR 3C?ARGML 'GCJB KMBCJ RFC 2. .. MNCP?RMP G

Y2. .. 1a™% Be <9 ¥ME.



UFCPC RFC Dé‘b@@ REPICITARPMQR?RGA MNCP?RMP ?LB BCQAPG@CQ RFC $MSJ
2. QWQRCK ?LB RFC NCPK?LCLR AF?PEC BGQRPG@SRGML WMJBQCRQMJTCLR KMJC
NMI?PGX?RGML MNCP?RMP ?LB BCQAPG@CQ RFC K?LW @MBW NMJ?PGX?RGML M
RFC AF?PEC BGQRPG@SRGML MD RFC QMJTCLR KMJCASJCQ BSC RM GLRCP?ARGI
KMJCASJCQ 5FC AF?PEC BGQRPG@SRGML MD RFC QMJTCLR GQ PCNPCQCLRCB ¢
NMI?PGX?RGML @W GLBSACB ?RMKGA BGNMJCQ ?R RFC QMXITEQROKIMIBASICQ 5
@W QMJIJTGLE ? QCR MD JGLC?P COS?RGMLQ

S g u<® PR RIS R PRy =

UFCPE1IGQ ? AMKNMLCLR MD RFC ?RMKGA sNaF? RARET@ GG 8 B RELQ I6R RRPQ SRGM
RCLQMP GQ EGTCL @W

5 QR |} Boker3gRr 3 Qr fow| 3qr

UFCPC RFC B?KNGE@QIDBXLQWR?CFL@C[D:L GLRPMBSAEB" QRC?RICBMMSR NMGLR AF?PE
KMBCJ<GQ SQCB DMP QFMPR P?LEC B?KNGLE MD RFC 2. .. MNCP?RMP

3ok 4dorerf 30RDHR

5FC QA?JCB BGRRRPCA®CNJI?ACQ RFC LORRK?RBGQR2LMECP?RMP

Parameters needed in the DRF model

*L MPBCP RM NCPDMPK ? %3' A?2JASJ?RGML RUM RWNCQ MD N?P?KCRCPQ KMBC.
NMJ?PGX?@GJGRGCQ DMP C?AF RWNC MD ?RMK GL RFC .. N?PR ?PC PCOSGPCB
JC?QR RFC NCPK?LCLR KMJCASJ?P BGNMJC KMKCLR ?LB RFC BGQRPG@SRCB ?R
NMJ?PGX?@GJGRW RCLQMP 5FC ?RMKGA AF?PECQ A?L QRP?GEFRDMPU?PB @C |
$F?PECQ .%$ <4CC QCARGML .%$= ?LB RFC BGQRPG@SRCB NMJ?PGX?@GJGRGC
PCDGRRGLE RFCK RM K?RAF RFC A?JASJ2RGBGIM23PI3 N Q@I R VW RICN. DA R <M A C B
M@R?GL RFC QMJTCLR KMBCJ N?P?KCRCPQ UFGAF QS@QCOSCLRJW A?L @C SQC

DRF input

5M PSL ? %3' A?JASJ?RG MRARRUBXERNAS ITRCQP COS BREIEWSAGLRPMJIQ RFC
ECLCP?J MNR GHEKIERNALBI RWCNPMTGBCQ RFC ?RMKGA B?PORAIUBRIEC .. 2RMKQ 5FC
not @C SQCB GL AMK@GL?RGML UGRF $04.0 2. .. ECMKCRPW MNRGKGX?RGML D
AF?PECQ

" %3' A?JASJ?RGML ?PC GLTMICB @DRFRFC DMJJMUGLE @JMAI ICW

DRF
{NORESP}
{NOPOL}
{NOCHAR}
{LOCALFIELD}
{EFIELD ex ey ez &}
{AFAC a}

end

NORESP



%3' GQ GELMPCB GL 3&410/4& ?LB &9%$*5"5*0/
NOPOL
5FC K?LW @MBW MNCP?RMP GQ GELMPCB LM GLBSACB BGNMJCQ
NOCHAR
5FC $MSIMK@ MNCP?RMP GQ GELMPCB LM AF?PECQ
LOCALFIELD
-MA?J 'GCJBQ ?PC GLAJSBCB
EFIELD

JMKMECLCMSQ CVRCPL?J CJCARPGA DGCJB GQ GLAJSBCB CV T?JSC MD DGCJI
BGPCARGML ?LB CX T?JSC MD DGCJB GL X BGPCARGML " AMLRGLS?RGML QW
SLGRQ

EXTERNALS

5F EXTERNALS@ JMAI ICW AMLRPMJQ RFC GLNSR B?R? DMP RFC .. ?RMKQ *D RFGQ C
A?JASJ?RGML UGJJ @C NCPDMPKCB 'MP C?AF .. ?RMK RFC DMJIJMUGLE B?R? ?P(

EXTERNALS
atm num grp-nam grp-num, char, X, y, X, pol

GROUP
{3

end

atm

5WNC MD ?RMK G C ) O
num

LSK@CP MD ?RMKQ MNRGML?J
grp-nam

/?KC MD RFC EPMSN RM UFGAF RFC ?RMK @CJMLEQ
grp-num

/I SK@CP MD RFC EPMSN RM UFGAF RFC ?RMK @CJMLE
char

?RMKGA AF?PEC GL ?RMKGA SLGRQ

V AMMPBGL?RC



W AMMPBGL?RC

X AMMPBGL?RC
pol

?RMKGA NMJ?PGX?@GJGRW GL ?RMKGA SLGRQ
GROUP

*LBGA?RCQ RFC CLB MD EPMSN

5FC QCN?P?RGML MIOIGROWPQ A?PIC G KLNRMR?LR 4GLAC GL RFC K?LW @MBW NMJ?PG
GLRCP KMJCASJ?P GLRCP?ARGMLQ G C MLJW GLRCP?ARGML @CRUCCL QGRCQ |
GLAJSBCB 5FCPCDMPC GR GQ GKNMdgrRamR Brf-Aukn R FBCQ AMLIKCG@ G ICCB MPR @ GA IE

GROUP

"L CV?KNJEXMEBNALS@ JMAI DMP RUM U?RCP KMJCASJCQ
EXTERNALS
O 4 water 2,-0.6690, -11.380487, -11.810553, -4.515226, 9.3005
H 5water 2, 0.3345, -13.104751, -11.837669, -3.969549, 0.0690
H 6 water 2, 0.3345, -10.510898, -12.853311, -3.320199, 0.0690
GROUP
O 7 water 3,-0.6690, -1.116350, 9.119186, -3.230948, 9.3005
H 8 water 3, 0.3345, -2.822714, 9.717033, -3.180632, 0.0690
H 9water 3, 0.3345, -0.123788, 10.538199, -2.708607, 0.0690
GROUP
.}

end

FDE: Frozen Density Embedding

5FC 'PMXCL %CLQGRW &K@CBBGLE '%& MNRGML GLTMICQ A?JASJ?RGML MD RF(
GLRPMBSACB @W 8CQMJIMUSBIGL?MPBCP M R%XIC GLRM ?AAMSLR RFC CDDCAR MD
RFC CIJCARPMLGA QRPSARSPC MD ?L CK@CBBCB QWQRCK= 5FCNCK@@BBGLE NMR!
CVNJGAGRJW ML CIJCARPML BCLQGRGCQ AMPPCQNMLBGLE RM RFC CK@CBBCB Q:
CLTGPMLKCLR CE QMJTCLR 'MP ? BGRBGCCBIPCGRGBICOKQICRC?BRGML<MD RFC KCR
BCQAPG@CB GL BCR?8J5FIC 3KNICKCLR?RGML MD "% & GL "%’ F?Q @CCL AMKN
?LB GKNPMTCB 5FCPCDMPC RFC GLNSR DMPK?R F?Q @CCL AF?LECB UGRF PCQI!I

" RGKC BCNCLBCLR JGLC?P PCQNMLQC ECLCP?JGX?RGML MD RFGRQCK@CBBGLE
GKNJCKCLR?RGML GL ?L ?NNPMVGK?RC DMPK UFGAF ?QQSKCQ ? JMA?JGXCB PC
GQ BCQAPG@CB GL RFC QSNNJCKELRPPWMQRCRGITI AW B@DAKQ ?LB NGRD?JJQ G
UGRF RFGQ ?NNPMVGK?RGML=QCC 3CDQ <

" ECLCP?JGX?RGML MD RFC '"%& QAFCKC RM RFC A?JASJ?RGML=MD /.3 QFGCJBGL
UFCPC ?2JQM RFC ?NNPMVGK?RGMLQ GLTMJTCB ?LB NMQQG@JC NPM@JCKQ ?PC I

5FC ASPPCLR GKNJCKCLR?RGML GL "%' ?2JJMUQ RFC A?JASJ?RGML MD KMJCASJ?
CJCARPML BCLQGRW ?LB MD PCQNMLQC NPMNCPRGCQ SQGLE 5%%'5 'MP ?L ?NN



KMJCASJ?P NPMNCPRGCQ GL QMJSRGML ?LB ? AMKN?PGQML RM RFC %3' KMBCJ
'MP DSPRFCP ?NNJGA?RGMLQ MD RFC "% GKNJICWCERREBBMAR QLECAMIMNICVCQ 3
< = QMJTCLR CDDCARQ ==ZLBMRFROIPQCKTGPMLKCLR CDDCARQ

FDE Input

5M GLTMIC ? DPMXCL BCLQGRW CK@CBBGLE A?JASJ?RGML RUM ?BBGRGML?J QN
'"GPQR MLC MP KMPC DPMXCL DP?EKCLRQ F?TC RM @C GLAJSBCB GL RFC '3"(.&/
ICW "%& F?Q RM @C GLAJSBCB *L RFC QGKNJCQR A?QC RFGQ GLNSR QFMSJB J!

FRAGMENTS

i:"ragType FragFile type=FDE
EN.IS
FDE

PW91K
end

*L RFC '3"(.&/54 @JMAI DMP ?LW DP?EKCLR GR GQ NMQQG@JC RM QNCAGDW RF(
BCLQGRW MD RFGQ DP?EKCLR GQ ICNR DPMXCL 5FGQ BCLQGRW GQ GKNMPRCB
F?TC RM @C GLAJSBCB GL ?BBGRGML RM RFC SQS?J LMLDPMXCL DP?EKCLRQ 5
RM @C GLAJSBCB GL RFC "50.4 @JMAI "Q UGRF LMPK?J DP?EKCLRQ RFC DP?EK!
?LB RP?LQJ?RCB RM GRQ NMQGRGML QNCAGDGCB GL RFC "50.4 @JMAI '"MP KMP(
RFC QCARGML DP?EKCLR DGJCQ *L RFC '%& GLNSR @JMAI RFC PCAMKKCLBCB
?NNPMVGK?LR GQ PCAMKKCLBCB DMP RFC LML ?BBGRGTC IGLCRGA CLCPEW RFC(
?NNPMVGK?LRGML 'MP ?2JJ MRFCP MNRGMLQ RFC BCD?SJRQ UGJJ @C SQCB

1JC?QC LMRC RF?R RFPMSEFMSR RFC '"%& N?PR MD RFC BMASKCLR?RGML RFC U
RFC KMPC SQS?J DSLARGML?J RM CKNF?QGXC RF?R RFC CV?AR DSLARGML?J G
IGLCRGA CLCPEW DSLARGML?J *L RFC JGRCP?RSPC MLC K?W CLAMSLRCP @MRF

#W GLAJSBGLE KMPC RF?L MLC DPMXCL DP?EKCLR GR GQ NMQQG@JC RM SQC ?
RFC BCLQGRGCQ MD GQMJ?RCB KMJCASJCQ RFGQ U?Q NMQQG@JC GL RFC NPCT
MNRGML 'MP ? BGQASQQGML ?LB RCQRQ MD RFC SQC MD QSAF?NNPMVGK?RC (

5FCPC GQ LM PCQRPGARGML ML RFC SQC MD QWKKCRPW GL "%& A?JASJ?RGMLQ
BCRCARCB ?SRMK?RGA?JJW )MUCTCP GL RFC NPCN?P?RGML MD DPMXCL DP?EK
GL RFC '"%& A?JASJ?RGML MLC F?Q RM GLAJSBC RFC ICWUMPB /04:.'*5 DMP RCA|

*L RFC ASPPCLR GKNJCKCLR?RGML MLJW RFC CJCARPML BCLQGRW MD RFC CKG@
5FCPCDMPC MLJW NPMNCPRGCQ RF?R BCNCLB BGPCARJW ML RFC CJCARPML BC
*L N?PRGASJ?P RFC A?JASJ?RGML MD GLRCP?ARGML CLCPEGCQ MP MD CLCPEW
OS?LRGRGCQ EGTCL GL RFC MSRNSR PCDCP SLJCQQ CVNJGAGRJW QNCAGDGCB

5FC 5%%'5 CVRCLQGML MD RFC "%& DMPK?JGQK ?2JJMUQ RFC A?JASJ?RGML MD C
NMI?PGX?@GJIJGRGCQ 5FGQ CVRCLQGML GQ ?SRMK?RGA?JIJW ?ARGT?RCB GD "%
&9%$*5"5*0/4 MP RFC 3&410/4& ICW

5M CKNJMW RFC CVRCLQGML MD '%& RM RFC A?JASJ?RGML MD /.3 QFGCJBGLEQ
'%& A?JASI?RGML @W GLAJSBGLE RFC MNRGML 4"7& 5"1& ?LB QS@QCOSCLRJ
A?JASJ?RCB SQGLE RFC NPMEP?K /.3 LMR UGRF &13



Fragment-specific FDE options

'MP C?AF DPMXCL DP?EKCLR QCTCP?J ?BBGRGML?J MNRGMLQ A?L @C ?NNJGCB
SQCB ?Q ? QS@@JMAI ICW @W ?NNCLBGLE ? QGEL 5FC QS@@JMAI GQ RCPKGL
JMMIQ GL RFC KMQR ECLCP?J DMPK ?Q DMJJMUQ

FRAGMENTS

FragType FragFile type=FDE &
{FDEOPTIONS [USEBASIS] [RELAX or FREEZEANDTHAW]}
{FDEDENSTYPE [SCF | SCFexact | SCFfitted ]}
{RELAXCYCLES n or FREEZEANDTHAWCYCLES n}
{XC [LDA | GGA ggapotx ggapotc | MODEL SAOP]}

SubEnd

END

FDEOPTIONS
FDEOPTIONS USEBASIS

*D RFC 64&#"4*4 MNRGML GQ QNCAGDGCB RFC @?QGQ DSLARGMLQ MD RFG.
A?JASJ?RGML MD RFC CK@CBBCB QS@QWQRCK 5FGQ ?JJMUQ RM CVN?LB R
QS@QWQRCK SQGLE LMR MLJW ?RMK ACLRCPCB @?QGQ QCRQ JMA?JGXCB G
RFC MLCQ GL RFC CLTGPMLKI?IPFEGOPA?IC QGKSJ?RGMLQ SQGLE RFC CK@CB
MNRGML GQ PCAMKKCLBCB RM @C SQCB GL RFC NPCN?P?RGML QR?EC RM G
MD RFC PCQSJRQ AF?NRCBFGQGMMNMRGME GQ ?JQM ?L GLBGQNCLQ?@JC CJCH
NPMACBSPC GLRPMBSARM RLQFCRPNNPMVGK?LRQ RM RFC IGLCRGA CLCPEW A
CK@CBBGLE NMRCLRG?J GLRPMBSACB @W 8CQMJMUQIG ?LB 8?PQFCJ

FDEOPTIONS RELAX or FREEZEANDTHAW

*D RFC 3&-"9 MNRGML MP COSGT?JCLR '3&&;&"/%5)"8 MNRGML GQ QNCAGD(
DP?EKCLR UGJJ @C PCJ?VCB GL DPCEXG CLBRIF? C K@ @BBQB<QS®QWQRCK C
DPMXCL UFGJC RFGQ DP?EKCLR GQ RF?UCB 5FGQ GQ PCNC?RCB SLRGJ Al
K?VGKSK LSK@CP MD GRCP?RGMLQ F?Q @CCL NCPDMPKCB #W PCJ?VGLE D
GKNPMTC ? EGTCL ?NNPMVGK?RC CLTGPMLKCLR BCLQGRW @W GLAJSBGLE |
BSC RM RFC CK@CBBCB QWQRCK

5FGQ MNRGML GQ PCAMKKCLBCB RM @C SQCB GL RFC NPCN?P?RGML QR?EC
QGKSJ?RGML 5FC DPCCXC ?LB RF?U A?JASJ?RGMLQ JC?B RM ? N?GP MD CJ
?LB CLTGPMLKCLR RF?R KGLGKGXCQ RFC RMR?J CLCPEW "Q ? AMLQCOSCL
CLTGPMLKCLR BCPGTCB DPMK RFC DPCCXC ?LB RF?U A?JASJ?RGMLQ A?L @
?BCOS?AW MD RFC ?QQSKCB CJCARPML BCLQGRW DMP RFC CLTGPMLKCLR G

FDEOPTIONS USEBASIS RELAX or FDEOPTIONS USEBASIS FREEZEANDTHAW

*R GQ DSPRFCP NMQQG@JC RM AMK@GLC 64&#"4*4 ?LB 3&-"9 MP '3&&;&"/%5
@?QGQ DSLARGMLQ MD RFC LMLDPMXCL DP?EKCLR UGJJ @C GLAJSBCB UFC
PCJ?VCB 5FGQ ?JJMUQ DSJJW PCJ?VCB A?JASJ?RGMLQ UGRF QSNCPKMJCA.
MD C?AF QS@QWQRCK 5FGQ MNRGML GQ RM @C SQCB RM RCQR ?NNPMVGK
RFC CK@CBBGLE NMRCLRG?J GLRPMBSACB @W 8CQMJMUQIG ?LB 8?PQFCJ G
GLRPMBSACB &L <3CD

FDEDENSTYPE



5FC '%&%&/45:1& MNRGML A?L @C SQCB RM QNCAGDW UFGAF BCLQGRW GQ PC
NMQQG@JC MNRGMLQ ?PC

FDEDENSTYPE SCF (or FDEDENSTYPE SCFexact)

5FC CV?AR BCLQGRW LMR A?JASJ?RCB SQGLE RFC DGR DSLARGMLQ GQ SQ

FDEDENSTYPE SCFfitted

5FC DGRRCB BCLQGRW GQ SQCB 5FGQ GQ JCQQ ?AASP?RC @SR A?L @C QG

RELAXCYCLES n or FREEZEANDTHAWCYCLES n

5FGQ EGTCQ RFC K?VGKSK LSK@CP MD DPCCXC ?LB RF?2U AWAJCQ RF?R ?PC N
K?VGKSK LSK@CP EGTCL GL RFC "%& @JMAI GQ QK?JJCP MP GD AMLTCPECLA(
AWAJCQ ?PC NCPDMPKCB 'MP FGQRMPGA?J PC?QMLQ RUM COSGT?JCLR ICWU

XC

5FC 98 MNRGML A?L @C SQCB RM QCJCAR RFC CVAF?LEC AMPPCJ?RGML NMRC
UFCL GR GQ PCJ?VCB #W BCD?SJR RFC Q?KC NMRCLRG?J ?Q DMP RFC LMLDP
GR KGEFR @C NPCDCP?@JC RM SQC ?LMRFCP ?NNPMVGK?RGML DMP ACPR?GL
< =

XC LDA

5FGQ MNRGML QCJCARQ -%" ?Q CVAF?LEC AMPPCJ?RGML NMRCLRG?J DMP P

XC GGA ggapotx ggapotc

5FGQ QCJCARQ ? ((" NMRCLRG?J DMP PCJ?VGLE RFGQ DP?EKCLR 5FC ((" NN
L?KC MD RFC CVAF?LEC NMRCLRG?J DMJJMUCB @W RFC L?KC MD RFC AMPF
NMRCLRG?JQ ?PC JGQRCB GL RFC BMASKCLR?RGML DMP RFC 9% ICW

XC MODEL SAOP

5FGQ QCJCARQ RFC KMBCJ NMRCLRG?J 4"01 DMP PCJ?VGLE RFGQ DP?EKCLF

General FDE options

*L ?BBGRGML RM RFC DP?EKCLR QNCAGDGA MNRGMLQ RFCPC ?PC ?2JQM ? LSK@
RF?R UGJJ @C BCQAPG@CB GL RFC DMJIJMUGLE

FDE
{approximants to the kinetic energy dependent component of the embedding potential}
{CJICORR [rho_cutoff]}
{GGAPOTXFD exchange approximant}
{GGAPOTCEFD correlation approximant}
{FULLGRID}
{RELAXCYCLES n or FREEZEANDTHAWCYCLES n}
{RELAXPOSTSCF or FREEZEANDTHAWPOSTSCF}
{EXTPRINTENERGY}
(PRINTRHO2}

end




approximants to the kinetic energy dependent component of the embedding
potential

4CTCP?J 2NNPMVGK?LRQ RM RFC IGLCRGA CLCPEW BCNCLBCLR AMKNMLCLR M
MD <3CD?PC ?T?GJ?@JC /MLC MD RFCK GQ ?NNJGA?@JC GD RFC CK@CBBC
RM GRQ CLTGPMLKCLR 5FC SQCP GQ PCAMKKCLBCB RM JMMI ?R RFC LSKCPG/
N?P?KCRCP UFGAF GQ EGTCL GL RFC SLGRQ MD CLCPEW ?LB A?L @C AMLQGHB(
DMJIJMUGLE PSJC MD RFSK@ QFMSJB @C ?NNJGCB GD RFGQ N?P?KCRCP GQ Q
CLCPEW @CRUCCL RFC CK@CBBCB QS@QWQRCK ?LB RFC CLTGPMLKCLR RFCL
KMQR NPM@?@JW ?BCOS?RC *D GR CVACCBQ RFGQ JGKGR RFC PCQSJRQ A?L
LMR BMLC @W BCD?SJR ?Q GR A?L @C OSGRC RGKC AMLQSKGLE *RQ NPGLRG
&9513*/5&/&3(: ?LB 13*/53)0 ?LB ('6--(3*% L RFC '%& GLNSR @JMAI
*D LM IGLCRGA CLCPEW ?NNPMVGK?LR GQ QNCAGDGCB @W BCD?SJR RFC JMA
?2NNPMVGK?LR GQ SQCB 'MP ?L ?QQCQQKCLR MD ?NNPMVGK?LRQ DMP UC?1JV
3CDQ < = #?QCB ML RFCQC QRSBGCQ RFC SQC MD 18 | (("* GQ PC

"11309*%."/54 50 #& 64&% */ /03."- "11-*$"5*0/4
THOMASFERMI (default)

-MA?J BCLQGRW ?NNPMVGK?RG M L=DBAPKGN O BT B R RIKMS FRVAW#):= '€ PKG CVNPCQQ
5Q<PFM= <=

GGA97 (or PW91K)

(CLCP?JGXCB EP?BGCLR ?NNPMVGK?RGMACPHEPKBVDPVRL RIFIZ"- B R@#-P kG
$FCPKCRRC?NNPMVGK?LR RM 5Q<PFM= 5FGQ ?NNPMVGK?LR GQ ASPPCLRJW
ML RFC LSKCPGA?J ?L?2IWQGQ MDLBRRFZARBPFPRAF R RFC SQCB CLF?LACKCL
BGQ?NNC?PQ ?R J?PEC PCBSACB BCLQGRW EP?BGCLRQ G C UFCPC RFC QC
?NNPMVGK?RGML B?GJQ <

O#40-&5& "11309*."/54 A?L @C SQCB @SR ((" JC?BQ SQS?JJW RM ? @CRRCP CK
< =

LLP91

(CLCP?JGXCB EP?BGCLR ?NNPMVGK?RGMACPEBPEBUDPIVMR<KPEM"™-@EMAPRKR <3CD
?NNPMVGK?LR RM 5Q<PFM=

PW86k

(CLCP?JGXCB EP?BGCLR ?NNPMVGK?RGMACPEPEBVDPVR<RIFIZ"'PEMRE?>?<@? 3C
?NNPMVGK?LR RM=5Q<PFM= <

THAKKAR92

(CLCP?JGXCB EP?BGCLR ?NNPMVGK?RGMACPHEPEBVDPVRL RIFIZ"5FFPMAR2P <
?NNPMVGK?LR RM=5Q<PFM= <

"11309*."/54 8)*$) .*()5 #& 64&'6- 0/-: '03 5)&03: %&7&-01.&/5

5FC ?AASP?AW MD RFCQC ?NNPMVGK?LRQ U?Q GLTEQRRAEF?RDBRE6CKBORQRGI <
QFMUL RM JC?B RM ? OS?JGR?RGTCJIJW GLAMPPCAR CK@CBBGLE NMRCLRG?J b5F(

?NNIJGA?RGMLQ

COULOMB



ICEJCARGLE AMKNJCRCJIJW TR<PFM" PFM#= TR<PFM" PFM#= COS?JQ XCPM F
AMPPCJ?RGML AMKNMLCLR MD RFC CK@CBBGLE NMRCLRG?J GLRPMBSACB @

TFOW

5FC ?NNPMVGK?LR RM TRBEPM'TEBM¥=MK RFC QCAMLB MPBCPDEWPBGCLR CV
5Q<PFM=

WEIZ

5FC ?NNPMVGK?LR RM TRBEPMG'TEBM*H>MK RFC TML 8CGXQ"AICP ?NNPMVGK?L
< =

OL91A

(CLCP?JGXCB EP?BGCLR ?NNPMVGK?RGMACPRPEBVUDPIVR RIFIZ"DRGFIM¥R &S :?LE
-CTW ?NNPMVGK?LR ®RM 5Q<PFM= <

OL91B

(CLCP?JGXCB EP?BGCLR ?NNPMVGK?RGMACPREPEBVDPVRL RIFIZ" QRFAWI=B<0S :?L
?LB -CTW ?NNPMVGK?LR RM 5Q<PFM= <

-0/( %*45"/$& $033&%5*0/4 50 5)& &"'&$5*7& 105&/5*"-

CJCORR

ONRGML RM QUGRAF ML ? JMLE BGQR?LAC AMPPCARGML #W BCD?SJR RFGQ M
< = UGRF RFC ?T7?GJ?@JC ?NNPMVGK?RC IGLCRGA CLCPEW ?NNPMVGK?LRQ
UPMLE DMPK GL RFC JGKGR MD ? J?PEC QCN?P?RGML MD RFC QS@QWQRCKQ
F?TC QCPGMSQ AMLQCOSCLACQ GL RFC A?QC MD QSNCPKMJCASJ?P CVN?LQG
QS@QWQRCK A?JASJ?RGMLQ 64&#=4*4 AMFRRGCMIR G KL 332 NPMNMQCB RF?R CLD
AMPPCAR JMLE BGQR?LAC JGKGR 4CC ?JQM RFGQ PCDCPCLAC DMP JGKGR?R

CJCORR [rho_cutoff]

5FGQ MNRGML QUGRAFCQ ML RFC JMLE BGQR?LAC AMPPCARGML 5FGQ MNR
MLC MD RFC ?@MTC IGLCRGA CLCPEW ?NNPMVGK?LRQ #W BCD?SJR ? BCLQ

GGAPOTXFD
GGAPOTCFD

ONRGML RM QNCAGDW RFC LML?BBGRGTC CVAF?LEC AMPPCJ?RGML ?NNPMVGK
RFC CDDCARGTC CK@CBBGLE NMRCLRG?J RFC CVAF?LEC AMPPCJ?RGML ?NNPI
@JMAI GQ SQCB *R GQ NMQQG@JC RM QNCAGDW ? BGDDCPCLR ?NNPMVGK?LR
MNRGMLQ 5FGQ GQ N?PRGASJ?PJW SQCDSJ GL AMK@GL?RGML UGRF RFC SQC
LMR @C SQCB GL RFC CK@CBBGLE NMRCLRG?J @CA?SQC MD RFCGP MP@GR?J
< =

GGAPOTXFD exchange approximant

5FC CVAF?LEC ?NNPMVGK?LR GQ SQCB GL RFC AMLQRPSARGML MD RFC CKQ@
CVAF?LEC ?NNPMVGK?LRQ ?Q GL RFC 9% ICW ?PC ?T?GJ?@JC

GGAPOTCEFD correlation approximant



5FC AMPPCJ?RGML ?NNPMVGK?LR GQ SQCB GL RFC AMLQRPSARGML MD RFC
AMPPCJ?RGML ?NNPMVGK?LRQ ?Q GL RFC 9% ICW ?PC ?T?GJ?@JC

FULLGRID

#W BCD?SJR '6--(3*% GQ LMR SQCB ?LB GL "%& A?JASJ?RGMLQ RFC GLRCEP?
BCQAPG@CB GL@BWDGL-AJSBGLE MLJW ?RMKQ MD RFC DPMXCL QS@QWQRCK RF
QS@QWQRCK GL RFC ECLCP?RGML MD RFC GLRCEP?RGML EPGB 5FC BGQR?LA
@?QCB ML RFC CVRCLR MD RFC @?QGQ DSLARGMLQ MD RFC CK@CBBCB QS@Q
QCC RFC MNRGML ONLC?P GL RFC */5&(3"5*0/ ICW 5FGQ QAFCKC PCQSJRQ GL
GLRCEP?RGML EPGB )MUCTCP GR GQ NMQQG@JC RF?R RFC BCD?SJR GLRCEF
A?L @C RFC A?QC DMP UC?I1JW GLRCP?ARGLE QWQRCKQ ?LB UFCL RFC BGQR?
CK@CBBCB QWQRCK GQ J?PEC *R GQ RFCPCDMPC PCAMKKCLBCB RM AFCAI RF
EPGB @W AMKN?PGLE RM PCQSJRQ M@R?GLCB SQGLE RFC DSJJ QSNCPKMJCA.

*D RFC QS@ICW '6--(3*% GQ GLAJSBCB ?JJ ?RMKQ MD RFC DPMXCL QWQRCK ?
GLRCEP?RGML EPGB 5FGQ PCQSJRQ GL RFC Q?KC EPGB RF?R UMSJB @C SQC|
AMK@GLCB DPMXCL ?LB CK@CBBCB QWQRCK 5FC GLRCEP?RGML EPGB ECLCP
J?PECP RF?L RFC BCD?SJR EPGB 5FGQ MNRGML QFMSJB @C SQCB RM AFCAI F

RELAXCYCLES n or FREEZEANDTHAWCYCLES n

4NCAGDGCQ RFC K?VGKSK LSK@CP L MD DPCLRE?R. BRF NC BIRCPREE MLIQP<BET
DP?EKCLRQ UGRF RFC 3&-"9 MNRGML *D ? QK?JJCP LSK@CP MD GRCP?RGMLC
MNRGML DMP RFGQ DP?EKCLR RFGQ QK?JJCP LSK@CP GQ SQCB 'SPRFCPKMP
KMPC GRCP?RGMLQ UGJJ @C NCPDMPKCB

RELAXPOSTSCF or FREEZEANDTHAWPOSTSCF

*D RFGQ MNRGML GQ GLAJSBCB QCTCP?J NMQR 43" NPMNCPRGCQ UGJJ @C A~
<3CD = 5FCQC ?PC MRFCPUGQC MLJW A?JASJ?RCB GL RFC J?QR AWAJC

EXTPRINTENERGY
PRINTRHO2

*D RFC MNRGMLQ &9513*/5&/&3(: ?LB 13*/53)0 ?PC GLAJSBCB @MRF ?PC LCCE
ML QCN?P?RC JGLCQ QCTCP?J ?BBGRGML?J OS?LRGRGCQ UGJJ @C NPGLRCB
KC?LGLEDSJ LSK@CPQ ?2JQM RFC '6--(3*% ICWUMPB QCC ?@MTC F?Q RM @C

Restrictions and pitfalls

*L RFC ASPPCLR GKNJCKCLR?RGML MLJW RFC CJCARPML BCLQGRW MD RFC CKG@
MLIJW NPMNCPRGCQ RF?R BCNCLB BGPCARJW ML RFC CJCARPML BCLQGRW C E
RFC 5%%'5 CVRCLQGML ?JJMUQ RFC A?JASJ?RGML MD CICARPMLGA CVAGR?RGM
QFGCJIJBGLEQ A?L @C A?JASJ?RCB

EVERYTHING ELSE IS NOT YET IMPLEMENTED. THE RESULTS OBTAINED FOR OTHER
PROPERTIES MIGHT BE MEANINGLESS.

*L N?PRGASJ?P GLRCP?ARGML CLCPEGCQ ?LB CLCPEW EP?BGCLRQ ?PC LMR WC

Kinetic energy approximant:
"JRFMSEF RFC CDDCARGTC CK@CBBGLE NMRCLRG?J GQ BCPGTCB DPMK DGPQR 1
?NNPMVGK?LRQ RFC "%' GKNJCKCLR?RGML PCJGCQ ML ?NNPMVGK?RGMLQ $SPF



?NNPMVGK?RGMLQ ?PC PRPCAMKKCLBXOM It MUL ?2Q ((" UFGAF SQCQ CJCARPML BC
RFC AMPPCQNMLBGLE EP?BGCLRQ RM CVNPCQQ RFC LML?BBGRGTC IGLCRGA CL(
NMRCLRG?J MP 5' 5FMK?Q '"CPKG -%" ?NNPMVGK?LR UFGAF BMCQ LMR SQC EP
GQ ?NNJGA?@JC MLJW GL A?QCQ UFCPC RFC MTCPJ?N @CRUCCL CIJCARPML BCL
QK?JJ /MRC QM D?P LM ?NNPMVGK?RGML F?Q @CCL BCTCJMNCB DMP RFC QRP|
JGLICB @W AMT?JCLR @MLBQ DMP GLQR?LAC

Electric Field: Homogeneous and Point Charges

"FMKMECLCMSQ CVRCPL?J CIJCARPGA DGCJB ?LB MP RFC DGCJB BSC RM NMGLR
MNCP?RMP &GRFCP A?L @C ?NNJGCB MLJW GL ? 4GLEJC 1MGLR A?JASJ?RGML N
BCPGT?RGTCQ RF?R ?PC AMKNSRCB GL (CMKCRPW ONRGKGX?RGMLQ BM LMR R?I

EFIELD {ex ey ez}
{xyzq
Xyzq

end}

EFIELD

5F@@eral ICW A?L @C SQCB ?Q ? QGKNJC ICW MP ?2Q ? @JMAI ICW 5FC @JMAI D
CV CW CX GQ EGTCL MP UFCL RFC coRiE@tioCiyRbE Q DMIJIMUCB @W RFC

ex,ey,ez

%CDGLC ? FMKMECLCMSQ CJCARPGA DGCJB GL ?RMKGA SLGRQ ?RMKGA 7MJR
?2'Ss Y7 K[

5FC SLGRQ ?NNJGCB @W ?BD DMP RFC GLRCPNPCR?RGML MD FMKMECLCMSQ [
SQCB DMP QNCAGDWGLE ?RMKGA AMMPBGL?RCQ #W BCD?SJR LM FMKMECLCM

X, ¥,2,4

5FC $?PRCQG?L AMMPBGL?RCQ ?LB QRPCLERF MD ? NMGLR AF?PEC GL CJCKC
&?AF NMGLR AF?PEC KSQR @C QNCAGDGCB ML ? QCN?P?RC JGLC GL RFC B?R*

GL RFC SLGRQ MD JCLERF RF?R U?Q QCR @W SLGRQ DMP GLRCPNPCRGLE ?RI
AF?PECQ ?PC GLAJSBCB

Orientation of the fields

8FCL RFC ?RMKGA AMMPBGL?RCQ ?PC GLNSR GL X K?RPGV DMPK?R RFC BGPCAF
JMA?RGML MD RFC NMGLR AF?PECQ ?Q QNCAGDGCB GL GLNSR ?PC GLRCPNPCRC
DP?KC ?QQMAG?RCB UGRF X K?RPGV GLNSR 5FC QR?LB?PB DP?KC KC?LQ RFC L
RFC NMQGRGTC V ?VGQ RFC RFGPB GL RFC VW NJ?LC UGRF NMQGRGTC W

*D RFC NPMEP?K PMR?RCQ ?LB RP?LQJ?RCQ ?Q RFC A?QC KGEFR @C RFC ?RM
ECLCP?RCB DP?KC GL A?QC MD X K?RPGV GLNSR RM QMKC MRFCP DP?KC DMP
"%' QWKKCRPW MPGCLR?RGML PCOSGPCKCLRQ RFC DGCJBQ ?PC RP?LQDMPKCB



Symmetry

5FC FMKMECLCMSQ CJCARPGA DGCJB ?LB RFC NMGLR AF?PEC DGCJBQ K?W NMJ?
KSQR @C ?AAMSLRCB DMP GL RFC NMGLR EPMSN QWKKCRPW *D QWKKCRPW GQ
AMKNSRCQ RFC QWKKCRPW DPMK RFC LSAJC?P DP?KC ?LB RFC DGCJBQ

Bonding energy

5FC @MLBGLE CLCPEW GQ AMKNSRCB ?Q RFC CLCPEW MD RFC KMJCASJC GL RF
AMLQRGRSCLR DP?EKCLRQ GL RFC Q?KC DGCJB 0D AMSPQC RFC DP?EKCLRQ K-
QCJD AMLQGQRCLR GL RFGQ DGCJB 5FGQ BCNCLBQ ML FMU RFC DP?EKCLRQ RF

Polarizability and hyperpolarizability

"%' QSNNMPRQ ? BGPCAR A?JASJ?RGML MD RFC FWNCP NMIJ?PGX?@GJGRW QC
NMI?PGX?@GJIJGRGCQ A?L ?2JQM @C AMKNSRCB @W ?NNJWGLE ? QK?JJ FMKMECL
RFC DGCJB DPCC B?R?

2.5 Structure and Reactivity

Run Types

5FC BGDINGW&SL?PC AF?P?ARCPGXCB @W FMU RFC ECMKCRPW GQ K?LGNSJ?RCB
SinglePoint

5FC 4%' QMJSRGML GQ AMKNSRCB DMP RFC GLNSR ECMKCRPW
GeometryOptimization

5FC ?RMKGA AMMPBGL?RCQ ?PC T?PGCB GL ?L ?RRCKNR RM DGLB ? JMA?J C|
AMMPBGL?RCQ DPCC MP MLIJW ? QS@QCR ICCNGLE RFC MRFCPQ DPMXCL ?R R

TransitionState

4C?PAF DMP ? Q?BBJC NMGLR 4GKGJ?P RM ? (CMKCRPWONRGKGX?RGML @SR
NMGLR NPCQSK?@JW F?Q MLC LCE?RGTC CGECLT?JSC

LinearTransit

5FC ECMKCRPW GQ KMBGDGCB QRCN @W QRCN DPMK ?L GLGRG?J RM ? DGL?J
MLIJW ? QS@QCR MD RFCK K?W @C GLTMJTCB GL RFC RP?LQGR 5FC AMMPBGL
-GLC?P5patdnete®R 'MP C?AF MD RFC -GLC?P5P?LQGR NMGLRQ ECMKCRPGCQ RF
4GLEJC 1MGLR 4%' A?JASJ?RGML MP ? (CMKCRPWONRGKGX?RGML *L RFC J?RR
QS@QCR MD RFCK A?L @C MNRGKGXCB RF?R ?PC LMR -GLC?P5P?LQGR N?P?K
@C SsQCB DMP GLQR?LAC RM QICRAF ?L ?NNPMVGK?RC PC?ARGML N?RF GL MP
RP?LQGRGML QR?RC DPMK UFCPC ? RPSC 5P?LQGRGML4R?RC QC?PAF A?L @C

IRC or IntrinsicReactionCoordinate

S5P?AGLE ? PC?ARGML N?RF DPMK ? RP?LQGRGML QR?RC RM PC?AR?LRQ ?LB M
RP?LQGRGML QR?RC KSQR @C GLNSR 5FC CLB NMGLR Q PC?AR?LRQ NPMB



Frequencies

$MKNSR?RGML MD DMPAC AMLQR?LRQ ?LB DPMK RFCQC RFC LMPK?J TG@P?RG
5FC DMPAC AMLQR?LRQ A?L @C A?JASJ?RCB @W LSKCPGA?J BGDDCPCLRG?RG
COSGIJG@PGSK ECMKCRPW ?LB RFC QJGEFRJW BCTG?RGLE ECMKCRPGCQ K?I(
5FCPC GQ FMUCTCP ?2JQM ? NMQQG@GJGRW UGRF RFC NMQR "%' NPMEP?K 4%
?PL?IWRGA?JIW 5FGQ QFMSJB SQS?JJW @C D?QRCP ?LB GL QMKC A?QCQ KMP(
NPM@JCKQ GL BGQNJ?ACB ECMKCRPGCQ ?Q MLJW ? QGLEJC 4%$' GQ PCOSGPC
QMKC JGKGR?RGMLQ .MQR GKNMPR?LRJW GR A?L MLJW F?LBJC 9 ?JNF? ?LB
A?JASI?RGMLQ ?R RFGQ KMKCLR

CINEB

$?JASJ?RGML MD RFC PC?ARGML N?RF ?LB RP?LQGRGML QR?RC QC?PAF SQGL
KCRFMB 5FGQ KCRFMB GQ DSPRFCP PCDCPPCP RM ?2Q /&# MP $* /&# 6QGLE R
QR?RC @CRUCCL RUM ILMUL QR?RCQ DSPRFCP PCDCPPCB RM ?7Q GLGRG?J ?L
GLGRG?J ?LB UFGAF GQ DGL?J GQ ?P@GRP?PW %SPGLE A?JASJ?RGML UGRF F
MD RFC QWQRCK GQ A?JASJ?RCB 5FCQC GK?ECQ A?L @C AMLQGBCPCB ?Q @C
GK?EC GQ MNRGKGXCB GL QSAF ? U?W RF?R ML C?AF QRCN RFC DMPACQ N?P~
?LB QNPGLE DMPACQ ?PC ?BBCB RF?R ICCN BGQR?LACQ RM RFGQ GK?EC Q LC
MNRGKGX?RGML RFC GK?ECQ ?PC CTCLJW BGQRPG@SRCB ?JMLE RFC PC?ARG
RFC RP?LQGRGML QR?RC GD RFC AJGK@GLE GK?EC MNRGML GQ ML RFC BCD

'MP ?JJ DC?RSPCQ RF?R GLTMJTC AF?LECQ GL ECMKCRPW G C ?JJ PSL RWNCQ

RF?R WMS SQC QGLEJC ?RMK DP?EKCLRQ -?PECP KMJCASJ?P DP?EKCLRQ A?L M
A?JASI?RGMLQ

'MSP ICWQ ?PC GLTMJTCB GL RFC QNCAGDGA?RGML MD RFC ECMKCRPW ?LB GRQ

atoms

QCRQ RFC ?RMKGA QR?PRGLE NMQGRGMLQ

geometry

$MLRPMJQ RFC PSL RWNC ?LB QRP?RCEW N?P?KCRCPQ QSAF ?Q AMLTCPECLA
LSK@CP MD ECMKCRPW QRCNQ RM A?PPW MSR

atoms and geometry

5FCQC RUM ICWQ RMECRFCP ?PC QSDDGAGCLR DMP ? QRP?GEFRDMPU?PB ONR
PSL MP ? '"PCOSCLAGCQ AMKNSR?RGML 0D AMSPQC WMS ?2JQM LCCB RM QNC

constraints

.?W @C SQCB RM GKNMQC AMLQRP?GLRQ DMP ECMKCRPW MNRGKGX?RGMLQ -
MNRGKGX?RGML UFGAF GQ RFC BCD?SJR DMP RFCQC MNRGKGX?RGMLQ 5FGC
RFC MJB @P?LAF MD MNRGKGX?RGMLQ

geovar

.?W @C SQCB RM GKNMQC AMLQRP?GLRQ DMP GLQR?LAC UFCL MLJW ? QS@ Q¢
MNRGKGXCB 5FGQ ICW QFMSJB @C sSsQCB DMP *3$%$ /&# MP DMP RFC MJB @P?l
AMLQRP?GLRQ (CM7?P K?W ?2JQM @C SQCB GL ? -GLC?P5P?LQGR MP /&# PSL F
N?P?KCRCPQ PCQNCARGTCJW ?LB RFCGP GLGRG?J ?LB DGL?J T?JSCQ



$MLQRP?GLRQ ?LB -GLC?P5P?LQGR N?P?KCRCPQ GL RFC MJB @P?LAF MD MNRGK
RFC ?RMKQ @JMAI GD ? .01"$ QRWJC GLNSR DMPK?R GQ SQCB QCC @CJMU

Runtype control and strategy parameters

8GRF RFC @JMAI ICW (&0.&53: WMS BCDGLC RFC PSLRWNC ?LB QRP?RCEW N?P?K

GEOMETRY {RunType { RunTypeData}}
RunType {RunTypeData}
End

RunType

$?L @C

4GLEJC1IMGLR MP 41

(CMKCRPWONRGKGX?RGML MP (CMONR MP (O

5P?LQGRGML4R?RC MP 54

*LRPGLQGA3C?ARGML$MMPBGL?RC MP *3%

-GLC?P5P?LQGR MP -5

'PCOSCLAGCQ MP '3&2

$*/&#
*D MKGRRCB RFC PSL RWNC GQ (CMKCRPWONRGKGX?RGML
*D RFC ICW (&0.&53: GQ LMR SQCB ?R ?JJ RFC PSL RWNC GQ 4GLEJC1IMGLR
5FC PSL RWNC QNCAGDGA?RGML A?L @C EGTCL ?Q ?PESKCLR RM RFC ECMKCF
@MRF 'MP QMKC PSL RWNCQ ?BBGRGML?J B?R? K?W @C EGTCL ?DRCP RFC PS

RunTypeData
ONRGML?J DSPRFCP QNCAGDGA?RGMLQ BCNCLBGLE ML RFC PSL RWNC 4cCC

OKGQQGML MD RFC (&0.&53: ICW ?JRMECRFCP CDDCARS?RCQ ? 4GLEJC1IMGLR A?
MNRGKGX?RGML UGRF ?JJ DC?RSPCQ RF?R A?L @C QCR UGRF ECMKCRPW ?R RF
RFC ICW UGRF ?L CKNRW @JMAI

GEOMETRY
End

.MPC QS@ICWQ ?PC ?T?GJ?@JC GL RFC ECMKCRPW @JMAIl RF?L HSQR RFC PSL R
AMLRPMJ QRP?RCEW N?P?KCRCPQ QSAF ?Q AMLTCPECLAC APGRCPG? "JJ QS@IC
DMP RFMQC MKGRRCB 4MKC MD RFC QS@ICWQ ?PC MLJW KC?LGLEDSJ DMP ACPI
MRFCP PSL RWNCQ

5FC GLGRG?J ?NNPMVGK?RGML MD RFC )CQQG?L K?RPGV K?W ?DDCAR RFC LSKa@
MSR RM PC?AF AMLTCPECLAC 4CC RFC QCARGML *LGRG?J )CQQG?L

5FC AMLTCPECLAC GL ECMKCRPW MNRGKGX?RGMLQ ?LB DPCOSCLAW PSLQ A?L C
ECLCP?RGML MD GLRCEP?RGML NMGLRQ GKNJCKCLRCB GL "%' QCC RFC ¢

Geometry Optimization

(CMKCRPW ONRGKGX?RGMLQ GL "%' GQ @?QCB=MEQXGQB 7RFE /JCOULRML? R NDNPAM ? AF <
AMKNSRGLE AF?LECQ GL RFC ECMKCRPW QM ?Q RM K?IC RFC EP?BGCLRQ T?LGQ
GLQR?LAC @?QCB ML ? DMPAC DGCJB ?LB SNB?RCB GL RFC NPMACQQ MD MNRG



4CTCP?J QS@ICWQ GL RFC ECMKCRPW @JMAI A?L @C SQCB DMP AMLRPMJ MD RF
PCJ?RCB QRP?RCEW N?P?KCRCPQ

GEOMETRY
Optim {Delocal/ Cartesian / Internal } {All / Selected}
Branch {New / Old}
Iterations Niter {Niter2}
Hessupd HessUpdate
Converge {E=TolE} {Grad=tolG} {Rad=TolR} {Angle=tolA}
Step {Rad=MaxRadStep} {Angle=MaxAngleStep} {TrustRadius=MaxRadius}
DIIS {N=NVect} {CYC=Ncyc}
Externprogram externprog.exe coord=coords.inp energy=energy.out grad=grads.out
Inithess inithessian.file
End

Optim

GEOMETRY
Optim {Delocal/ Cartesian / Internal } {All / Selected}

END
Optim
Delocal

ONRGKGX?RGML GL BCIMA?JGXCB AMMPBGL?RCQ %CJMA?J GQ RFC BCD?S.¢
QR?RC QC?PAFCQ ?LB JGLC?P RP?LQGRQ 4R?PRGLE DPMK "%' UGRF B
SQC AMLQRP?GLRQ QCC ?2JQM $0/453"*/54 ICW ?LB PCQRP?GLRQ ?LB WMS
K?RPGV AMMPBGL?RCQ :MS A?L LMR SQC BSKKW ?RMKQ EFMQR ?RMKQ MP
DPMK "%' RFC ?B?NRCB BCIMA?JGXCB AMMPBGL?REQ ?PC SQCB ?Q BCQA

Cartesian / Internal

$?PRCQG?L MP ;K?RPGV COSGT?JCLRJW GLRCPL?J QNCAGDGCQ RFC RWN(
KGLGKGX?RGML GQ A?PPGCB MSR #W BCD?SJR RFC AMMPBGL?RC RWNC GQ
ICW DMP RFC GLNSR MD RFC GLGRG?J ?RMKGA NMQGRGMLQ $?PRCQG?L
RF?R ;K?RPGV MNRGKGX?RGMLQ A?L MLJW @C BMLC UGRF RFC MJB @P?LAF

$?PRCQG?L MNRGKGX?RGML GQ ?JJMUCB GD RFC ?RMKQ UCPC GLNSR GL ; k
RFC ICW (&07"3 A?L RRCAMMPBQCBRCQ ?PC MNRGKGXCB "L ?RRCKNR RM C
T?PG?@JCQ K?W PCQSJR GL ?L CPPMP ?@MPR ONRGKGX?RGML GL ; K?RPG\
$?PRCQG?L AMMPBGL?RCQ UCPC QSNNJGCB GL ?RMKQ RFC NPMEP?K BMCQ
OLC QFMSJB RFCL SQC RFC XA?PR DMPK?R EGTC shr@duReCNQEE RIFBMMPBGL?R C(
K?RPGV "E?GL GL RFGQ A?QC WMS A?LLMR SQC AMLQRP?GLRQ

Selected

'MP SQC UGRF MJB @P?LAF MD MNRGKGX?RGMLQ OLJW RFMQC AMMPBGL?R(
RFC ICW (&07"3

All



5FC BCD?SJR T?JSC KC?LQ RF?R GL NPGLAGNJC ?JJ ?RMKGA AMMPBGL?RCQ
MNRGKGX?RGML RFC ICW $0/453"*/54 MLC K?W QCR AMLQRP?GLRQ ML RFC MNI
MNRGKGX?RGML MLC A?L SQC RFC ICW (&07"3 RM QCR AMLQRP?GLRQ

Branch

GEOMETRY
Branch {New / Old}

END
Branch
Old / New

&VNCPR MNRGML 4NCAGDGCQ UFGAF @P?LAF MD RFC AMBC RM SQC DMP K-
AMBC SQCB BCNCLBQ ML RFC MNRGKGX?RGML SQCB ONRGKGX?RGML GL BC
BMLC UGRF RFC LCU @P?LAF ONRGKGX?RGML GL ; K?RPGVY AMMPBGL?RCQ /
@P?LAF *L A?QC MD $?PRCQG?L MNRGKGX?RGML BCD?SJR RFC LCU @P?LAI
@C sSsQCB 5FC LCU @P?LAF A?L @C SQCB ?LB GQ BCD?SJR GL ECMKCRPW
QC?PAFCQ ?LB GL -5 5FC MJB @P?LAF GQ BCD?SJR GL *3% ?LB /&# DMP UF
@P?LAF

lterations

GEOMETRY
Iterations Niter {Niter2}

END

Iterations

Niter
5FC K?VGKSK LSK@CP MD ECMKCRPW GRCP?RGMLQ ?JJMUCB RM JMA?RC RF
5FGQ GQ ? D?GPJW J?PEC LSK@CP *D RFC ECMKCRPW F?Q LMR AMLTCPECB

UGRFGL RF?R K?LW GRCP?RGMLQ WMS QFMSJB QGR BMUL ?LB AMLQGBCP R
GLAPC?QC RFC ?JJMUCB LSK@CP MD AWAJCQ ?LB RPW ?E?GL

Niter2

"L MNRGML?J QCAMLB N?P?KCRCP RF?R NJ?WQ MLJW ? PMJC GL ? -GLC?P5P
KSQR LMR @C SQCB GL MRFCP PSLRWNCQ

Hessupd

GEOMETRY
Hessupd HessUpdate

END



Hessupd
HessUpdate

ANCAGDGCQ FMU RFC )CQQG?L K?RPGV GQ SNB?RCB SQGLE RFC EP?BGCLR
NPCTGMSQ ECMKCRPW 5FC KCRFMBQ ?T?GJ?@JC BCNCLB ML RFC MNRGKG X
RFC MJB ?LB LCU @P?LAFCQ RFC DMJJMUGLE MNRGMLQ ?PC ?T?GJ?@JC

G #'(4 #PMWBCL 'JCRAFCP (MJBD?P@ 4F?LLM

GG .4 .SPR?EF 4?PECLR

GGG '"3,"4 '?PI1?Q 4AFJCECJ &O =?LB MD 3CD <

GT '"3,"4 #0'*-- '?P1?Q 4AFJCECJ #MDGJJ &O= ?2LB MD 3CD <

*L RFC MJB @P?LAF RFC DMJJMUGLE CVRP? MNRGMLQ ?PC ?T?GJ?@JC

G %'l %?TGBML 'JCRAFCP 1MUCJJ

GG '4 'JCRAFCP QUGRAF

GGG )04)*/0 )MQFGLM

*L RFC LCU @P?LAF RFC DMJJMUGLE CVRP? MNRGML GQ ?T?GJ?@JC

G #",,&/ )&-(",&3 #?I1ICL )CJE?ICP ©CC 3CD <

5FC BCD?SJR GQ #'(4 DMP ECMKCRPW MNRGKGX?RGMLQ

Converge

GEOMETRY
Converge {E=TolE} {Grad=tolG} {Rad=TolR} {Angle=tolA}

END
Converge

$MLTCPECLAC GQ KMLGRMPCB DMP RFPCC GRCKQ RFC CLCPEW RFC $?PRCQC
SLACPR?GLRW GL RFC AFMQCL RWNC MD MNRGKGX?RGML AMMPBGL?RCQ 'M|
AMMPBGL?RCQ @MLB JCLERFQ ?LB ?LEJCQ @MLB BGFCBP?J ?PC AMLQGB!
$MLTCPECLAC APGRCPG? A?L @C QNCAGDGCB QCN?P?RCJW DMP C?AF MD RFC

TolE
5FC APGRCPGML DMP AF?LECQ GL RFC CLCPEW GL )?PRPCCQ %CD?SJR C
TolG

"NNJGCQ RM EP?BGCLRQ GL )?PRPCC ?LEQRPMK %CD?SJR C /MRC RFC
"0 @CDMPC GR U?Q C

TolR

3CDCPQ RM AF?LECQ GL RFC $?PRCQG?L AMMPBGL?RCQ MP @MLB JCLERFQ
WMS MNRGKGXC GL ?LEQRPMK %CD?SJR C

TolA

3CDCPQ RM AF?LECQ GL @MLB ?LB BGFCBP?J ?LEJCQ GL BCEPCCQ 5FGQ «
R?ICQ NJ?AC GL ; K?RPGVY AMMPBGL?RCQ %CD?SJR BCEPCC

*D MLJW ? LSKCPGA?J T?JSC GQcan8eyl J BCRBFUP P KT QN OMBDGA?RGML @V
GQ AMLQGBCPCB RM ?NNJW RM RFC EP?BGCLRQ MLJW 5FC MRFCP ?QNCAT
BCD?SJR QCRRGLEQ RFCL



Remarks:

.MJCASJCQ K?W BGDDCP TCPW KSAF GL RFC QRGDDLCQQ ?PMSLB RFC CLCP
AMLTCPECLAC RFPCQFMJIJBQ UGRFMSR QCAMLB RFMSEFR GQ RFCPCDMPC LMR
PCOSGPC ? J?PEC LSK@CP MD QRCNQ ? JMMQC RFPCQFMJB K?W WGCJB ECMK
?Q PCE?PBQ ?RMK ?RMK BGQR?LACQ @MLB ?LEJCQ CRA CTCL UFCL RFC RMR
TCPW AJMQC RM RFC T?JSC ?R RFC KGLGKSK *R GQ EMMB NP?ARGAC RM AML
A?JASJ?RGML ?PC 5FC BCD?SJR QCRRGLEQ GL "%' ?PC GLRCLBCB RM @C PC?
GLCTGR?@JW QGRS?RGMLQ K?W ?PGQC UFCPC RFCW ?PC GL?BCOS?RC

5FC LSKCPGA?J GLRCEP?RGML NPCAGQGML N?P?KCRCP ?AAGLR QCC RFC I(
PCOSGPCB JCTCJ MD AMLTCPECLAC GL EP?BGCLRQ (P?BGCLRQ ?PC AMKNSRC
GLRCEP?JQ RF?R ?PC CT?JS?RCB @W LSKCPGA?J GLRCEP?RGML GL "%' 5FC G
PMSEFJW QNC?IGLE RFC ?AAGLR T?JSC GQ RFC LSK@CP MD BCAGK?J BGEGRQ
AMPPCAR "Q QMML ?Q RFC EP?BGCLRQ UFGAF ?PC QSNNMQCBJW XCPM ?R RF
MPBCP MP ?AAGLR RFCW UGJJ GL UMPQR A?QCQ @CAMKC ?P@GRP?PW
AMLTCPECLAC K?W LMR PC?JJW GKNPMTC RFGLEQ :MS K?W CTCL DGLB RF?R
LMGQC RFC ECMKCRPGCQ QR?PR KMTGLE ?PMSLB GL ? P?LBMK D?QFGML UF(
?PP@GRP?PGIW "Q ? ECLCP?J PSJC QC&I|dasiC GIRRCEPRRGMMIOIPCBE (HAEFCCT @
PCOSGPCB DMP RFC EP?BGCLRQ &V?KNJC GD EP?BGCLRQ ?PC RM @C AMLTC
GKNJWGLE FGEFCP @W RF?L RFC EP?BGCLRQ AMLTCPECLAC JCTCJ

5FC AMLTCPECLAC RFPCQFMJB DMP RroCa RIZMEB@ 1 € RO3P QWIS DIWRI 'R FBCQN P C /
MD RFC DGL?J AMMPBGL?RCQ 6QS?JJW GR WGCJBQ ? PC?QML?@JC CQRGK?R(
PCQSJRQ MLC QFMSJB RGEFRCL RFC APGRCPGML ML RFC EP?BGCLRQ P?RFCF
PC?QML DMP RFGQ GQ RF?R RFC NPMEP?K CQRGK?RCB SLACPR?GLRW GL RFC
)CQQG?L UFGAF GQ SNB?RCB BSPGLE RFC MNRGKGX?RGML 2SGRC MDRCL GR
PCNPCQCLR?RGML MD RFC RPSC )CQQG?L 5FGQ BMCQ SQS?JJW LMR NPCTCLF
@SR GR BMCQ GKNJW ? NMQQG@JW GLAMPPCAR A?JASJ?RGML MD RFC SLACPI

Step

GEOMETRY
Step {Rad=MaxRadStep} {Angle=MaxAngleStep} {TrustRadius=MaxRadius}

END
Step

$MLRPMJQ RF?R AF?LECQ GL ECMKCRPW DPMK MLC AWAJC RM ?LMRFCP ?PC L

MaxRadStep

$?L MLIJW @C SQCB GL AMK@GL?RGML UGRF RFC MJB @P?LAF "L SNNCP @N

AMMPBGL?RCQ MP @MLB JCLERFQ ?Q RFC A?QC K?W @C %CD?SJR ?LEC
MSR GL GLRCPL?J AMMPBGL?RCQ ?LEQRPMK DMP $?PRCQG?L MNRGKGX
MaxAngleStep

$?L MLIJW @C SQCB GL AMK@GL?RGML UGRF RFC MJB @P?LAF 4GKGJ?PJW F
?LEJCQ ?LB BGFCBP?J ?LEJCQ %CD?SJR BCEPCCQ

*LNSR DMP .?V3?B4RCN .?V"LEJC4RCN GQ GL ?LEQRPMK ?LB BCEPCCQ PCQ
SLGRQ SQCB DMP ?RMKGA AMMPBGL?RCQ GLNSR



IMRC ONRGKGX?RGML MD PGLE QRPSARSPCQ A?PPGCB MSR GL GLRCPL?J >
BSC RM RFC GJJ BCDGLCB J?QR QCEKCLR MD RFC PGLE 8FCL NPM@JCKQ ?F
AMLQGBCP SQGLE QK?JJCP JGKGRQ ML RFC QRCNQ GL N?PRGASJ?P RFC ?L
@PC?IGLE RFC PGLE @CWMLB PCN?GP

MaxRadius

$?L MLIJW @C SQCB GL AMK@GL?RGML UGRF RFC LCU @P?LAF #W BCD?SJR
RFC ICW RFC SQCP A?L MTCPPGBC RFGQ QCRRGLE ? AMLQR?LR T?JSC " A
QWQRCK CE ?RMKQ RWNGA?JJW LCCBQ ? J?PECP RPSQR P?BGSQ CE

DIIS

GEOMETRY
DIIS {N=NVect} {CYC=Ncyc}

END
DIIS N=NVect CYC=Ncyc

$?L MLJW @C SQCB GL AMK@GL?RGML UGRF RFC LCU @P?LAF /7CAR GQ RFC |
GLRCPNMJ?RGML KCRFMB /$:$ GQ RFC LSK@CP MD ECMKCRPW AWAJCQ PSL @
ECMKCRPW QRCNQ %CD?SJR %**4 GQ SQCB ?LB BCD?SJR / ?LB $:$

Externprogram

GEOMETRY
Externprogram externprog.exe coord=coords.inp energy=energy.out grad=grads.out

END
Externprogram

&VNCPR MNRGML A?L MLJW @C SQCB GL AMK@GL?RGML UGRF RFC LCU @P?L/
@CcCL ?BBCB RM RM ?2JJMU CLCPEGCQ ?LB EP?BGCLRQ RM @C A?JASJ?RCB @W
ECMKCRPW MNRGKGX?RGML

/IMRC RF?R WMS LCCB RM QSNNJW GLDMPK?RGML ?@MSR ?RMKGA DP?EKCLRQ
RFCQC ?PC LMR ?ARS?JJW SQCB GL RFC A?JASJ?RGMLQ

8FCL "%' GQ PC?BW RM NCPDMPK ?L CLCPEW ?LB EP?BGCLR A?JASJ?RGML GR
AMMPBGL?RCQ RM RFC DGJC L?KC EGTCL GL RFC GLNSR 5FC DMPK?R GQ QGK
GLNSR DGJC GR F?Q MLC ?RMK NCP JGLC UGRF RFC RFC CJCKCLR QWK@MJ E
AMMPBGL?RCQ

"%' UGJJ RFCL PSL RFC CVCASR?@JC NPMEP?K ?LB RFCL PC?B GL RFC CLCPE
EGTCL GL RFC GLNSR DGJC 5FC CVRCPL?J NPMEP?K GQ RFSQ PCQNMLQG@JC
SLGRQ UPGRRCL @W "%' DPMK DGJC ECLCP?RGLE RFC AMPPCQNMLBGLE CLC
UPGRGLE RFCQC RM RFC ?NNPMNPG?RC DGJCQ "%' UGJJ RFCL R?IC ?LMRFCP
PCNC?R



Inithess

GEOMETRY
Inithess inithessian.file

END
Inithess

$?L MLJW @C SQCB GL AMK@GL?RGML UGRF RFC LCU @P?LAF 8GRF RFGQ */*E
? FCQQG?L DPMK ? RCVR DGJCQ 5FC MLJW ?PESKCLR GQ RFC L?KC MD RFC D
FCQQG?L KSQR @C EGTCL GL DSJJ GL LML K?QQ UCGEFRCB A?PRCQG?L AMMF
@MFP

Transition State

'"RP?LQGRGML QR?RC 54 QC?PAF GQ TCPW KSAF JGIC ? KGLGKGX?RGML RFC N
RFC CLCPEW QSPD?AC NPGK?PGJW @W KMLGRMPGLE RFC CLCPEW EP?BGCLRQ

@CRUCCL ? RP?LQGRGML QR?RC ?LB ? JMA?J KGLGKSK GQ RF?R ?R RFC RP?LQ
CGECLT?JSC

#CA?SQC MD RFC QGKGJ?PGRGCQ @CRUCCL ? KGLGKGX?RGML ?LB ? 54 QC?PAF
?NNJGA?@JC GL @MRF A?QCQ QCC RFC (CMKCRPW ONRGKGX?RGML QCARGML )|
QR?RCQ ?PC KSAF F?PBCP RM AMKNSRC RF?L ? KGLGKSK 'MP ? J?PEC N?PR RFC
?LF?PKMLGAGRGCQ RF?R SQS?JJW MAASP LC?P RFC RQ UFGAF RFPC?RCL RM Gl
RFC QR?RGML?PW NMGLR 'MP RFGQ PC?QML GR GQ EMMB ?BTGAC RM @C KMPC
?NNPM?AFGLE ? 5P?LQGRGML 4R?RC ?LB DMP QMKC QS@ICWQ RFC BCD?SJR QCF
? QGKNJC MNRGKGX?RGML *L ?BBGRGML ACPR?GL ?BBGRGML?J ?QNCARQ F?TC

GEOMETRY
TransitionState {Mode=Mode} {NegHess=NegHess}
end

NegHess

5FC LSK@CP MD LCE?RGTC CGECLT?JSCQ RF?R RFC )CQQG?L QFMSJB F?TC ?R
PCJC?QC GR GQ ? P?RFCP KC?LGLEJCQQ ICW UFGAF QFMSJB PCR?GL GRQ BC

Mode

$MLRPMJQ RFC DGPQR QRCN DPMK RFC QR?PRGLE ECMKCRPW RMU?PBQ RFC ¢
RFC CLCPEWaSMizRIMI@EJC RFC MNRGKGX?RGML AMMPBGL?RCQ UGJJ MRFCPUG!
minimize RFC CLCPEW " NMQGRGTC T?JSC KC?LQ RF?R RFC CGECLTCARMP KMBC
R?ICL DMP RFC K?VGKGX?RGML BGPCARGML 5FGQ KC?LQ NSR ?JJ )CQQG?L C
GELMPGLE RFMQC RF?R AMPPCQNMLB RM GKNMQQG@JC KMTCKCLRQ PGEGB F
@PC?IGLE ?LB RFCL R?IC RFC CGECLTCARMP MD KMBC GL REC PCK?GLGLE J
GLQRPSARQ RFC NPMEP?K RM R?IC RFC CGECLTCARMP RF?R K?ICQ RFC J?PEC
AMMPBGL?RC AMSLRGLE MLJW RFC AMMPBGL?RCQ RF?R ?PC ?JJMUCB RM @C
MAASP GL RFC GLNSR JGQR MD AMMPBGL?RCQ SLBCP ?RMKQ

%CD?SJR KMBC (CLCP?JJW RFC NPMEP?K NCPDMPKQ @CQR UGRF RFGQ BCEL
KMBC UGRF RFC JMUCQR CGECLT?JSC UFGAF QFMSJB MD AMSPQC DGL?JJW @
LCE?RGTC CGECLT?JSC



"DRCP RFC DGPQR ECMKCRPW QRCN RFC QS@QCOSCLR QRCNQ UGJJ ?RRCKNI
PCQCK@JCQ KMQR @W MTCPJ?N RFC NPCTGMSQ K?VGKGX?RGML BGPCARGMI
LCE?RGTC CGECLT?JSC "R RF?R NMGLR RFC NPMEP?K QUGRAFCQ RM RF?R KN
DMASQCB ML RFC CGECLTCARMP UGRF RFC JMUCQR CGECLT?JSC KMBC RFC
QC?PAF BGPCARGML GQ GLRCPL?JJW BGQA?PBCB ?LB QS@QCOSCLRJIJW MLJW I
T?JSC KMBC CDDCARS?RCQ RFGQ GKKCBG?RCJW RFC BGPCARGML UGRF RFC
K?VGKGX?RGML BGPCARGML DMP ?2JJ GRCP?RGMLQ

"Q KCLRGMLCB @CDMPC RFC MRFCP QS@ICWQ F?TC RFC Q?KC DSLARGML?JGRW
BCD?SJRQ MP MNRGMLQ K?W ?NNJW

Hessupd
HessianUpdate

%GDDCPCLR DCUCP MNRGMLQ ?NNJW LMU 5FC KCRFMBQ ?T?GJ?@JC BCNC
sQcB 'MP @MRF RFC MJB ?LB LCU @P?LAFCQ RFC DMJIMUGLE MNRGMLQ ?
G 1MUCJJ 1MUCJJ

GG #'(4 #PMWBCL '"JCRAFCP (MJBD?P@ 4F?LLM

GGG #0'*-- #MDGJJ &O 2LB MD 3CD <

GT .4 .SPR?EF 4?PECLR

*L RFC MJB @P?LAF RFC DMJIMUGLE CVRP? MNRGML GQ ?T?GJ?@JC

G %'l %?TGBML 'JCRAFCP 1MUCJJ

5FC BCD?SJR GQ 1MUCJJ DMP RP?LQGRGML QR?RC QC?PAFCQ

Step
MaxRadStep
%CD?SJR ?2LEQRPMK DMP ; K?RPGV MNRGKGX?RGML ?LEQRPMK DMP {
RFC LCU @P?LAF
MaxAngleStep

%CD?SJR BCEPCCQ /MR SQCB GL RFC LCU @P?LAF

IMRC GL 5P?LQGRGML 4R?RC QC?PAFCQ NPCAGQGML GQ MDRCL KSAF KMPC APC
QCR RFC /ISKCPGA?J *LRCEP?RGML NPCAGQ@HNuLIt?R T D2?HEPMKP?IBE&A T?IBAC@WR
GL ? 5P?LQGRGML 4R?RC QC?PAF

Linear Transit

*L 2 -GLC?P 5P?LQGR -5 PSL WMS BCDGLC ? LSK@CP MD ?RMKGA AMMPBGL?RC(
parameters RFCQC ECR ?L GLGRG?J ?LB ? DGL?J T?JSC 5FC -5 GQ BCDGLCB ?Q RFC
RFCQC N?P?KCRCPQ DPMK RFCGP GLGRG?J RM RFCGP DGL?J T?JSCQ 5FGQ GQ !/
?2 LML JGLC?P RP?LQGR A?JASJ?RGML RFCQC K?W @C LMRtsCEE Q@BIEAR DIGRCB R C N (
ML GLNSR "R C?AF -5 NMGLR RFC PCK?GLGLE ?RMKGA AMMPBGL?RCQ RFMQC R
LMR @C MNRGKGXCB RFC DGL?J QRPSARSPC ?LB CLCPEW ?R C?AF -5 NMGLR ?
RFCPCDMPC HSQR ? QCOSCLAC MD PCJ?RCB AMLQRP?GLCB (CMKCRPW ONRGKG

5FC -5 QA?L K?W @C SQCB DMP GLQR?LAC RM QICRAF ?L ?NNPMVGK?RC N?RF M1
PC?AR?LRQ ?LB NPMBSARQ 'PMK RFGQ ? PC?QML?@JC ESCQQ DMP RFC 5P?LQGH
QCPTC ?Q QR?PRGLE NMGLR DMP ? RPSC RP?LQGRGML QR?RC QC?PAF DMP GLQF



S8FCLCTCP ? ECMKCRPW QS@ICW GQ ?NNJGA?@JC GL ? (CMKCRPW ONRGKGX?RGN
C?AF MD RFC MNRGKGX?RGMLQ RF?R ?PC A?PPGCB MSR ?R RFC BGQRGLAR -GLC
T?JSCQ ?NNJIW

Linear Transit (new branch)

'"RP?LQGR A?JASJ?RGML MNRGML F?Q @CCL ?BBCB GL RFC LCU MNRGKGX?RGML
@MRF JGLC?P RP?LQGRQ ?LB LML JGLC?P RP?LQGRQ ?LB GQ RFC BCD?SJR UFC
QS@ICW GQ GLAJSBCB GL RFC (&0.&53: @JMAI ICW

5FC LCU RP?LQGR AMBC UMPIQ BGDDCPCLRJW RM RFC MJB RFC RP?LQGR GQ PC
MNRGKGX?RGMLQ 5FC $0/453"*/54 @JMAI ICW QFMSJB @C SQCB RM BCJGLC?RC
QR?EC MD RFC RP?LQGR

5M NCPDMPK ? JGLC?P RP?LQGR QR?PR ?LB CLB T?JSCQ ?PC QSNNJGCB

Constraints
angle 2 1 3 start=100.0 end=120.0
End

Geometry
Transit 4
Optim Deloc

End

*L RFC CV?KNJC ?@MTC QR?ECQ ?PC PCOSGPCB "%' UGJJ GLRCPNMJ?RC RFC
?LEJC @CRUCCL ?RMKQ ?LB IMRC RF?R 53"/4*5 A?L LMU @C SQCB GL NJ?A
RFC KMPC ECLCP?J L?RSPC MD RFC LCU RP?LQGR A?JASJ?RGMLQ

/IML JGLC?P RP?LQGRQ ?PC NMQQG@JC ?LB A?L CTCL @C AMK@GLCB UGRF JGLC
NCPDMPK ? LML JGLC?P RP?LQGR GL ? N?PRGASJ?P AMMPBGL?RC CVNJGAGR T?

Constraints

dist120.80.91.11.15

angle 2 1 3 start=100.0 end=120.0
End

Geometry
Transit 4
Optim Deloc

End

*L RFC CV?KNJC ?@MTC T?JSCQ ?PC EGTCL DMP RFC BGQR?LAC @CRUCCL ?RN
UGJJ @C ?NNJGCB QGKSJR?LCMSQJW UGRF RFC JGLC?P RP?LQGR AMLQRP?GLRQ
MNRGKGXCB ?R C?AF QR?EC MD RFC RP?LQGR

*R GQ UMPRF LMRGLE RF?R DGVCB AMLQRP?GLRQ A?L ?2JQM @C SQCB GL ? RP?L

Constraints
dist120.80.91.11.15
angle 2 1 3 100.0

End

Geometry




Transit 4
Optim Deloc
End

*L RFGQ CV?KNJC RFC ?LEJC @CRUCCL ?RMKQ ?LB UGJJ @C DGVCB ?R
RP?LQGR

'GL?JIJW GR QFMSJB @C NMGLRCB MSR RF?R DSJJW AMLTCPECB AMLQRP?GLRQ
A?JASIJ?RGMLQ 5FCW BM LMR F?TC RM @C DSJJW KCR GL RFC GLNSR @SR GD F
AMLQRP?GLRQ ? J?PEC CPP?RGA DGPQR ECMKCRPW QRCN K?W PCQSJR

:MS A?L ?TMGB DSJJW CLDMPAGLE AMLQRP?GLRQ @W ?BBGLB ? $0/453"*/54 QSC

Geometry

CONSTRAINTS partialconverge
End

*L RFGQ A?QC RFC AMLQRP?GLRQ ?PC LMR PCOSGPCB RM @C DSJJW KCR ?R C?A
?R RFC AMLTCPECB ECMKCRPGCQ

Linear Transit (old branch)

5FC -*/&"353"/4*5 PSLRWNC F?Q RM @C QNCAGDGCB "BBGRGML?J QNCAGDGA?RC

GEOMETRY
Branch OId
LinearTransit {NPoints}
end

NPoints

5FC LSK@CP MD -5 NMGLRQ DMP UFGAF ?L MNRGKGX?RGML UGJJ @C A?PPGCB
*D LM T?JSC GQ QSNNJGCB RFC BCD?SJR R?ICQ CDDCAR

5FCPC ?PC ? DCU M@TGMSQ BGDDCPCLACQ @CRUCCL ? QGLEJC MNRGKGX?RGML
AMMPBGL?RC Q RF?R BCQAPf@meteRsF A 2?25 MR RMAREBSKGXCB ?R C?AF MD RFC -
RFCW ?PC DPMXCL 5FGQ GKNJGCQ RF?R RC Adst@EIAHINWRGNKGXN GRE WIR CQ AR PP GIW
MSR OLC MD RFC AMLQCOSCLACQ GQ RF?R RFC ?RMKQ AMMPBGL?RC RWNC $7?F
MNRGKGX?RGML AMMPBGL?RC RWNC 5FC -5 N?P?KCRCPQ RFCKQCJTCQ KSQR @
@CJMU

*R GQ NMQQG#&@ AMRMBIBRCBREQ QM RF?R RFC -5 PSL GQ QGKGJ?P RM ? QCOSCLAC
YMUCTCP CLCPEW EP?BGCLRQ UGJJ @C AMKNSRCB ?R C?AF QRCN QM RF?R KMF
RF?L DMP HSQR ? 4GLEJC 1MGLR A?JASJ?RGML

5FC LSK@CP MD -5 NMGLRQ @W UFGAF RFC N?RF GQ RP?ACB GQ BCDGLCB @W R
-GLC?P5P?LQGR *R GQ NMQQG@JC RM CVCASRC MLJW ? QS@QCR MD RFCQC NM
RFC A?JASJ?RGML @W SQGLE RFC PCQR?PR D?AGJGRW MD "%' *L RFGQ U?W WM
GLRM QCTCP?J QK?JJCP MLCQ MP F?TC RFC MNNMPRSLGRW RM AFCAl FMU RFGI
NMGLRQ @CDMPC BCAGBGLE UFCRFCP ? AMLRGLS?RGML GQ SQCDSJ 5FGQ K?W
BGDDCPCLR QR?PR ?LB CLB T?JSCQ DMP RFC -5 N?P?KCRCPQ GL ? PCJ?RCB QC
AMKDMPR?@JC RM QNCAGDW RFC AMKNJCRC N?RF MLAC ?LB HSQR CVCASRC N?F
EGTGse®nd T?JSC RMatRFsCQS@ICW GL RFC ECMKCRPW @JMAI



iterations Niter Niter2

Niter

5FC DGPQR ?PESKCLR MD RFC QS@ICW GRCP?RGMLQ GL RFC (&0.&53: @JMAI
GRCP?RGMLQ ?JJMUCB RM PC?AF AMLTCPECLAC ?NNJGCQ LMU DMP C?AF -5 N

Niter2

5FC QCAMLB ?PESKCLR QNCAGDGCQ pomt RMVAKIAS LSK@GP RMBEGPD PSL *D MKG!
BCD?SJR RFC UFMJC -5 QA?L GQ AMKNJCRCB %MGLE MLJW N?PR MD RFC QA
DC?RSPC QM RF?R RFC PCK?GLBCP A?L @C BMLC GL ? AMLRGLS?RGML PSL 4
"RMM J?PEC T?JSC MD -5 NMGLRQ GQ ?SRMK?RGA?JJW ?BHSQRCB LM KMPC -
RM AMKNJCRC RFC -5 N?RF ?Q BCDGLCB @W RFC JGLC?PRP?LQGR QS@ICW " |
?LB GLRCPL?JJW PCQCR RM MLC

8"3/*/( GD WMS SQC RFC 2... DSLARGML?JGRW GL AMK@GL?RGML UGRF ? -GLC?F
AMMPBGL?RCQ MD RFC RPSC 2. ?RMKQ A?L @C SQCB ?Q -5 N?P?KCRCPQ LM .. ?
N?P?KCRCP QCR

Symmetry in a Linear Transit

*L ? -GLC?P 5P?LQGR PSL GR GQ GKNCP?RGTC RF?R RFC AMKNJCRC -GLC?P 5P?l
AMLDMPKQ RM RFC QNCAGDGCB QWKKCRPW *D QSAF GQ LMR RFC A?QC ?L CPP
AMLRGLSC @SR LMR NPMBSAC AMPPCAR PCQSJRQ /MRC RF?R UFCL LM QWKKCR
ECMKCRPW BCDGLCQ RFC QNCAGDGCB QWKKCRPW

Intrinsic Reaction Coordinate

5FC N?RF MD ? AFCKGA?J PC?ARGML A?L @C RP?ACB DPMK RFC 5P?LQGRGML 4R
PC?AR?LRQ SQGLE RFC *LRPGLQGA 3C?ARS MLF & MMPPBPRIGLREC AMMOMRAFB/®BL 7*RBG Q <Q F M
D?GP ?NNPMVGK?RGML MD RFC 5P?LQGRGML 4R?RC 5FC DGL?J T?JSCQ ?R RFC
AMKNSRCB 5FC *3%$ N?RF GQ BCDGLCB ?Q RFC QRCCNCQR BCQACLR N?RF DPMK
CLCPEW KGLGKSK 5FC CLCPEW NPMDGJC GQ M@R?GLCB ?Q UCJJ ?Q JCLERF ?LE
NPMTGBGLE RFC @?QGA OS?LRGRGCQ DMP ?L ?L?IJWQGQ MD RFC PC?ARGML N?R
BGNMJC KMKCLR ?RMKGA AF?PECQ ?PC AMKNSRCB

5CAFLGA?JIJW QNC?IGLE RFC N?RF GQ AMKNSRCB @W R?IGLE QK?JJ QRCNQ ?JMLl
?RMKGA AMNMrih@&eriaP®CQM RF?R JGIC GL ? -GLC?P 5P?LQGR PSL ? QCOSCLAC MD
MNRGKGX?RGMLQ GQ A?PPGCB MSR 5FC RMR?J LSK@CP MD QRCNQ ?JMLE RFC NI
K?VGKSK LSK@CP MD QSAF QRCNQ A?L @C QCR GL GLNSR *D RFC N?RF GQ LMR
SQCB RM DGLGQF GR &?AF MD RFC AMLQRP?GLCB MNRGKGX?RGMLQ GL RFC PSL
PSL AMLTCPECLAC RFPCQFMJIBQ K?VGKSK LSK@CPQ MD MNRGKGX?RGML GRCP"
RFC ECMKCRPW @JMAI

:MS A?L QCR RFC *3%$ PSLRWNC @W RWNGLE GR GL RFC ECMKCRPW @JMAI

GEOMETRY
IRC {Forward} {Backward} {Points=Points} {Step=Step} {StepMax=StepMax}
{StepMin=StepMin} {Start=Start}
End



IRC

5FC PSLRWNC *LRPGLQGA3C?ARGML$MMPBGL?RC UMSJB ?2JQM @C PCAMELGXC

Forward, Backward

4NCAGDGCQ CVCASRGML MD RFC RUM NMQQG@JC N?RFQ DPMK RFC 5P?LQGRC
BCD?SJR @MRF ?PC AMKNSRCB *D '"MPU?PB GQ QNCAGDGCB MLJW RFC MRFC]|
#?AlU?PB 'MP RFC BCDGLGRGML MD UFGAF MD RFC RUM BGPCARGMLQ BMUL C
KGLGKSK GQ DMPU?PB QCC @CJMU

Points

5FC K?VGKSK LSK@CP MD *3%$ NMGLRQ AMKNSRCB GL RFC PSL DMP @MRF N?R
54 ACLRP?J NMGLR ?Q D?P ?Q ?NNJGA?@JC %CD?SJR

Step

5FC GLGRG?J QRCN JCLERF UFCL NPMACCBGLE DPMK MLC *3%$ NMGLR RM ?LN
@CRUCCL RUM ECMKCRPGCQ RM UFGAF RFC QRCN OS?LRGRW ?NNJGCQ GQ K
5FC BCD?SJR T?JSC DMP QRCN GQ ?KS @MFP -?PECP QRCNQ PCBSAC
*3$ NMGLRQ DPMK RFC RP?LQGRGML QR?RC RM RFC KGLGKSK @SR SQS?JJW
QRCNQ ?R C?AF MD RFC NMGLRQ QM RFC LCR E?GL GL AMKNSR?RGML RGKC K-
5FC BCD?SJR QGXC GQ P?RFCP AMLQCPT?RGTC ?LB GL K?LW A?QCQ WMS K?W
JMUCTCP RM QMKC CVRCLR WMS A?L JC?TC RF?R RM RFC NPMEP?K 8FCL EMC
NPMEP?K UGJJ GLAPC?QC MP BCAPC?QC RFC QRCNQGXC BCNCLBGLE ML UFCR
LSK@CP MD ECMKCRPW AWAJCQ RM AMLTCPEC 5FC ?BHSQRGLE ?JEMPGRFK ?
RFC QSAACQQGTC *3$ NMGLRQ QFMU KMPC BP?QRGA AF?LECQ GL RFC ?RMKG/
A?QCQ RFC *3%$ QRCN QGXCQ PCK?GL @CRUCCL NPC QCR K?VGKSK ?LB KGLGK

StepMax

S5FC K?VGKSK QRCN JCLERF RF?R RFC NPMEP?K UGJJ QCJCAR GL RFC QRCN ?E
RGKCQ RFC GLGRG?J QRCN JCLERF UFGAFCTCP GQ J?PECP

StepMin

S5FC KGLGKSK QRCN JCLERF RF?R RFC NPMEP?K UGJJ QCJCAR GL RFC QRCN ?I
RGKCQ RFC GLGRG?J QRCN JCLERF UFGAFCTCP GQ QK?JJCP

Start

%CDGLCQ FMU RFC GLGRG?J BGPCARGML MD RFC N?RF GQ AFNMQCL RM KMTC °
GKNJW UFCRFCP RFC DGPQR QRCN ?JMLE RFGQ BGPCARGML GQ R?ICL NMQGR
QCARGML ?@MSR '"MPU?PB #?AIU?PB *3%$ N?RFQ

5FC ?BKGQQG@JC T?JSCQ DMP QR?PR ?PC

Grad AMKNSRC RFC EP?BGCLR ?LB R?IC RF?R BGPCARGML PGEFR DPMK RFC QF
RFC 5P?LQGRGML 4R?RC RFGQ UGJJ @C KC?LGLEJCQQ QGLAC RFC EP?BGCLR
Read RFC GLGRG?J N?RF BGPCARGML GQ PC?B GL UGRF RFC ICW *3%$QR?PR Q!
Hessn RFC GLGRG?J N?RF AMGLAGBCQ UGRF RFC L RF )CQQG?L CGECLTCARMP
n KSQR @C ?L GLRCECP GL RFC ?NNPMNPG?RC P?LEC

5FC BCD?SJR MKGQQGML MD ?LW QR?PR QNCAGDGA?RGML ?R ?JJ GQ RFC DG
AMPPCQNMLBGLE RM RFC N?RF MTCP RFC 5P?LQGRGML 4R?RC LCE?RGTC )CQ



IRC start direction

"Q KCLRGMLCB ?@MTC RFC *3%$ N?RF GQ GLGRG?JGXCB @W ? DGPQR QRCN ?2U?V
GLDMPK?RGML GQ ?T?GJ?@JC RFGQ QFMSJB @C ?JMLE RFC SLGOSC )CQQG?L CC
5FCPCDMPC GR GQ NPCDCP?@JC RM QSNNJW UGRF ? PCQR?PR DGJC ? EMMB ?
4R?RC 5FGQ A?L @C AMKNSRCB GL ? '"PCOSCLAGCQ PSL *L K?LW A?QCQ RFC ?S
DGCJB @?QCB )CQQG?L UGJJ LMR QCTCPCJW BGQRSP@ RFC NPMACBSPC ?LB K?
QRCNQ DMP RFC PGEFR BGPCARGML RM R?IC UFGJC Q?TGLE ? NMRCLRG?JJW C)\

*D WMS BCAGBC RM SQC ? NPCA?JASJ?RCB )CQQG?L RFCL SQS?JJW RFC ?NNPM
5P?LQGRGML 4R?RC PSL UGJJ @C EMMB CLMSEF 5FC J?RRCP ?NNPM?AF GQ KMP
UGJJ SQS?JJW @C BMLC ?LWU?W ?Q ? NPCJGKGL?PW RM RFC *3%$ PSL UFGJC ?L
TCPW BCK?”LBGLE "R RFC MRFCP F?LB S5P?LQGRGML 4R?RC PSLQ MDRCL PCOSG
A?QC RFC 'PCOSCLAGCQ PCQSJR DGJC K?W @C SQCB @MRF DMP RFC 54 PSL ?L
'"PCOSCLAGCQ PSL K?W F?TC @CCL NCPDMPKCB LMR ?R RFC CV?AR 54 K?W ?DDC
?Q ? QR?PR SN DMP RFC *3%$ PSL @SR RFGQ GQ JGICJW LMR QGELGDGA?LR

*L QMKC A?QC WMS K?W U?LR RM QNCAGDW RFC GLGRG?J BGPCARGML MD RFC *

IRCSTART
data
data

end
IRCstart

" @JMAI RWNC ICW 5FC B?R? GL RFal BRRK@AMMMPBEGILI?REQQ PNPRCQG?L MP
?Q RFC A?QC K?W @C RF?R ?PC LMR DPMXCL ?LB LMR @W ECMT?P CVNJGAG
AMMPBGL?RC B?R? RMECRFCP BCDGLC ? BGPCARGML TCARMP GL RFC QN?AC |
QCPTCQ ?Q RFC GLGRG?J QCEKCLR MD RFC *3%$ N?RF

/IMRC RF?R MLJW ? BGPCARGML 3iz2 ARM R FEQRBARD?’Q LICBARMPCN RACQ LM PMJC

'SPRFCPKMPC RFC GLGRG?J QRCN K?W @C GL RFC NMQGRGTC MP LCE?RGTC
QCC RFC QCARGML '"MPU?PB #?AIU?PB *3%$ N?RFQ

Forward / Backward IRC paths

O@TGMSQJW RFCPC ?PC RUM *3%$ N?RFQ BMUL RFC RP?LQGRGML QR?RC 'MPU?P!
RM AFCKGA?JJW BCDGLC DMPU?PB ?LB @?AIU?PB @W BCRCPKGLGLE GL ?BT?LA
?LB UFGAF NPMBSARQ 5FGQ GQ LMR UCJJ BM?@JC GL NP?ARGAC 5FCPCDMPC U
GLGRG?J N?RF TCARMP QCJCAR QGKNJW RFC ?RMKGA AMMPBGL?RC UGRF RFC .
?LB BCHvovard 7Q RFC BGPCARGML GL Une€asds REBackwai MRBRGHC BGPCARGML GL

U F G Adecr@édRes

Climbing-Image Nudged Elastic Band

5FC PC?ARGML N?RF A?L @C DMSLB @W QGKSJR?LCMSQ MNRGKGX?RGML MD ? L
OSCQRGML QR?PRGLE DPMK QMKG PMSEFC?QRERMYCGCER RERPIC <GKNJCKCLRCB GL "¢
?NNPMVGK?RGML GQ HSQR ? NMIJWLMKG?J GLRCPNMJ?RGML @CRUCCL GLGRG?1J
GK?ECQ ?PC MNRGKGXCB LMR GLBCNCLBCLRJW MD C?AF MRFCP @SR GL D?AR

LCGEF@MPQ "R C?AF QRCN RFC DMPACQ N?P?JJCJ RM RFC PC?ARGML N?RF ?PC



?BBCB UFGAF ICCNQ RFC GK?EC GL RFC KGBBJC @CRUCCL GRQ LCGEF@MPQ 5F
GLGRG?J MP DGL?J PC?ARGML QR?RC ?LB CLQSPCQ RF?R RFCW ?PC CTCLJW BG(
?2JQM MNRGMLQ RM BGQRPG@SRC GK?ECQ KMPC BCLQJW LC?P RFC RP?LQGRGML

#CJIJMU GQ RFC JGQR MD /&# MNRGMLQ

GEOMETRY
CINEB {Numimages}
{NEBSPRING Nspring Spring Spring2 Spower}
{NEBOPT OptMethod}
{NEBECONO}
{NOCLIMB}
{NONEBOPTENDS}
End

CINEB

5FC PSLRWNC /SBECB UGJJ ?JQM @C PCAMELGXCB

Numimages

5FC LSK@CP MD /&# GK?ECQ CVAJSBGLE GLGRG?J ?LB DGL?J QR?RCB 5FC BC
NEBSPRING Nspring Spring Spring2 Spower

/IQNPGLE BCRCPKGLCQ RFC RWNC MD QNPGLE SQCB UFGAF GL RSPL BCRCPK
?PC SQCB

AMLQR?LR QNPGLE QNPGLE 4NPGLE

CVNMLCLRG?J QA?JGLE QNPGLE 4NPGLE 4NPGLE CVN B& B&K?V 4NML

NMUCP QA?JGLE QNPGLE 4NPGLE 4NPGLE B& B&K?V 4NMUCP

?LMRFCP CVNMLCLRG?J UGRF BGDDCPCLR KC?LGLE MD 4NMUCP QNPGLE
B&K?V 4NMUCP

?LMRFCP CVNMLCLRG?J QA?JGLE TCPW AJMQC RM QNPGLE 4NPGLE 4N

6LGRQ DMP 4NPGLE ?LB 4NPGLE ?PC )?PRPCC @MFP %CD?SJR T?JSCQ UFCL
GLNSR ?PC DMP /QNPGLE ?LB DMP 4NPGLE *D /&#413*/( GQ QNCAGDGCB |
N?P?KCRCP GQ PCOSGPCB *D /QNPGLE GQ QNCAGDGCB RFCL ?2JQM 4NPGLE

NEBOPT OptMethod

ANCAGDGCQ RFC MNRGKGX?RGML NPMACBSPC

4GLAC /&# GQ AMLACNRS?JJW BGDDCPCLR DPMK QGKNJC MNRGKGX?RGML LM
ECMKCRPW MNRGKGX?RGML ?NNJGA?@JC RM /&# 5FCPC ?PC RUM MNRGKGX?FR
AMTCPGLE ?2JJ GK?ECQ QGKSJR?LCMSQJW ?LB JMA?J RF?R GQ JMA?J RM C?
?2LB AML Q 5FC EJM@?J KCRFMB SQS?JJW AMLTCPECQ GL DCUCP QRCNQ RF?L
?AAMSLR ?JJ BCEPCCQ MD DPCCBMK ?R MLAC OL RFC MRFCP F?LB RFC QGXC
DMP KMBCP?RC QGXC QWQRCK UFGAF KGEFR JC?B RM NPM@JCKQ MLC BGKC
?2Q J?PEC ?2Q / ?RMKQ / GK?ECQ

5FCPC ?PC RUM ECMKCRPW SNB?RC KCRFMBQ ?T?GJ?@JC DMP @MRF EJM@ ?J
?LB $MLHSE?RC (P?BGCLR 2S?QG /CURML GQ RFC NPCDCPPCB KCRFMB ?R ?JJ
K?RPGV AMMPBGL?RCQ GQ LMR ?T?GJ?@JC ?R RFGQ RGKC

ONR.CRFMB A?L R?IC ?LW MD RFC DMJIJMUGLE T?JSCQ



GLOBALQN EJM@?J 2S?QG /CURML
QN -MA?J 25?QG /CURML 5FC NPCDCPPCB ?LB BCD?SJR KCRFMB

NEBECONO

JMA?J MNRGKGX?RGML MLJW 3COSCQRQ RF?R UFCL ?R QMKC NMGLR ?L GK?E
UGJJ LMR @C PCA?JASJ?RCB GL QS@QCOSCLR QRCNQ 5FGQ MNRGML A?L @C
UFCL QMKC GK?ECQ F?TC ?JPC?BW AMLTCPECB 1JC?QC LMRC RFMSEF RF?R C
MLC NMGLR GR K?W @CAMKC SL AMLTCPECB ?R ? QS@QCOSCLR NMGLR BSC
BCRCPKGLCB @W NMQGRGML MD RFC GK?EC UGRF PCQNCAR RM GRQ LCGEF@!|
EIM@?J MNRGKGX?RGML @CA?SQC RFCL RFC AMLTCPECLAC QR?RC MD ? QGLE

NOCLIMB

4UGRAFCQ MDD RFC AJGK@GLE GK?EC DC?RSPC 5FGQ MNRGML GQ ECLCP?JJ\
BC@SEEGLE ?LB RPMS@JCQFMMRGLE NSPNMQCQ

NONEBOPTENDS

%M LMR MNRGKGXC ECMKCRPGCQ RFC GLGRG?J ?LB DGL?J PC?ARGML QR?RCC

Recommendations concerning the NEB method.

Preparing input
1JC?QC N?W ?RRCLRGML RM RFC DMJIJIMUGLE NMGLRQ UFCL NPCN?PGLE GLNSR I

g *D ?L ?NNPMVGK?RCB RP?LQGRGML QR?RC GQ ILMUL RFCL RPW RM SQC RI
GLNSR
BM LMR HSQR QNCAGDW RFC GLGRG?J ?LB DGL?J QR?RC AMMPBGL?RCQ G
QMKC T?JSCQ GL @CRUCCL RM R?IC ?BT?LR?EC MD RFC FGEFCP MPBCP Gl
N?RF
?NNPMVGK?RGML

g 5PW RM MNRGKGXC ECMKCRPGCQ MD RFC GLGRG?J ?LB DGL?J PC?ARGML
NMQQG@JC
"%' UGJJ @W BCD?SJR MNRGKGXC RFCK RMM @SR BMGLE RFGQ GL ?BT?LA

g *D WMS BM LMR U?LR RM MNRGKGXC RFC CLB NMGLRQ BSPGLE /&# MNRGK
IM/&#O0NR&LBQ
GLNSR ICWUMPB ?LB WMS ILMU RF?R R&CARUPE CIQNeNM RBERNW K GIRP & G LBAK ?
RFCL i X?1IC QSPC RF?R RFCW JGC ML RFC PC?ARGML N?RF *D MLC MP
JGC MDD RFC N?RF RFCL RFGQ K?W PCQSJR GL RFC GK?ECQ LCVR RM RFC
NMGLRQ
UFGAF UGJJ GLCTGR?@JW @PC?I RFC MNRGKGX?RGML

g Choosing an optimization method. BFCPC ?PC QCTCP?J MNRGKGX?RGML KCRFMBQ SQ(

WMS

QFMSJB NPM@?@JW SQC MLC MD RFC RUM 2S?QG /CNEBOPAT KCRFMBQ JMA?.
GlobalQN

GLNSR MNRGML 5FC K?GL BGDDCPCLAC GL DSLARGML?JGRW @CRUCCL R
GK?EC

RCAFLGOSC GQ NMQQG@JC MLJW UGRF RFC (JM@?J2/ KCRFMB *L RFC BCI
MNRGKGXCB GL QSAF ? U?W RF?R RFC A?PRCQG?L BGQR?LAC @CRUCCL RI
RF?R

RFC GK?EC UGRF RFC FGEFCQR CLCPEW GQ LMR LCACQQ?PGJW RFC RP?L
KCRFMB

WMS ?PC ES?P?LRCCB RF?R RFC GK?EC UGRF RFC FGEFCQR CLCPEW GQ ?



ML RFC
PC?ARGML N?RF

Problems during optimization

.?LW NPM@JCKQ K?W @C ?TMGBCB GD WMS DMJJMU RFC PCAMKKCLB?RGMLQ ?@
PCAMKKCLB?RGMLQ ?LB QRGJJ F?TC NPM@JCKQ RFCL NJC?QC PC?B @CJMU )CP
UGRF NMQQG@JC QMJISRGMLQ

Optimization stops with a message that the angle has become too small.

g 1PMTGBCB RF?R RECEABINMGLRKY? RFGQ K?W QRGJJ F?NNCL GD RFC GLG
RFC PC?ARGML N?RF U?Q RMM PMSEF ?L ?NNPMVGK?RGML 5FGQ SQS?JJW
M D
RFC GK?ECQ UFGAF K?W PCQSJR GL TCPW J?PEC QRCNQ 5FGQ GQ LMR ?
@cC
RF?R LCGEF@MPGLE GK?ECQ ECR QGELGDGA?LRJW BGDDCPCLR QRCNQ *|
H?EECB
5FGQ K?W ECR OSGAIJW MSR MD F?LBQ GD RFC $?PRCQG?L BGQR?LACQ @
RFC
QRCNQ R?ICL BSPGLE MNRGKGX?RGML 5FC ASPC GL RFGQ A?QC GQ RM C(
RM GLAPC?QC BGQR?LACQ @CRUCCL RFCK MBTERMRBIGEAPC?QC RFC K?V QR
N?P?KCRCP

g "LMRFCP PC?QML DMP RFC ?LEJC @CAMKGLE RMM QF?PN GQ RF?R RFC PC
*L RFGQ A?QC GR K?W FCJN RM SQC KMPC GK?ECQ RM QKMMRFCL GR

*L ?2JJ MRFCP A?QCQ GR GQ PCAMKKCLBCB RM AMLR?AR RFC 4%. QSNNMPR ?LB Q
QCLB ?JMLE RFC GLNSR ?LB MSRNSR DGJOHEBUG REB Q@ IMNCSAMMKKWUB @B RM-GAE RFC
NPMBSACQ CVRP? BC@SEEGLE GLDMPK?RGML %MGLE QM UGJJ QNCCB RFGLEQ ¢
WMSP A?JASJ?RGML

Special Features
Initial Hessian

*L 2 (CMKCRPW ONRGKGX?RGML MP 5P?LQGRGML 4R?RC QC?PAF RFC )CQQG~?L |
CLCPEW UGRF PCQNCAR RM AF?LECQ GL AMMPBGL?RCQ GQ SNB?RCB UFGJC RF
DGLB RFC JMA?J CLCPEW KGLGKSK 5FC OS?JGRW MD RFC GLGRG?J )CQQG?L K
PCOSGPCB LSK@CP MD QRCNQ RM PC?AF ECMKCRPGA AMLTCPECLAC

#W BCD?SJR RFC GLGRG?J )CQQG?L GQ PC?B DPMK ? PCQR?PR DGJC QCC RFC |
ORFCPUGQC GR GQ AMLQRPSARRB?RPMX GKINVMEKCLIREBIBI<RFC NPMEP?K *L A?Q
@P?LAF MD MNRGKGX?RGML MLC A?L KMBGDW RFGQ UGRF RFC ICW )&44%*"( 8G
NMQQG@JC RM PC?B ?L )CQQG?L DPMK ?L GLNSR DGJC QCC QS@ICW */*5)&44 M

Constrained optimizations, LT (new branch)

5FC ICW $0/453"*/54 A?L MLJW @C SQCB GL A?QC MD RFC /CU @P?LAF DMP MNRC
GLNSR DMP RFGQ ICW GQ TCPW QGKGJ?P RM RF?R MD RFC 3&453"*/5 ICWUMPB !
?JQM @C SQCB RM AMLQRP?GL $?PRCQG?L AMMPBGL?RCQ /MRC RF?R RFC ICW
UGRF RFC (&07"3 ICW A?L ?JQM @C SQCB GL RFC /CU @P?LAF DMP MNRGKGX?RG
/ICU @P?LAF DMP MNRGKGX?RGML A?L MLJW @C SQCB GL ECMKCRPW MNRGKGX?|

5FC AMLQRP?GLRQ BM LMR F?TC RM @C Q?RGQDGCB ?R RFC QR?PR MD RFC ECM



5FC $0/453"*/54 ICWUMPB ?2JJMUQ ECMKCRPW MNRGKGX?RGMLQ UGRF AMLQRP?G
?RMKQ ?L ?LEJC BCDGLCB @W RFPCC ?RMKQ ?LB MP ? BGFCBP?J ?LEJC BCDG

CONSTRAINTS
ATOM lal {Xal Yal Zal}
DIST lal la2 Ra
ANGLE Ibl b2 Ib3 Rb
DIHED Ic1 Ic2 Ic3 Ic4 Rc
BLOCK bname

end

ATOM

8FCATOM GQ QNCAGDGCB RFC $?PRCQG?L AMMPBGL?RCQ MD ?RMK *? ?PC AMI
?RMK LSK@CP QFMSIaput@derERFCLTGLSC DMP RFC AMMPBGL?RCQ GL "LEQRPMK
A?L EGTC RFC RFPCC $?PRCQG?L AMMPBGL?RCQ ? T?JSC 5FGQ ICW A?L MLJW

DIST

8FCDISTGQ QNCAGDGCB RFC BGQR?LAC @CRUCCL ?RMKQ *? ?LB *? GQ AMLQ
?RMK LSK@CPQ QFM&p&to@ee ERFICCT?GSC DMP RFC BGQR?LAC GL "LEQRPMK

ANGLE

8FCANGLE GQ QNCAGDGCB RFC ?LEJC @CRUCCL ?RMKQ *@ *@ ?LB *@ *@ *
T?JSC 3@ 5FC ?RMK LSK@CP @Qp@eiies JBRECTEGISCIDEP RFC ?LEJC GL BCEPCCQ

DIHED

8FCDIHED GQ QNCAGDGCB RFC BGFCBP?J ?LEJC @CRUCCL ?RMKQ *A *A *A 7

PCQRP?GLCB RM RFC T?JSC 3A 5FC ?RMipuL@de@ RFQ @ FMSSO B MR FEFCT CLEGC GL

BCEPCCQ 5FC BGFCBP?J ?LEJC *A *A *A *A GQ BCDGLCB GL RFC Q?KC U?W

BGFCBP?J ?LEJC GQ NPMHCARCB MLRM RFC < ,= GLRCPT?J QM RFCPC QFMS.
f MP f

BLOCK

#IMAl AMLQRP?GLRQ ?JJMU RFC GLRCPL?J BCEPCCQ MD DPCCBMK MD ? @JMA
@IJMAI KMTCQ ?Q ? UFMJC 5M ?NNJW @JMAI AMLQRP?GLRQ WMS ?BB @JMAI J
?LB RFCL ?BB RFC @JMAI AMLQRP?GLR GL RFC $MLQRP?GLRQ GLNSR @JMAI

ATOMS
1C -0.004115 -0.000021 0.000023 b=b1
2C 1.535711 0.000022 0.000008 b=b2
3.H -0.399693 1.027812 -0.000082 b=bl1
4H -0.399745 -0.513934 0.890139 b=b1
5H -0.399612 -0.513952 -0.890156 b=b1l
6.H 1.931188 0.514066 0.890140 b=b2
7H 1.931432 0.513819 -0.890121 b=b2
8.H 1.931281 -1.027824 0.000244 b=b2

END

CONSTRAINTS
BLOCK bl




BLOCK b2
END

Constrained optimizations, LT (old branch), IRC, NEB
GEOVAR

5FC @JMAI ICW (CM7?P GQ SQCB

g 5M NSR PCQRPGARGMLQ ML RFC LSK@CP MD AMMPBGL?RCQ RF?R ?PC T?P
g 5M BCDGLC -GLC?P 5P?LQGR MP /&# N?P?KCRCPQ ?LB ?QQGEL RFCK GLGR
?LB GL A?QC MD /&# ?2JQM GLRCPKCBG?RC T?JSCQ

ECMT?P A?L ?2JQM @C SQCB RM ?QQGEL GLGRG?J T?JSCQ RM AMMPBGL?RCQ UC
?AAGBCLR?J

*L RFC GLNSR QCARGML MD ?RMKGA AMMPBGL?RCQ ICW "50.4 GBCLRGDGCPQ 1
LSKCPGA?J T?JSCQ UFCPCTCP AMMPBGL?RC T?JSCQ ?PC CVNCARCB V W X GL

O D GL A?QC MD GLRCPL?J AMMPBGL?RCQ "JJ QSAF GBCLRGDGCPQ KSQR RFCL
T?JSC

GEOVAR
Name Data
end
Name

"L GBCLRGDGCP RF?R A?L @C SQCB GL NJ?AC MD ? LSKCPGA?J T?JSC DMP ML
T?JSCQ SLBCP ?RMKQ

Data
&GRFCP MD RFC DMJIJMUGLE RFPCC DMPK?RQ

" QGLEJC T?JSC QGKNJIJW ?QQGELQ RFC T?JSC RM RFC AMPPCQNMLBGLE ?RM

5UM MP KMPC T?JSCQ QCN?P?RCB @W ? BCJGKGRCP GKNJW RF?R RFC AMPI
-GLC?P 5P?LQGR MP ? /SBECB &J?QRGA #?LB N?P?KCRCP 'MP -GLC?P 5P?LQGI
UFGAF A?QC RFCW QNCAGDW GLGRG?J ?LB DGL?J T?JSCQ MD RFC -5 N?RF PC
MLC A?L NPMTGBC KMPC RF?L HSQR GLGRG?J ?LB DGL?J T?JSCQ RM ECR ? @C
N?RF *R GQ ECLCP?JJW PCAMKKCLBCB ?LB GL QMKC A?QCQ LCACQQ?PW RM
GK?ECQ UGJJ @C M@R?GLCB @W NMIJWLMKG?J GLRCPNMJ?RGML MD BCEPCC /

" QGLEJC T?JSC DMJJMUCB @W ? JCRRCP ' ?QQGELQ RFC a®lJSC RM RFC AMP
QNCAGDGCQ RF?R RFCQC AMMPBGL?RCQ ?PC DPMXCL RFCW UGJJ LMR @C MN

"Q PCE?PBQ RFC MNRGKGX?RGML MD AMMPBGL?RCQ MRFCP RF?L RFC DPMXCL M
KC?LGLE ?LB CDDCAR MD RFC GLNSR SLBCptBEICOLTRFB ENNVNKE®R ML @R AIS@ICW

*D QCJCARCB F?Q @CCL QCR MNRGKGX?RGMLQ ?PC A?PPGCB MSR MLJW DMP RF
ECMT?P ?LB RF?R ?PC LMR -GLC?P 5P?LQGR N?P?KCRCPQ MP 'PMXCL "JJ AMMF
LSKCPGA?J B?R? SLBCP ?RMKQ ?PC ICNR DPMXCL RFCL



"JRCPL?RGTCJIJW ®D@XTICAREBB F?230 RFC BCD?SJR ?JJ ?RMKGA AMMPBGL?RCQ
-GLC?P 5P?LQGR N?P?KCRCPQ ?LB RFC CVNJGAGRJW DPMXCL AMMPBGL?RCQ *lL
ECMT?P MRFCP RF?L RM DPCCXC RFC AMMPBGL?RC MP RM BCDGLC GR ?Q ? -GLC
GLGRG?J T?JSC RM RFC NCPR?GLGLE AMMPBGL?RCQ *L RFGQ PCQNCAR GR GQ I
BGPCARJW GL RFC ?RMKQ @JMAI CVACNR DMP RFC LCVR ?QNCAR 1JC?QC LMRC
RFC -5 N?P?KO&ERMMNREEGXCB RFC /&# N?P?KCREHE @ QARGBD GEB8 GLURKMD
MNRGKGXCB

5FC Q?KC GBCLRGDGCP K?W @C SsQCB bMP RUM MP KMPC AMMPBGL?RCQ GL ?RM
DPMXCL RFCW UGJJ DMPAG@JW @C ICNR COS?J RFPMSEFMSR RFC MNRGKGX?R(
DPCCBMK %ML R SQC RFC Q?KC ECMT?P T?PG?@JC DMP AMMPBGL?RCQ RF?R @ ¢
RWNCQ MP RyMe8KDDMCRRGL?RCQ ?L ?LEJC ?LB ? @MLB JCLERF DMP GLQR?LAC
?LB GR UGJJ TCPW NPM@?@JW JC?B RM ?L CPPMP ?@MPR MP RM QRSNGB PCQS.

*R GQ ?JIJMUCB RM NSR ?Q ?RMKBAUSAMECRBGRERRICBEB@BC?PRMK® G C RFC L?KC N
BGPCARIJW @W ? KGLSQ QGEL UGRFMSR ? @J?LI GL @CRUCCL 5FC AMMPBGL?|
MNNMQGRC QGEL RM AMMPBGL?RCQ RF?R ?PC BCDGLCB @W RFC Q?KC T?PG?@.
DGL?J GL A?QC MD ? -5 MP /&# PSL T?JSC DMP RF?R AMMPBGL?RC GQ RFC LCE’

coordinate types

B3CQRPGARCB MNRGKGX?RGMLQ ?PC NCPDMPKCB @W DPCCXGLE ACPR?GL AMMPE
Q?KC ECMT?P GBCLRGDGCP DMP BGDDCPCLR AMMPBGL?RCQ MP @W SQGLE RFC
GL C?AF -GLC?P 5P?LQGR MP *3$ PSL "JJ PCQRi2AREI B NRRIGEKCXRRN M [ Q PEC?Harl
$?PRCQG?L MP ; K?RPGVY COS?J RFC RWNC MD AMMPBGL?RCQ SQCB GL ?RMKQ
@ Cartesian GL RFGQ PCQNCAR

*D RFGQ GQ TGMJ?RCB GL ? -GLC?P 5P?LQGR A?JASJ?RGML RFC NPMEP?K UGJJ
ECMT?P UFGJC LMR SQGLE RFC Q?KC AMMPBGL?RC RWNC DMP ?RMKQ ?Q DMP M
PCDCP RM RFC Q?KC ECMT?P GBCLRGDGCP DMP BGQRGLAR AMMPBGL?RCQ UFGJ
T?PG?@JCQ BM LMR K?RAF RFC NPMEP?K UGJJ AMLRGLSC ?LB ?QQSKC RF?R WN
starting T?JSCQ RM RFC NCPR?GLGLE AMMPBGL?RCQ /M COS?JGRW AMLQRP?GLRQ |
MNRGKGX?RGML

linear combinations of constraint

*R GQ MDRCL BCQGP?@JC RM A?PPW MSR ? ECMKCRPW MNRGKGX?RGML GL GLR(
AMMPBGL?RCQ ?PC PCOSGPCB RM K?GLR?GL AMLQR?LR T?JSCQ PCJ?RGTC RM C
RUM GLRCPL?J AMMPBGL?RCQ ? ICNR COS?J A?L @C ?AFGCTCB @W PCDCPCLAGL
RFC (&07"3 @JMAlI &LQSPGLE ? BGDDCPCLR PCJ?RGMLQFGN QSAF ?Q DMPAGLE

"LEQRPMK JMLECP RF?L ?LMRFCP GQ KMPC BGDDGASJR RM ?AFGCTC 5FCQC |
K?L?ECB RFPMSEF RFC APC?RGTC SQC MD BSKKW ?RMKQ @SR RFGQ GQ ECLCP?.
?R ?JJ

5FGQ ICW A?L LMR @C SQCB GL A?QC MD MNRGKGX?RGML GL BCIMA?JGXCB AMM

5FC -*/&"3%$0/453"*/54 ICWUMPB ?JJMUQ ECMKCRPW MNRGKGX?RGMLQ UGRF AMLC
JGLC?P AMK@GL?RGMLQ MD GLRCPL?J AMMPBGL?RCQ RM @C NCPDMPKCB OSGR(
JGLC?P AMK@GL?RGML RM @C AMLQRP?GLCB MP SQCB ?Q N?PR MD ? JGLC?P RP
@CGLE QRCNNCB ?Q UMSJB ? T?PG?@JC DPMK RFC (&07"3 @JMAI



LINEARCONSTRAINTS
Namel Datal
VAR11 Coefll
VAR12 Coefl2

SUBEND
Name2 Data2
VAR21 Coef21
VAR22 Coef22

SUBEND

end
Namex

*BCLRGDGCP MD RFC VRF JGLC?P AMLQRP?GLR

Datax

&GRFCP MD RUM DMPK?RQ

" QGLEJC LSK@CP EGTGLE RFC T?JSC MD RFC VRF AMLQRP?GLR

5UM LSK@CPQ RFC DGPQR ?Q GL ?LB RFC QCAMLB RFC DGL?J T?JSC GL ?
-*/&"353"/4*5 ICWUMPB KSQR @C NPCQCLR GL RFC (&0.&53: @JMAI

Varxy

/?KC MD RFC WRF T?PG?@JC GL RF?R GQ N?PR MD RFC VRF AMLQRP?GLR 77?P
@JIMAI

Coeffxy

$MCDDGAGCLR MD 7?PVW GL RFC JGLC?P AMK@GL?RGML BCDGLGLE RFC AMLQ
Coeffl1*Varll + Coeffl2*Varl2 ...= Datal

5FC QSKK?RGML KSQR @C AMLQGQRCLR UGRF RFC GLGRG?J T?JSCQ MD RFC 7

5FGQ NPMACBSPC GQ MLJW NMQQG@JC UFCL RFC ECMKCRPW GQ BCDGLCB GL R
NPMEP?K UGJJ LMR AMKNJ?GL GR K?ICQ LM QCLQC RM F?TC JGLC?P AMK@GL?R
MD AMSPQC

5FC LSK@CP MD JGLC?P AMLQRP?GLRQ KSQR @C JCQQ RF?L MP COS?J RM RFC L
OLJW GLRCPL?J AMMPBGL?RCQ GLTMJTGLE 2. ?RMKQ A?L @C GLAJSBCB ?R RFGQ

"Q ? ECMKCRPW MNRGKGX?RGML GQ PSL RFC DMPAC ?ARGLE ML RFC JGLC?P AN
RFC DMPACQ ML RFC GLRCPL?J AMMPBGL?RCQ 5FC AMLQRP?GLR DMPACQ K?W (
DMP GLQR?LAC

Z-matrix and symmetry

*D RFC QRPSARSPC MD RFC ; K?RPGV BMCQ LM&IPAOWUCRR?BEB Q WKEK CRRWGNB R
NPMEP?K K?W CLAMSLRCP ?JEMPGRFKGA NPM@JCKQ RM fo2dRAF ?JJ BCK?LBQ "Q
AMMPBGL?RCQ K?W @C DMSLB RM AF?LEC 6QS?JJW RFCQC AF?LECQ ?PC TCPW
GL ? QWKKCRPGA U?W



Summary of geovar, optim, and atoms

"M Bnconstrained MNRGKGX?RGML BML RpthQ GREESMIT MN RGNNIXWPRGML GQ PCOSGPCB UF(
B?R? GL RFC ?RMKQ @JMAI U?Q Gi-métrik MRPRE/KBMPRGRIIMB Q@ PCIOSGPCB UFGJC RF
GLNSR U?Q GL XA?PR DMPK?R 1PMTGBC RFC ?RMKGA AMMPBGL?RCQ ?RMKQ B

'MP MNRGKGX?RGMLQ UFCPC MLJW TCPW DCU AMMPBGL?RCQ ?PC DPMXCL SQC
?LB MP RM CLDMPAC COS?JGRW MD MNRGKGX?RGML AMMPBGO#RCQ UFMQC T?2JS
RFC RWNC MD MNRGKGX?RGML AMMPBGL?RCQ $?PRCQG?L MP GLRCPL?J KSQF
GLNSR N?PR @CA?SQC WMS PC SQGLE AMLQRP?GLRQ LMU *L RFC ?RMKQ QCARG
AMMPBGL?RCQ ?LB DMP RFMQC RF?R QFMSJB Q?RGQDW COS?JGRW AMLBGRGML(
MNRGKGX?RGML AMMPBGL?RCQ

'"MP TCPW JGKGRCB MNRGKGX?RGML &P RLBL?ROEG RDIC UGRFCBCWINRBMLLOBRFEI T?
RFC AMMPBGL?RCQ RF?R WMS U?LR RM MNRGKGXC *L RFC ?RMKQ GLNSR SQC G
LSKCPGA?J GLNSR AMMPBGL?RCQ ?PC ICNR DPMXCL ?SRMK?RGA?JJW LMU

Initial Hessian

#W BCD?SJR RFC GLGRG?J )CQQG?L GQ PC?B DPMK ? PCQR?PR DGJC QCC RFC
DGCJB RF?R GQ GKNJCKCLRCB GL RFC NPMEP?K *L RFC J?RRCP A?QC RFC SQCP
)CQQG?L GL DMSP U?WQ

#W QCRRGLE ?JJ BG?EML?J CJCKCLRQ RM QMKC AMLQR?LR

#W BCDiBdeGAMLQR?LRQ MLC DMP BGQR?LACQ MP $?PRCQG?L BGQNJ?ACK(
MLC DMP @MLB ?LEJCQ ?LB MLC DMP BGFCBP?J ?LEJCQ

"JJ BG?EML?J CIJCKCLRQ MD RFC )CQQG?L ?PC ?B?NRCB ?AAMPBGLEJW
#W QSNNJWGLE ? JGQR MD BG?EML?J T?JSCQ

#W EGTGLE BG?EML?J )CQQG?L T?JSCQ DMP MLC MP KMPC QNCAGDGA AMN

'"MP C?AF CUCMELIRFGAF ? BG?EML?J )CQQG?L T?JSC )GG GQ QSNNJGCB RFC MDD
?PC QCR RM XCPM

" AMK@GL?RGML MD RFC ?@MTC MNRGMLQ GQ NMQQG@JC 5FC PSJCQ MD FMU A
NPMEP?K ?PC

g 5FC NPMEP?K DGPQR GLGRG?JGXCQ RFC )CQQG?L SQGLE RFC DMPAC DGC

g *D ? QGLEJCLIAMPQRPREC RMROR?QKQMYNIGCB ?JJ BG?EML?J CIJCKCLRQ ?PC
?2LB ?JJ MDD BG?EML?J CIJCKCLRQ ?PC QCR RM XCPM

g *D ? JGQR MD BG?EML?3 TRFG® ML PBGBCGCBFC DGPQR QM K?LW T?2JSCQ
4SAF ? JGQR GQ LMR at BGSE M C BJRM GQHICRPQ
*D RFC JGQR GQ QFMPRCP RF?L RFC BGKCLQGML MD RFC )CQQG?L G C R
MLJW RFC DGPQR QM K?LW CJCKCLRQ UGJJ @C ?BHSQRCB

g *D ?LW GLBGTGBS?J CIJCKCLRQ4PC QSNNJGCB QNCAGDGA?JJW
RFCGP T?JSCQ ?PC PCNJ?ACB GL RFC BG?EML?J BCDGLCB RFSQ D?P

"JJ GLNSR T?JSCQ MD RFC )CQQG?L ?PC GL SLGRQ MD )?PRPCC @MFP DMP $?PF
)?PRPCC P?BG?L DMP @MLB ?LEJCQ ?LB BGFCBP?J ?LEJCQ

5FC DGPQR MNRGMLQ ?PC AMLRPMJJCB @W RFC ICW )&44%*"(



HESSDIAG {General}
{ List
end}

HESSDIAG

"general ICW GR F?Q CGRFCP ?L ?PESKCLR (CLCP?J MP ? B?R? @JMAI -GQR
?PESK@DMRFC B?R? @IJMAI @SR RFGQ PCOSGPCQ RF?R RFC AMLRGLS?RGML Q\
?PESKCLR QCN?P?RCB DPMK RFC ?PESKCLR @W ?R JC?QR MLC @J?LI

General

.SQR @C CGRFCP ? QGLEJC LSKCPGA?J T?JSC MP MLC MP KMPC L?KCB QNCAC
MNRGMLL?KC T?JSC

*D ? QGLEJC LSKCPGA?J T?JSC GQ EGTCL RFGQ T?JSC GQ ?QQGELCB RM ?JJ

L?KCB MNRGML DMPK?R GQ ?NNJGCB ?LW L?KCB MNRGMLQ RF?R ?PC LMR DM!
5FC MNRGMLQ ?PC P?B P?BT?JSC RM ?QQGEL ? T?JSC RM ?JJ )CQQG?L BG?EN
AMMPBGL?RCQ @MLB JCLERF GL A?QC MD X K?RPGV AMMPBGL?RCQ $?PRCQGC

?LE ?PLET?JSC RM ?QQGEL ? T?JSC RM ?JJ CICKCLRQ RF?R PCDCP RM @MLB ?L
BGFCBP?J ?LEJCQ
?LE ?LB BGF ?PC LMR QGELGDGA?LR GL $?PRCQG?L MNRGKGX?RGMLQ

List

"JGQR MD LSKCPGA?J T?JSCQ UFGAF K?W CWVNSKEUFQP?RPCWESIN@EPBM R IGW
?PC ?QQGELCBNnBNM FEACLRLE RQBKCLRQ MD RFC )CQQG?L 5FC PCK?GLGLE BG?EN
?PC LMR CDDCARCB 5FC K?VGKSK LSK@CP MD )CQQG?L BG?EML?J CIJCKCLRQ
AMMPBGL?RCQ

5FC DMPAC DGCJB BCPGTCB GLGRG?J )CQQG?L A?L @C NPGLRCB DMP GLQNCARC
HESSTEST

"%' UGJJ AMLQRPSAR ?LB NPGLR RFC GLGRG?J )CQQG?L ?LB RFCL ?@MPR

Hessian values for selected coordinates
5FC BG?EML?J CJCKCLRQ DMP QCJCARCB DPCC AMMPBGL?RCQ A?L @C EGTCL GI
ECMT?P @JMAI

GEOVAR
Varname Data H=HessValue
end

Varname, Data

5FC L?KC MD RFC T?PG?@JC ?LB ?LW B?R? ?Q BGQASQQCB GL RFC QCARGMLQ
DGL?J T?JSC GL A?QC MD ? -GLC?P 5P?LQGR PSL MP ? 'PMXCL QNCAGDGA?R

HessValue



5FC T?JSC DMP RFC BG?EML?J CJCKCLR MD RFC )CQQG?L ?QQMAG?RCB UGRF
RF?R ?PC BCDGLCB @W RFGQ T?PG?@JC UGJJ ECR RFC )CQQ7?JSC ?Q BG?EMI
4NCAGDGA?RGML MD ? )CQQ7?JSC DMP ? DPMXCL AMMPBGL?RC MP ? -GLC?P 5

Restrained optimizations

6N RM LMU RFC MLJW U?W RM AMLQRP?GL BGQR?LACQ ?LEJCQ MP BGFCBP?J 7?1
@W SQGLE ? ; K?RPGV ?LB DPCCXGLE RF?R N?PRGASJ?P AMMPBGL?RC 8GRF RF
any AMMPBGL?RC BGQR?LAC ?LEJC BGFCBP?J GPPCQNCARGTC MD RFC AMMPB

IMRC RFC BGDDC Rasthbed@ Bisttanéd AMMPBGL?RCQ "R CTCPW QRCN GL RFC ECMK
MNRGKGX?RGML cast@ng® ASM MBGL?RC QFMSJB K?RAF CV?ARJW ? NPCBCDGLCB D
MRFCP F?ldBtralt6 RF NMRCLRG?J GQ ?BBCB RM RFC NMRCUé&seahi GIFCPAEW GL MPBCH
KC?LQ RFrefraRFEMCQ LMR F?TC RM @C Q?RGQDGCB CV?ARJW 'MP CV?KNJC MLC
? ECMKCRPW MNRGKGX?RGML PSL GL UFGAF RFC PCQRP?GLR GQ LMR Q?RGQDG(

5FC 3&453"*/5 ICWUMPB ?JJMUQ ECMKCRPW MNRGKGX?RGMLQ UGRF PCQRP?GLR!
?RMKQ ?L ?LEJC BCDGLCB @W RFPCC ?RMKQ ?LB MP ? BGFCBP?J ?LEJC BCDG

RESTRAINT
DIST lal la2 Ra {[Aa] [Ba]}
ANGLE Ib1 Ib2 Ib3 Rb {[Ab] [Bb]}
DIHED Ic1 Ic2 Ic3 Ic4 Rc {[Ac] [Bc]}
end

DIST

8FCDISTGQ QNCAGDGCB RFC BGQR?LAC @CRUCCL ?RMKQ *? ?LB *? GQ PCQR
LSK@CPQ QFMSJBnp@06rderG RFIC GI1?JSC DMP RFC BGQR?LAC GL "LEQRPMK 5FC "?
?2PC KCPC RCAFLGA?J T?JSCQ RF?R BML R F?TC RM @C QNCAGDGCB GL D?AR
T?JSCQ RFC BCD?SJR T?JSCQ MD PCQN F?TC @CCL AFMQCL ML QCLQG

ANGLE

8FCANGLE GQ QNCAGDGCB RFC ?LEJC @CRUCCL ?RMKQ *@ *@ ?LB *@ *@ *
T?JSC 3@ 5FC ?RMK LSK@ CP Qip@Bides JRRECTEGICIDEP RFC ?LEJC GL BCEPCCQ
?LB #? T?JSCQ ?PC KCPC RCAFLGA?J T?JSCQ RF?R BML R F?TC RM @C QNCAG
AF?LEC RFCQC T?JSCQ RFC BCD?SJR T?JSCQ MD PCQN F?TC @CCL AFN\

DIHED

8FCDIHED GQ QNCAGDGCB RFC BGFCBP?J ?LEJC @CRUCCL ?RMKQ *A *A *A |
PCQRP?GLCB RM RFC T?JSC 3A 5FC ?RMipuL@de@ RFQ @ £ISSC B MR FERCT CLEGC GL
BCEPCCQ 5FC "? ?LB #? T?JSCQ ?PC KCPC RCAFLGA?J T?JSCQ RF?R BML R F’
PCAMKKCLBCB LMR RM AF?LEC RFCQC T?JSCQ RFC BCD?SJR T?JSCQ MD P
QCLQG@JC EPMSLBQ 5FC BGFCBP?J ?LEJC *A *A *A *A GQ BCDGLCB GL RFC

"%' S5FC BGFCBP?J ?LEJC GQ NPMHCARCB MLRM RFC < ,= GLRCPT?J QM RFCI
QNCAGDWGLE f MP f

Symmetry versus constraints

5FC QWKKCRPW MD RFC ?RMKGA QWQRCK BCDGLCB @W RFC GLNSR 4AFdLDJGCQ
MNRGKGX?RGML *D RFC GLNSR GLDMPK?RGML UFGAF AMMPBGL?RCQ ?PC ICNR



UGRF RFC QWKKCRPW RFC J?RRCP UGJJ NPCT?GJ ?LB ?L CPPMP CVGR K?W MAA
DGPQR AMKNSRCB ?AAMPBGLE RM RFC SQCP QNCAGDGCB AMLQRP?GLRQ MP PC
QWKKCRPGXCB ECMKCRPW SNB?RC GQ ?NNJGCB PCE?PBJCQQ UFCRFCP RFGQ P
AF?LECB

*LNSR QNCAGDGA?RGMLQ RF?R ?PC GL AMLDJGAR UGRF RFC NMGLR EPMSN QWK

Frequencies

J)?PKMLGA DPCOSCLAGCQ A?L @C AMKNSRCB GL "%' CGRFCP LSKCPGA?JJW MP ?I
AMKNSRCB LSKCPGA?JJW @W BGDDCPCLRG?RGML MD CLCPEW BFZBGCLRQ GL Q.
?L?IWRGA?J QCAMLB BCPGT?RGTCQ GKNJCKCLR?RGML GL "%' GQ @?QCB ML <

Analytical Frequencies

5FC DPCOSCLAGCQ ?PC A?JASJ?RCB 2haViiddR&GA WDIWABNVC QN RBDYGCL EARB®MU DM
KMPC BCR?GJQ 5FC ?L?JWRGA?J DPCOSCLAGCQ ?PC ?2Q ?AASP?RC ?Q RFC LSK(
GLRCEP?RGML ?AASP?AW @SR A?L @C SN RM RM RGKCQ OSGAICP RM AMKNS
GLRCEP?RGML EPGB N?P?KCRCPQ ?LB AFMGAC MD @?QGQ QCR 5FC ?L?JWRGA?
JGLC?PJW QA?JCB

Note: 5FC ?L?IWRGA?J A?JASI?RGML MD DPCOSCLAGCQ GL A?QC MD ;03" ?LB DPM)
TCPQGML SN RM ?LB GLAJSBGLE "%' @ *L RFGQ A?QC RFC LSKCPGA?J DPCO
?L?IWRGA?J A?JASI?RGML MD DPCOSCLAGCQ GL A?QC MD ;03" ?2LB ?JJ CJCARPM
JMUCTCP RFCPC QCCK RM @C LSKCPGA?J QR?@GJGRW GQQSCQ GL A?QC MD A?
J?PEC 2; 1 @?QGQ QCRQ DMP FC?TW CJCKCLRQ JGIC SP?LGSK 5FC A?JASJ?RCE
PCJG?@JC GL RFCQC A?QCQ

$?JASJ?RGLE RFC ?L?IJWRGA?J DPCOSCLAGCQ PCOSGPCQ RFC QMJSRGML MD RF
COS?RGMLQ UFGAF GQ ?L GRCP?RGTC NPMACQ QunibE®atitaP R LMDGRFC NPMACQQ
ECLCP?JJW RFC K?GL @MRRJC LCAI GL A?JASJ?RGLE RFC DPCOSCLAGCQ ©5FC G
$1,4 COS?RGMLQ GQ RFC 6 K?RPGV RFC AMKNMLCLRQ MD UFGAF ?PC AJMQCJW
AMCDDGAGCLRQ OLC MD RFC ?BHSQR?@JC N?P?KCRCPQ GL RFC GLNSR MD ?L ?
SQCB RM AMLRPMJ RFC ?AASP?AW MD RFC 6 K?RPGV AMKNMLCLRQ

OLC BGQ?BT?LR?EC GL A?JASJ?RGLE ?L?IJWRGA?J DPCOSCLAGCQ GQ RF?R RFC P
GQ JGKGRCB b5FGQ GQ @CA?SQC BCPGT?RGTC DMPKSJ?Q F?TC RM @C BCPGTCI
GL "%' UFGAF GQ LMR ?L QRP?GEFR DMPU?PB R?QIl )CPC ?PC RFC ASPPCLRJIJW

LDA: 90/-: 78/ 450--

Exchange GGA: #CAIC 015V 1#&V P1l#&V PCT1#&V
Correlation GGA: -:1 1CPBCU 1#&A

XC GGA shortcuts:  #1 1#& 31#& PCT1#& #-:1 0-:1 01#&

"LW DSLARGML?J LMR KCLRGMLCB ?@MTC GQ LMR GKNJCKCLRCB GLAJSBGLE 18

5M A?JASJ?RC RFC DPCOSCLAGCQ ?L?IJWRGA?JIJW GLAJSBC RFC @JMAI ICW UMF
?2T?GJ?@JC @SR GL ECLCP?J RM A?JASJ?RC RFC DPCOSCLAGCQ LM QS@ICWQ
WMSP PSL DGJC GQ QSDDGAGCLR

AnalyticalFreq
End



6LJGIC RFC LSKCPGA?J DPCOSCLAGCQ RFC ?L?JWRGA?J DPCOSCLAGCQ A?L @C
MNRGKGX?RGML @W GLAJSBGLE @MRF @JMAI ICWUMPBQ GL RFC Q?KC GLNSR D¢

Geometry
... Geometry optimization options here ...
End

AnalyticalFreq
End

A note of caution: 'MP ?AASP?RC DPCOSCLAGCQ GR GQ CQNCAG?JJW GKNMPR?LR RM ?
ECMKCRPW %SPGLE ? ECMKCRPW MNRGKGX?RGML RFC GLRCEP?RGML ?AASP?A\
DPCOSCLAGCQ UGJJ ?JQM F?TC RFGQ JCTCJ MD GLRCEP?RGML ?AASP?AW UFGJC
AMKNSRCB UGRF ? FGEFCP ?AASP?AW *D ?AASP?RC DPCOSCLAGCQ ?PC PCOSGFP
GLRCEP?RGML ?AASP?AW @W SQGLE RFC */5&(3"5*0/ ICWUMPB ?LB QCR RFC AM
ECMKCRPW MNRGKGX?RGML RGEFRCP

5FC DMPK?R DMP RFC "L?JWRGA?J'PCO @JMAI ICW GQ

AnalyticalFreq
PRINT {eigs} {ul} {parts} {raw_freq}
DEBUG {fit} {hessian} {b1} {densities} {numbers} {symmetry} {all}
MAX_CPKS_ITERATIONS Niter
CHECK_CPKS_FROM_ITERATION N
Ul_ACCURACY x
NUC N1 N2 ... Nk

End

"L CVNJ?L?RGML MD RFC QS@ICWQ DMJJIJMU

PRINT

5FGQ GQ NPGK?PJW DMP BC@SEEGLE NSPNMQCQ $FMMQGLE &*(4 PCQSJRQ G|
UFGJC 6 PCQSJRQ GL RFC NPGLR MSR MD RFC 6 K?RPGACQ &VACNR DMP QK
B?R? @CGLE MSRNSR ?LB QM RFCW ?PC LMR PCAMKKCLBCB $FMMQGLE 1"354
T?PGMSQ QS@ FCQQG?LQ RF?R ?BB SN RM EGTC RFC DGL?J ?L?IJWRGA?J FCQ((
MD RFC GLGRG?J DMPAC K?RPGV UFGAF ?PC CQQCLRG?JJW RFC DPCOSCLAGC
BCEPCCQ MD DPCCBMK F?TC @CCL PCKMTCB DPMK RFC DMPAC K?RPGYV

DEBUG

5FGQ GQ DMP BC@SEEGLE NSPNMQCQ 5FC AFMGAC '*5 PCQSJRQ GL RFC NPGL
A?JASJ?RGML MD RFC DGR AMCDDGAGCLRQ ?LB RFCGP BCPGT?RGTCQ )&44*"/
QS@ )CQQG?LQ RF?R ?BB SNQ RM EGTC RFC DGL?J )CQQG?L .?LW KMPC )CQQ
RF?R UGRF RFC NPGLR N?PRQ QS@ICW MNRGML KCLRGMLCB ?@MTC $FMMQ(
AMPC MPRFMEML?JGX?RGML AMCDDGAGCLRQ ?LB RFCGP BCPGT?RGTCQ %&/4
T?PGMSQ BCLQGRGCQ AMKNSRCB BSPGLE RFC A?JASJ?RGML MD RFC DPCOSCL
NPGLR MSR MD LSK@CPQ MD @?QGQ DSLARGMLQ DGR DSLARGMLQ CRA ?Q U
RM RFC A?JASJ?RGML MD RFC ?L?JWRGA?J QCAMLB BCPGT?RGTCQ 4:..&53: P(
QWKKCRPW K?RPGACQ @CGLE NPGLRCB MSR "-- A?L @C SQCB RM NPGLR MSR

MAX_CPKS_ITERATIONS Niter

$?JASJ?RGLE RFC ?L?JWRGA?J DPCOSCLAGCQ PCOSGPCQ RFC QMJSRGML MD |
$1,4 COS?RGMLQ UFGAF GQ ?L GRCP?RGTC NPMACQQ 'MP KMQR QWQRCKQ |



PCOSGPCB ?AASP?AW GL RFC 6 K?RPGV GQ ?AFGCTCB UGRFGL /GRCP GRCPF
AMLTCPECLAC GQ LMR ?AFGCTCB ? U?PLGLE UGJJ @C NPGLRCB GL RFC MSRN
A?L @C SQCB RM GLAPC?QC RFC LSK@CP MD GRCP?RGMLQ ?JRFMSEF AMLTCHF
PCOSGPCB ?AASP?AW MD RFC 6 K?RPGV ?2Q UCJJ ?Q RFC "%' GLRCEP?RGML 7~
AMLTCPECLAC

CHECK_CPKS_FROM_ITERATION N

4MJSRGML MD RFC $1,4 COS?RGMLQ GQ ?L GRCP?RGTC NPMACQQ ?LB AMLTCHF
@CRUCCL 6 K?RPGV MD QSAACQQGTC GRCP?RGMLQ D?JJQ @CJIJMU ? ACPR?GL
BCRCPKGLC ?R UFGAF GRCP?RGML RFC AFCAIGLE QFMSJB QR?PR R?IGLE NJ?A

Ul _ACCURACY x

4MJSRGML MD RFC $1,4 COS?RGMLQ GQ ?L GRCP?RGTC NPMACQQ ?LB AMLTCHF
@CRUCCL 6 K?RPGV MD QSAACQQGTC GRCP?RGMLQ D?JJQ @CJIJMU ? ACPR?GL
QCR RFC RFPCQFMJB 5FC ?AASP?AW MD RFC 6 UGJJ @C V 4M RFC FGE
RFC 6 UGJJ @C QGKGJ?P RM RFC GLRCEP?RGML ?AASP?AW N?P?KCRCP 5FC
CDDCARQ RFC ?AASP?AW MD RFC DPCOSCLAGCQ MRFCP D?ARMPQ ?JQM CDDC
CONCAG?JIJW RFC "%' GLRCEP?RGML ?AASP?AW

NUC N1 N2 ... Nk

#W BCD?SJR UFCL A?JASJ?RGLE RFC DPCOSCLAGCQ ?L?IWRGA?JIJW RFC BCP
LSAJCG ?PC A?JASJ?RCB 5FGQ EGTCQ ? AMKNJCRC )CQQG?L QCAMLB BCPGT"
TG@P?RGML?J DPCOSCLAGCQ MD RFC KMJCASJC A?L @C A?JASJ?RCB )MUCTC
MLJW BCPGT?RGTCQ UGRF PCQNCAR RM ? QS@QCR MD ?JJ RFC LSAJCG ?PC P
Q?TGLE GL RGKC GD MLJW ? N?PRG?J )CQQG?L GQ A?JASJ?RCB 8GRF RFGQ Q
BCPGT?RGTCQ ?PC PCOSGPCB A?L @C QNCAGDGCB )MUCTCP RFC DPCOSCLA
DPCOSCLAGCQ MD RFC KMJCASJC @SR K?W @C SQCB GL ESGBGLE ACPR?GL F

Restarting Analytical Frequency jobs

"L?IWRGA?J DPCOSCLAW HM@Q A?L @C PCQR?PRCB GD ? NPCTGMSQ HM@ BGB L
5"1& F?Q @CCL Q?TCB UGRFMSR ?LW AMPPSNRGML RM RFC DGJC 6NML BMGLE
RFC "%' NPMEP?K UGJJ AFCAI DMP RFC NPCQCLAC MD ?L GLAMKNJCRC )CQQG?L
GLAMKNJCRC 6 K?RPGY RFCL ?RRCKNR RM DGESPC MSR UF?R KMPC LCCBQ RM

5FC PCQR?PR MNRGML K?W ?2JQM @C SQCDSJ GL AMK@GL?RGML UGRF RFC ?RMK
MD ?RMKQ DMJIMUGLE RFC ICWUMPB LSA GL RFC ?L?JWRGA?JDPCO @JMAI ICW

GLQR?LAC WMS AMSJIB A?JASJ?RC RFC N?PRG?J )CQQG?L DMP ? QS@QCR MD ?R
?LMRFCP QS@QCR MD ?RMKQ MP RFC PCQR MD RFC ?RMKQ MD RFC KMJCASJC R

Numerical Frequencies

$?JASI?RGML MD RFC LSKCPGA?J DPCOSCLAGCQ GQ QNCAGDGCB SQGLE RFC '3&
@JMAlI .MQR MD RFC QS@ICWQ GL RFC ECMKCRPW @JMAI ?PC KC?LGLEJCQQ DM
? '"PCOSCLAGCQ A?JASJ?RGML GQ LMR ? T?PG?RGML ML MNRGKGX?RGML @SR P
RFC COSGJG@PGSK ECMKCRPW ?LB ? QCPGCQ MD QJGEFRJW BGDDCPCLR ECMKC
EP?BGCLRQ RFC DMPAC AMLQR?LRQ ?LB FCLAC RFC DPCOSCLAGCQ ?PC AMKNSR
RFC CLCPEW QSPD?AC

GEOMETRY
Frequencies {Symm} {Allowed} {Numdif=Numdif} {Disrad=drad} {Disang=dang} {SCANALL} {NOSCAN}



iterations Niter
end

Symm

5FGQ QUGRAF PCOSCQRQ RF?R DPCOSCLAGCQ ?PC A?JASJ?RCB GL QWKKCRPC
A?JASJ?RGML DGPQR QWKKCRPGA ?RMKGA BGQNJ?ACKCLRQ ?PC AMLQRPSARC
C?AF GPPCBSAG@JC PCNPCQCLR?RGML AMPPCQNMLBQ RM RFC LSK@CP MD DF
QWKKCRPW "JJ BGQNJ?ACB ECMKCRPGCQ UGRFGL MLC PCNPCQCLR?RGML F?T
SQ RM SQC GR RM QNCCB SN RFC AMKNSR?RGML QGELGDGA?LRJW "LMRFCP ?
GQ RF?R RFC LSKCPGA?J GLRCEP?RGML B?R? A?L @C PCSQCB CDDGAGCLRJW
JCTCJ MD LSKCPGA?J LMGQC GL EP?BGCLRQ ?LB DMPAC AMLQR?LR K?RPGV 5
UMPIQ UGRF ECMKCRPGCQ QNCAGDGCB GL $?PRCQG?L AMMPBGL?RCQ 5FGQ N
P C Q R ? PHs dptivd Goes not work correctly when symmetry is explicitly specified in the input

file.

Allowed

"LMRFCP ?BT?LR?EC MD RFC QWKKCRPGA BGQNJ?ACKCLRQ GQ RF?R MLJW ? Q
A?JASJ?RCB 5FC "--08&% MNRGML PCOSCQRQ AMKNSR?RGML MD MLJW *3 TGQ
MLIJW SQCDSJ DMP QWKKCRPGA KMJCASJCQ UFCPC GR A?L @C ? @GE RGKC Q°

Numdif

.SQR F?TC RFC T?JSC @CRUCCL ?LB ?LB QNCAGDGCQ RFC RWNC MD LSKCP
AMKNSRC RFC DMPAC AMLQR?LRQ DPMK EP?BGCLRQ GL QJGEFRJW BGQNJ?ACI
LSKCPGA?J BGDDCPCLRG?RGML *L RFC A?QC MD NMGLR BGDDCPCLRG?RGML
AMKN?PCB UGRF RFC EP?BGCLRQ ?R RFC GLNSR COSGJG@PGSK ECMKCRPW
NMQGRGTC BGQNJ?ACKCLR ?PC ?NNJGCB WGCJBGLE KSAF KMPC ?AASP?RC P
AMKNSR?RGMLQ 5FGQ MNRGML GQ RFC BCD?SJR

*L ACPR?GL A?QCQ RFC NMGLR BGDDCPCLRG?RGML KCRFMB EGTCQ @CRRCP
EP?BGCLRQ GL RFC KGBBJC NMGLR GLRM ?AAMSLR 5FGQ GQ RFC A?QC UFCL
AMLTCPECB ?LB RFC PCQGBS?J EP?BGCLRQ ?PC LMR OSGRC AJMQC RM XCPM
GLRCPNMJ?RCQ RFC QCAMLB BCPGT?RGTC G C DMPAC AMLQR?LR ?R RFC XC
? QK?JJ BCTG?RGML DPMK RFC KGLGKSK ECMKCRPW GQ BCAPC?QCB 5FC PCO
?PC QK?JJ CLMSEF KMPC NPCAGQCJIJW JCQQ RF?R DMPACQ ?R BGQNJ?ACB EC
?P@QGRP?PW ECMKCRPGCQ GQ ? @?B GBC?

8FCL /SKBGD GQ QNCAGDGCB DMPAC AMLQR?LRQ K?RPGV UGJJ @C AMKNSR!
C?AF BGPCARGML RFC QR?LB?PB QCC BP?B B?LE @CJMU ?LB RUGAC ?Q QFI
AMKNSRCB SQGLE RFC SMK@CPE DMPKSJ? RF?R PCBSACQ RFC FGEFCP MPBCP
) RMR ) BV ) BV "JRFMSEF RFGQ KCRFMB PCOSGPCQ RUGAC ?Q K?LW (
A?L NPM@?@JW ECR PCJG?@JC PCQSJRQ SQGLE JMUCP GLRCEP?RGML ?AASP’

dang and drad

5FC BGQNJ?ACKCLRQ MD RFC AMMPBGL?RCQ RF?R UGJJ @C T?PGCB %?LE ?NI
BCEPCCQ ?LB BP?B ?NNJGCQ RM $?PRCQG?L V W X AMMPBGL?RCQ ?LB RM (
BCEPCC ?LB ?LEQRPMK

Niter

*L ? AJASIJ?RGML MD DPCOSCLAGCQ GR GQ RFC RMR?J LSK@CP MD BGQNJ?A
AMKNSRCB #W BCD?SJR RFGQ GQ GLRCPL?JIJW BCRCPKGLCB QSAF RF?R RFC .
AMKNJCRCB *D WMS PCBSAC GR RFC PSL UGJJ MLJW N?PRG?JJW @SGJB RFC
PCOSGPCB RM AMKNJCRC RFC AMKNSR?RGML



8"3/*/( WMS A?LLMR AMK@GLC ? 'PCOSCLAGCQ A?JASJ?RGML UGRF RFC 2. .. DC’

SCANALL and NOSCAN

"%' A?L QA?L QMKC MP ?JJ LMPK?J KMBCQ ?DRCP ? DPCOSCLAW A?JASJ?RGML
DPCOSCLAGCQ #W BCD?SJR RFC LMPK?J KMBCQ AMPPCQNMLBGLE ?JJ DMSLB
5FGQ A?L @C QUGRAFCB MDD @W QNCAGDWGLE /04%"/ 4ANCAGDWGLE 4%$"/"-- U
LMPK?J KMBCQ 5FCQC MNRGMLQ ?NNJW MLJW RM A?JASJ?RGMLQ GL ?RMKGA
LMR QNCAGDGCB 5FCQC RUM MNRGMLQ ?PC KSRS?JJW CVAJSQGTC RFC MLC

Thermodynamics

"R RFC CLB MD ? AMKNJCRCB 'PCOSCLAGCQ A?JASJ?RGML ? QSPTCW GQ EGTCL
$?N?AGRW *LRCPL?J &LCPEW &LRPMNW 5FC AMKNSRCB PCQSJRQ ?QQSKC ?L G
?PC GELMPCB 5FC J?RRCP GQ ? QCPGMSQ MKGQQGML GD RFC CJCARPMLGA AML
CDDCAR GQ QK?JJ UFCLCTCP RFC CLCPEW BGDDCPCLAC UGRF RFC LCVR QR?RC
DPCOSCLAGCQ

THERMO {P=pressure} {T=templ {temp2}} {(nT=nT}
pressure

5FC 1PCQQSPC GL ?RKMQNFCPCQ %CD?SJR T?JSC " XCPM MP LCE?RGTC |
NPMEP?K RM ? TCPW QK?JJ LSK@CP C

templ,temp2

5FC CLBNMGLRQ MD RFC 5CKNCP?RSPC P?LEC GL, DMP UFGAF RFC PCQSJR
RCKNCP?RSPC GQ AMLQGBCPCB ,

*D RFC MNRGML 5 GQ SQCB ?LB MLJW MLC T?JSC QSNNJGCB RCKN RFCL RC
RCKN

" XCPM MP LCE?RGTC RCKN?PRSPC GQ ?BHSQRCB @W RFC NPMEP?K RM ? TCF

nT
5FC LSK@CP MD QRCNQ @W UFGAF RFC RCKNCP?RSPC GLRCPT?J GQ QA?LLCB
NPMEP?K DPMK RFC RCKNCP?RSPC P?LEC RCKN RCKN QSAF RF?R RFC QRC(
, IMRC RF?R RFC LSK@CP MD RCKNCP?RSPCQ DMP UFGAF RFC A?JASJ?RGM
LSK@CP MD RGKEMCP?RSPC

5FC RFCPK?J ?L?JWQGQ GQ @?QCB ML RFC RCKNCP?RSPC BCNCLBCLR N?PRGRG
KMJCASJC GQ

E/NKT H  dhep KT hekT E°HKT DIKT
5FC QSKK?RGML GQ MT@GPGZI 1 FARK ML BAM:QGR?RRC?BBQQMAG?RGML CLCPEW

D D lR*H

Accuracy

"AASP?AW GQ ? APSAG?J ?QNCAR GL RFC AMKNSR?RGML MD DPCOSCLAGCQ GL !
RFC EP?BGCLRQ ?R RFC ECMKCRPGCQ BGQNJ?ACB ?JMLE RF?R KMBC UGJJ F?PB
COSGIJG@PGSK T?JSCQ QM LSKCPGA?J GLRCEP?RGML LMGQC K?W C?QGJW ?DD((



differences GL EP?BGCLRQ *R GQ UMPRFUF GZeCM®PMRA K LE)GSBNFP? ACRCDRQIJWRRMCC F?LI
QFMSJB @C QK?JJ GL MPBCP RM QSNNPCQQ RFC CDDCAR MD FGEFCP MPBCP 2L
?PMSLB RFC KGLGKSK ?R RFC MRFCP F?LB RFCW QFMSJB @C J?PEC CLMSEF RM
EP?BGCLRQ QM RF?R RFCQC ?PC AMKNSRCB PCJG?@JW

JGEF NPCAGQGML A?JASJ?RGMLQ UFCPC JMU DPCOSCLAW KMBCQ ?PC GLTMJTCB
< = 5FC BCD?SJR G C ?SRMK?RGA T?JSC GL ? '3&26&/$*&4 PSL GQ 5FGQ
A?QCQ @SR GR RSPLQ MSR RM @C PCOSGPCB OSGRC MDRCL GL MPBCP RM ECR
DPCOSCLAGCQ @W CT?JS?RGLE ? QCPGCQ MD BGQNJ?ACB ECMKCRPGCQ ?Q GR
AMLQSKGLE 5FGQ GQ CTCL KMPC QM GL TGCU MD RFC FGEF BCD?SJR GLRCEP~™
QFMSJB @C NPCN?PCB DMP JMLE A?JASJ?RGMLQ

6QGLE NMGLR BGDDCPCLRG?RGML P?RFCP RF?L NMGLR BGDDCPCLRG?RGML G
5FGQ BMS@JCQ RFC AMKNSR?RGML?J CDDMPR @SR GL RFC QMJdAMKNSRCB DMPA
MPBCP ?PC CIGKGL?RCB 4GLAC GL ECLCP?J RFC JMUCQR ?LF?PKMLGAGRW GQ |
?LF?PKMLGAGRW "E?GL RFGQ GQ ? DC?RSPC BGPCARCB NPGK?PGJW ?R M@R?C

5FC ?LB NMGLR KCRFMBQ ?PC GLRCLBCB RM ?QQGQR GL QNCAG?J A?QCQ ?LI
M@R?GLCB UGRF RFC NMGLR DMPKSJ? ?PC LMR Q?RGQD?ARMPW 5FC NMGLR
DMPACQ ?DRCP ECMKCRPW MNRGKGX?RGML ?PC @CRUCCL ?LB ? S ?LE(
M@R?GLCB UGRF RFC NMGLR DMPKSJ? ?PC KSAF A JMQCP RM RFMQC RF?R UMS
ECMKCRPW

*D ? 'PCOSCLAGCQ A?JASJ?RGML GQ A?PPGCB MSR MLJW RM AMLQRPSAR ? EMMI
PCQR?PR ICW ?AASP?RC PCQSJRQ ?PC LMR APSAG?J 5FC KMQR GKNMPR?LR RI
ESCQQ DMP RFC LCE?RGTC CGECLT?JSC ?LB GRQ ?QQMAG?RCB KMBC ?LB RM ?7
CGECLT?JSCQ 8C PCAMKKCLB RM ?TMGB RFC P?RFCP RGKC AMLQSKGLE QR?LB?
PSL DMP ? 54 QC?PAF ?LB RM JMUCP RFC NPCAGQGML MD RFC 'PCOSCLAGCQ PSI

Cartesian versus Z-matrix displacements

Cartesian BGQNJ?ACKCLRQ WGCJB SQS?JIMatixFBEEFE P? ACAKER RONVGRFALSQC GL RFC D
A?QC A?LACJJ?RGML MD LSKCPGA?J GLRCEP?RGML CPPMPQ @CRUCCL RFC BGDL

*D ; K?RPGV AMMPBGL?RCQ ?PC SQCB ?Q RFC BGQNJ?ACKCLR T?PG?@JCQ RFCL
MP XCPM BCEPCCQ ?PC ?KMLE RFCK 5FCW UGJJ TCPW NPM@?@JW @C RPC?RC
@MLB ?LEJCQ SQC BSKKGCQ RM PCBCDGLC RFC AMMPBGL?RCQ MP SQC $?PRCQ

Frequencies and GEOVAR keyword

5FC SQC MD RFC (&07"3 ICWUMPB GL AMK@GL?RGML UGRF ? 'PCOSCLAGCQ PSL C
?NNJGCB RM RFC BGQNJ?ACKCLRQ CTCL GD LM AMMPBGL?RCQ ?PC CVNJGAGRJYV
AMLLCARCB RM RFC Q?KC T?PG?@JC GL RFC (&07"3 @JMAlI MLIJW AMK@GLCB BG
?JJMUCB RF?R AMPPCQNMLB RM ? QK?JJ AF?LEC GL RFC (&07"3 T?PG?@JC 'MP F
(&07"3 ?LB 'PCOSCLAGCQ ICWUMPBQ GQ RM @C F?LBJCB UGRF CVRPCKC A?SRGN
GQ PCAMKKCLBCB LMR RM SQC RFC (&07"3 ICWUMPB @SR RM SQC %&'*/& GLQRC
CVNIJGAGRJW

Isotope Shifts of Vibrational Frequencies

5M A?JASJ?RC GQMRMNGA QFGDRQ SQGLE "%' BM RFC DMJIJMUGLE



g $?JASJ?RC DPCOSCLAGCQ ?LB Q?TC 5"1& UGRF ? BGDDCPCLR L?KC Q?W
g . MBGDW RFC GLNSR DGJC ?Q DMJJMUQ

z ?BB 3&45"35 PCQSJR R ?LWUFCPC GL RFC GLNSR DGJC

z APC?RC LCU DP?EKCLR DGJC UGRF BGDDCPCLR K?QQ

z QNCAGDW RFC DP?EKCLR DGJC GL '3"(.&/54 QCARGML
g 3SL "%' UGRF RFC LCU GLNSR

1JC?QC LMRC RF?R GD WMS AF?LEC RFC DP?EKCLR DGJC DMP ?L ?RMK RF?R F?C
LCU DP?EKCLR DGJC UGJJ @C ?NNJGCB RM ?JJ MD RFC ?RMKQ

&V?KNJC DGPQR A?JASJ?RC RFC /) DPCOSCLAGCQ GL RFC $ T QWKKCRPW ?LB
RF?R MLC A?JASJ?RCQ RFC DPCOSCLAGCQ MD ? /% KMJCASJC ?LB LMR MD /) % |
U?LRQ RM A?JASJ?RC RFC DPCOSCLAGCQ MD /) % MLC DGPQR F?Q RM BM ? A?JA
RM @C ?@JC RM AF?LEC GQMRMNC MD MLJW MLC MD RFC FWBPMECLQ

Scanning a Range of Frequencies

XL oo GR U?Q ?JPC?BW NMQQG@JC RM PCOSCQR ? DSJJ QA?L MD ?JJ DPCOSC
5FGQ U?Q MPGEGL?JJW BMLC RM FCJN GBCLRGDW QNSPGMSQ GK?EGL?PW DPCO
UMSJB CVNCAR ? TCPW JMU LC?PJW XCPM DPCOSCLAW .MQR DPCOSCLRJW RF(
PMR?RGML MD DMP CV?KNJC KCRFWJ EPMSNQ

4R?PRGLE DPMK "%' GR GQ NMQQG@JC RM QA?L ?LW P?LEC MD DPCOSCLAC
DMSLB GL ? PCQR?PR DGJC 5FC GLNSR ICWUMPB SQCB RM PCOSCQR RFC QA?L !

SCANFREQ low high
low, high

5UM T?JSCQ BCDGLGLE ?L GLRCPT?J MD DPCOSCLAGCQ RM QA?L 'PCOSCLAGC
PCA?JASJ?RCB @W LSKCPGA?J BGDDCPCLRG?RGML MD RFC EP?BGCLR ?JMLE |
5FGQ KC?LQI RBLEJC NMGLR A?JASJ?RGMLQ UGRF ERPB Q CRARX L& C@® CMIDC P D |
DPCOSCLAGCQ UGRFGL RFC P?LEC *K?EGL?PW DPCOSCLAGCQ ?PC QNCAGDGC
AMLQGQRCLR UGRF RFC LMR?RGML ?BMNRCB UGRFGL "%

5FC K?GL ?BT?LR?EC MD RFGQ KCRFMB GQ RF?R QGLEJC NMGLR A?JASJ?RGMLQ
NCPDMPKCB UGRFGL RFC Q?KC QWKKCRPW ?LB SQS?JJW UGRF RFC Q?KC LSKC
QGELGDGA?LRJW PCBSACQ RFC JCTCJ MD LSKCPGA?J LMGQC ?LB RFSQ GLAPC?C

Smoothing of Gradients

*L "%’ ? KCRFMB GQ GKNJCKCLRCB UFGAF GQ BCQGELCB RM QKMMRF RFC
NCPRSP@?RGMLQ GL KMJCASJ?P ECMKCRPW 5FGQ QFMSJB FCJN AMLTCPECLAC
MNRGKGX?RGML ?LB DPCOSCLAW A?JASJ?RGMLQ 8C ?LRGAGN?RC DMP CV?KNJ
DPCOSCLAW A?JASJ?RGMLQ UGRF ?AAGLR UGRF RFGQ MNRGML P?RFCP RF?L

5FC PC?QML DMP RFC QKMMRFGLE GQ ?Q DMJIMUQ "%' ECLCP?RCQ GLRCEP?RG
GLRM 7TMPMLMW ACJJQ ?LB ? QNFCPGA?J PCEGML ?PMSLB C?AF ?RMK 6LDMPRS
ACJJQ GQ LMR ?2JU?WQ QR?@JC 5FC PCQSJR GQ RF?R GL TGPRS?JJW CTCPW QR
GLRCEP?RGML NMGLRQ AF?LECQ 5FGQ A?L A?SQC LMGQC GL RFC EP?BGCLR C
LMR @C CVACQQGTCJIJW J?PEC GRQ K?ELGRSBC ?LB QGEL T?PGCQ P?LBMKJW UG
A?SQC RFC FCQQG?L QCAMLB BCPGT?RGTC K?RPGYVY RM @C MD NMMP OS?JGRW
RM K?IC RFC CPPMP GL RFC EP?BGCLR T?PW QWQRCK?RGA?JIW



5FC U?W RFC QKMMRFGLE UMPIQ GQ RM DPCCXC RFC 7TMPMLMW ACJJQ GL NJ?AC
NMQQG@JC 5FC ?RMKQ ?PC ?2JJMUCB RM KMTC UGRF RFCGP QNFCPGA?J PCEGWM
?RMKQ F?TC @CCL NCPRSP@CB RFC ACJJQ ?PC LM JMLECP 7TMPMLMW ACJJQ MD
LMRFGLE GL RFC GLRCEP?RGML QAFCKC RF?R PCOSGPCQ RFGQ

#W DGVGLE RFC ACJJQ UC ?PC ?@JC RM PCECLCP?RC RFC Q?KC GLRCEP?RGML
NMGLRQ ?PC QFGDRCB ?LB RFC UCGEFRQ ?BHSQRCB ?AAMPBGLE RM RFC ?RMK
AJMQC RM RFC QGBC MD ? ACJJ RFC DPCCXGLE GQ PCJ?VCB ?LB RFC 7TMPMLMW
DPCCXC RFC ACJJQ GQ RFCL K?BC ?R RFC LCVR QRCN 5FC QKMMRFGLE A?L @C
N?P?KCRCP GL RFC */5&(3"5*0/ @JMAI ICW GQ GLAPC?QCB DMP CV?KNJC RM BG

5FGQ QKMMRFGLE RCAFLGOSC F?Q @CCL RCQRCB ?LB DMSLB RM AMLQGBCP?@J
DPCOSCLAW A?JASJ?RGML PCQSJRQ BSC RM PCBSARGML MD RFC LSKCPGA?J LM
ML DMP DPCOSCLAW A?JASJ?RGMLQ *R GQ MDD GL ?JJ MRFCP A?QCQ @W BCD?E¢
CE ECMKCRPW MNRGKGX?RGML 54 QC?PAF JGLC?P RP?LQGR CRA @W SQGLE
QCTCP?J U?WQ S5FC DGPQR MNRGML GQ JCQQ BP?K?RGA

GEOMETRY
smooth freezecells
end

5FGQ MNRGML ?RRCKNRQ RM DPCCXC RFC 7TMPMLMW ACJJQ @CRUCCL ECMKCRP\
DPMK RFC NPCTGMSQ QRCN 5FC NMGLRQ ?PC GLQRC?B PCA?JASJ?RCB SQGLE |
RMNMIJMEW MD RFC ACJJQ BMCQ LMR AF?LEC GR GQ RFMSEFR RFGQ K?W FCJN (
RCQRCB GLRCEP?RGML EPGB

5FC QCAMLB MNRGML GQ KMPC QCTCPC @SR ?JQM KMPC CDDCARGTC

GEOMETRY
smooth conservepoints
end

5FGQ MNRGML LMR MLJW DPCCXCQ RFC ACJJQ @CRUCCL QRCNQ @SR ?2JQM PCS
QRCN *R GQ PCAMKKCLBCB DMP DPCOSCLAW PSLQ ?Q GR QFMSJB PCQSJR GL @
BGQ?BT?LR?EC MD RFGQ KCRFMB GQ RF?R RFCPC GQ LM ES?P?LRCC RF?R RFC C
N?QQCB @W RFC NCPRSP@CB EPGB

5FC RFGPB MNRGML GQ RFC KMQR ?EEPCQQGTC @SR A?L @C ?2JQM KMQR CDDC,

GEOMETRY
smooth aggressive
end

5FGQ MNRGML LMR MLJW DPCCXCQ RFC ACJJQ @CRUCCL QRCNQ PCSQCQ RFC G
?JOQM GELMPCQ QMKC AFCAIQ UFGAF KGEFR JC?B RM CVRP? ACJJQ #W BCD?SJF
A?JASI?RGMLQ

5FC QKMMRFGLE QFMSJB @C N?PRGASJ?PJW CDDCARGTC DMP DPCOSCLAW A?JA
RFCMPW MLC QFMSJB @C ?@JC RM PCPSL MJB DPCOSCLAW A?JASJ?RGMLQ UGRF
?AASP?RCJW PCNPMBSAC RFC DPCOSCLAGCAQ

5FC KCRFMB QFMSJB FCJN GL RFC J?QR QR?ECQ MD ECMKCRPW MNRGKGX?RGML
AMLTCPECB *L RFCMPW WMS QFMSJB LMU @C ?@JC RM SQC KSAF JMUCP EP?BC
NMQQG@JC *R QFMSJB ?2JQM @C NMQQG@JC RM AMLTCPEC MNRGKGX?RGMLQ UC
?AAGLR QFMSJB QSDDGAC P?RFCP RF?L ?AAGLR



(CMKCRPW MNRGKGX?RGMLQ GL UFGAF RFC KMJCASJC ?JKMQR PC?AFCQ AMLTCH
QK?JJ QRCNQ ?PMSLB RFC KGLGKSK QFMSJB @CLCDGR EPC?RJW DPMK RFC EP?

2.6 Spectroscopic properties

IR spectra, (resonance) Raman, VCD

*L "%' GLDP?PCB ?LB 3?K?L QNCARPMQAMNW A?L @C QRSBGCB DMP KMJCASJ?P
?LB F?PKMLGA ?NNPMVGK?RGMLQ RFC TG@P?RGML?J DPCOSCLAGCQ ?PC BCRCP
AMPPCQNMLBGLE RM RFC KMJCASJ?P CICARPMLGA EPMSLB QR?RC NMRCLRG?J C
QNCARPMQAMNW RFC KMJCASJC GQ CVAGRCB RM LC?P MLC MD GRQ CJCARPMLG
AMKN?PCB RM RP?BGRGML?J 3?K?L QNCARPMQAMNW 7G@P?RGML?J AGPASJ?P E
?@QMPNRGML MD JCDR ?LB PGEFR AGPASJ?PJW NMJ?PGXCB GLDP?PCB JGEFR @

IR spectra

5FC *3 DPCOSCLAGCQ A?L @C A?JASJ?RCB UGRF RFC '3&26&/%$*&4 QS@ICW MD RI
DPCOSCLAGCAQ

GEOMETRY
FREQUENCIES
END

MP UGRF RFC @JMAI ICW "/"-:*$"-'3&2 ?L?JWRGA?J DPCOSCLAGCQ

ANALYICALFREQ
END

5FCQC ICWQ ?PC BCQAPG@CB KMPRICOBRCAQGOPCJIW FCPC

Raman scattering

3?K?L QA?RRCPGLE GLRCLQGRGCQ ?LB BCNMJ?PGX?RGML P?RGMQ DMP ?JJ KMJ(
A?L @C A?JASJ?RCB GL ? QGLEJC PSL 5FC PSL RWNC KSQR @C 'PCOSCLAGCQ L
'3&26&/%$*&4 QS@ICW MD RFC ICW (&0.&53: LSKCPGA?J DPCOSCLAGCQ MP UGRF
/M- *$"-'3&2 ?2L?IWRGA?J DPCGSECAMGCQA GTAX

5FC 3&410/4& ICW GQ SQCB RM QNCAGDW RF?R 3?K?L GLRCLQGRGCQ ?PC AMKNS

RESPONSE
RAMAN
END

*L RFGQ CV?KNJC RFC QR?RGA 3?K?L QA?RRCPGLE GQ A?JASJ?RCB - 5FGQ
*3 GLRCLQGRW A?JASJ?RGML *L D?AR ?JJ *3 MSRNSR GQ ?SRMK?RGA?JJW ECLC
RFC BGNMJC NMJ?PGX?@GJGRW RCLQMP GQ A?JASJ?RCB 5FGQ GQ TCPW RGKC
KMJCASJCQ

5FCPC ?PC ? DCU A?TC?RQ
/ISKCPGA?J GLRCEP?RGML ?AASP?AW KSQR @C FGEF
" A?JASJ?RGML GL UFGAF MLJW ? QS@QCR MD RFC ?RMKQ GQ BGQNJ?ACB GQ L


http://www.scm.com/Doc/Doc2008.01/ADF/ADFUsersGuide/metatagIR.html
http://www.scm.com/Doc/Doc2008.01/ADF/ADFUsersGuide/metatagIR.html

'MP EMMB PCQSJRQ ? UCJJ AMLTCPECB UGRF RFC Q?KC @?QGQ ?LB DSLARGM
sQcCB

#CA?SQC MD RFGQ J?QR NMGLR GR GQ UGQC RM ?2JU?WQ QR?PR RFC 3"."/ A?JA
NPCTGMSQ ECMKCRPW MNRGKGX?RGML UGRF RFC Q?KC @?QGQ ?AASP?AW N?P"

"RMKGA AMMPBGL?RC BGQNJ?ACKCLRQ GL ? 3"."/ A2JASJ?RGML KSQR @C $?PRC!
ASPPCLR GKNJCKCLR?RGML BMCQ LMR WCR QSNNMPR AMRPRRRBALCB BGQNJ?ACH
AMMPBGL?RC BGQNJ?ACKCLRQ )MUCTCP MLC A?L A?JASJ?RC 3?K?L DMP QCJCA

Raman Intensities for Selected Frequencies

5F @amanRange ICWUMPB A?L @C SQCB RM A?JASJ?RC 3?K?L GLRCLQGRGCQ DMP ? P
3CAMKKCLBCB RM @C SQCB GL RFC A?QC MLC SQC ? R ?Q ? PCQR?PR DGJC UF
RFGQ MNRGML GQ ? D?QR ?JRCPL?RGTC DMP RFC CVGQRGLE KCRFMB MD A?JAS]
?2Q DMJIMUQ

| RAMANRANGE low high
low, high

5UM T?JSCQ BCDGLGLE ?L GLRCPT?J MD DPCOSCLAGCQ RM A?JASJ?RC RFC 37
GLRCLQGRGCQ ?PC A?JASJ?RCB @W LSKCPGA?J BGDDCPCLRG?RGML MD RFC N
RFC GLRCPT?J RF?R ?PC ILMUL RM @C 3?K?L ?ARGNQGICEHICANMGLRISB%B5 5FC
A?JASJ?RGMLQ UGJJ) @K O RFIEPKSKBD OF QFAC 3?K?L 2?ARGTC DPCOSCLAGCQ UG
*K?EGL?PW DPCOSCLAGCQ ?PC QNCAGDGCB SQGLE LCE?RGTC T?JSCQ UFGAF
UGRFGL "%’

.?GL ?BT?LR?ECQ MD RFC KCRFMB

g 'SJJ QWKKCRPW ?R C?AF BGQNJ?ACB ECMKCRPW GQ SQCB UFGAF BMCQ L
@SR
2JQM K?ICQ GR KMPC ?AASP?RC

g OLJW 3?K?L ?ARGTC KMBCQ ?PC GLAJSBCB GL RFC A?JASJ?RGML UFGAF K
KMJCASJCQ
UGRF QWKKCRPW

g 5FCPC GQ LM LCCB RM PCA?JASJ?RC DPCOSCLAGCQ GD WMS ?JPC?BW F?T
SQCB
?2Q ? PCQR?PR DGJC

Resonance Raman

"AAMPBGLE RM ? RFC RGKC BCNCLBCLR NGARSPC MD PCQML?LAC 3?K?L QA?RRC
QA?RRCPGLE APMQQ QCARGMLQ ?PC SLBCP ACPR?GL ?QQSKNRGMLQ NPMNMPR
CLCPEW EP?BGCLRQ NPMHCARCB MLRM RFC EPMSLB QR?R€ LMPK?J KMBCQ MD R

4SAF CVAGRCB QR?RC EP?BGCLRQ A?L @C AMKNSRCB LSKCPGA?2JIJW @W "%' Q 7
QCJCARGLE RFC 7*#30/ PSLRWNC GL RFC (&0.&53: @JMAI ICW RFC SQC MD RFC
&9%*5"5*0/ @JIMAI ICW

GEOMETRY
VIBRON
END



VIBRON
NMTAPE filename
RESRAMAN

{..
-}
END
EXCITATIONS
LOWEST nlowest
END

B5FC 7*#30/ KMBSJC ?2JU?WQ PCOSGPCQ ?L &9%$*5"5*0/4 GLNSR @JMAIl GL UFGAF |
QR?RCQ RM @C A?JASJ?RCB KSQR @C QNCAGDGCB /.5"1& GQ RFC MLJW M@JGE"
*R QNCAGDGCQ RFC L?KC MD ? 5"1& DGJC DPMK ? NPCTGMSQ DPCOSCLAW A?JA
PC?B RFC LMPK?J KMBCQ U P R UFGAF RFC BCPGT?RGTCQ ?PC AMKNSRCB * C
KSQR @C A?PPGCB MSR DGPQR 5FC QCAMLB QS@ICWUMPB 3&43"."/ GLTMICQ RF
IMRC RF?R RFC 7*#30/ KMBSJC GQ LMR QSGRCB DMP MNCL QFCJJ 5%%"'5

Resonance Raman for several excited states

5FC LSKCPGA?J CT?JS?RGML MD PCQML?LAC 3?K?L GLRCLQGRGCQ F?Q RFC ?BT~

g 3CJ?RGTC *LRCLQGRGCQ A?L @C AMKNSRCB DMP QCTCP?J CVAGRCB QR?R
QGLAC ?JJ CVAGR?RGML CLCPEGCQ ?PC BCRCPKGLCB QGKSJR?LCMSQJW
g *LRCLQGRGCQ A?L @C AMKNSRCB bDMP ? QCJCARCB LM MD KMBCQ

5FC GLRCLQGRGCQ A?JASJ?RCB DMP RUM BGDDCPCLR QR?RCQ A?LLMR BGPCAR:
EP?BGCLRQ MLJW NPMTGBC PCJ?RGTC GLRCLQGRGCQ DMP C?AF CVAGRCB QR?R
BGDDCPCLR CVAGRCB QR?RCQ ?2JQM MRFCP OS?LRGRGCQ NJ?W ? PMJC 5FC KM
KMKCLR RM RFC CVAGRCB QR?RC GL PCQML?LAC UFGAF CLRCPQ RFC GLRCLQGTF

Restrictions: (avoided) crossings between excited-states

5FC LSKCPGA?J A?JASJ?RGML MD CVAGRCB QR?RC EP?BGCLRQ F?Q ? LSK@CP M
NPM@JCK *D RFC QRCN QGXC GQ AFMQCL RMM J?PEC MP GD RFCPC ?PC AJMQC
CVAGRCB QR?RCQ A?L AF?LEC 'MP QSAF A?QCQ RFC CVAGRCB QR?RC EP?BGCL
GLRCLQGRGCQ GQ LMR PCJG?@JC *D QR?RCQ UGRF BGDDCPCLR CJCARPMLGA A
CLCPEW RFGQ UGJJ A?SQC ?L ?TMGBCB APMQQGLE *D RFC LSKCPGA?J BCPGT?
?BG?@?RGA QR?RCQ RFCW UGJJ NPM@?@JW LMR PCDJCAR RFC RPSC QGRS?RG
@CRUCCL RFC RUM CVAGRCB QR?RCQ GQ QK?JJ RFC QNCARPMQAMNGA NPMNCP
APMQQGLE G C ?AAMPBGLE RM RFC BG?@?RGA QR?RCQ 4SAF A?QCQ QFMSJB
MDRCL LMR NMQQG@JC GL ?BT?LAC RM QCC UFCRFCP RFC ?BG?@?RGA MP RFC E

#CA?SQC MD RFC NMQQG@JC ?TMGBCB APMQQGLEQ RFC SQCP KSQR K?IC QSPC
A?JASJ?RCB RM GLAJSBC RFC QR?RC Q MD GLRCPCQR & E GD RFC PCQML?LAC
CVAGRCB QR?RC ?JQM QMKC FGEFCP CVAGRCB QR?RCQ F?TC RM @C GLAJSBCB
CVAGRCB QR?RC ?R RFC EPMSLB QR?RC COSGJG@PGSK KGEFR @C FGEFCP GL C



Restrictions: results not trustworthy for higher excited states

6QCPQ QFMSJB @C ?2U?PC MD ?LMRFCP RCAFLGA?J NMGLR &VAGRCB QR?RCQ ?P
BG?EML?JGX?RGML NPMACBSPC G C MLJW ? QK?JJ LSK@CP MD CGECLT?JSCQ
CVAGR?RGMLQ ?PC M@R?GLCB %SPGLE DGLGRC BGQNJ?ACKCLRQ QMKC MD RF(
A?JASJ?RCB CLCPEW UGLBMU UFGJC MRFCPQ CLRCP GR )CLAC RFC AF?P?ARCI
A?L AF?LEC *L QSAF ? A?QC RFC LSKCPGA?J BGDDCPCLRG?RGML @?QCB ML ?
FGEFCP QR?RCQ QGLAC LM K?NNGLE @CRUCCL RFC CVAGRCB QR?RCQ DMP PCD
QRPSARSPC A?L @C A?PPGCB MSR

5FC QMJSRGML GQ P?RFCP QGKNJC 6QCPQ QFMSJB ?2JU?WQ ?QI DMP KMPC CVAC
GLRCPCQRCB GL ?LB BGQA?PB RFC B?R? DMP FGEFCP QR?RCQ GL N?PRGASJ?P
K?NNCB DMP BGQNJ?ACB QRPSARSPCQ JMMI DMP KCQQ?ECQ GL RFC MSRNSR JC
RCPKQ MD PCDCPCLAC QR?RCQ

'MP ?BT?LACB SQCPQ GR QFMSJB @C KCLRGMLCB RF?R GR GQ NMQQG@JC RM Q¢
QR?RCQ A?JASJ?RCB ?LB MLJW RFC QR?RCQ UGRFGL RFGQ CLCPEW UGLBMU UG
4CC RFC QS@ICW &-5)3&4) ?LB &65)3&4) MD RFC @JMAI ICW 7*#30/

'SPRFCPKMPC GR GQ NMQQG@JC RM NGAI MSR ACPR?GL QR?RCQ DPMK RFGQ ClI
?LB BG?@?RGX?RGML GD PCOSCQRCB ?LB BGDDCPCLRG?RGML DMP RFCK 4CC
7*#30/

Advanced Restarts

*L QMKC A?QCQ GR MLJW @CAMKCQ M@TGMSQ UFGAF QR?RCQ F?TC RM @C GLA
CVAGR?RGML CLCPEGCQ DMP ?JJ BGQNJ?ACB QRPSARSPCQ ?PC A?JASJ?RCB 5F
UGLBMU QCRRGLEQ A?L ?JQM @C ?BHSQRCB GL ? PCQR?PR UGRF RFC SQS?J PC
?PC BMLC )MUCTCP RFGQ GQ MLJW NMQQG@JC GD ?2JJ P?U B?R? ?PC Q?TCB RM
?KMSLR MD B?R?

5FCPCDMPC RFC SQCP F?Q RM QNCAGDW RFC QS@ICWUMPB 4"7&3"8%"5 MD RFC
?LB RFC QS@ICWUMPB 64&3"8%"5 MD RFC ICW 7*#30/ GL RFC CT?JS?RGML PCQF
GLTMIC ?LW LCU 4$' 2LB UGJJ RFCPCDMPC RWNGA?JJW MLJW R?IC ? AMSNJC M
4"78&3"8%"5 GQ LMR QNCAGDGCB PCQR?PRQ ?PC QRGJJ NMQQG@JC @SR RFC ClI
BGDDCPCLRJW ?LB LM LCU QR?RC QCJCARGML A?L @C NCPDMPKCB

Resonance Raman Input options

'"LSK@CP MD MNRGMLQ ?PC ?T?GJ?@JC DMP RFC 7*#30/ KMBSJC KMQR MD UFG?#
MNRGMLQ KCLRGMLCB @CJMU F?TC RM ?NNC?P GL RFC 7*#30/ @JMAI| 5FC 7*#30/
&9%$*5"5*0/ GLNSR @JMAI GL UFGAF RFC RMR?J LSK@CP MD CVAGRCB QR?RCQ R

VIBRON
NMTAPE filename
RESRAMAN
{DISPTYPE disptype}
{STPSIZE stpsize}
{ONLYSYM}
{NOTONLYSYM}




{DOMODES list}
{DONTMODES list}
{DSCHEME dscheme}
{EUTHRES euthres}
{ELTHRES elthres}
{SELSTATE list}
{SAVERAWDAT}
{USERAWDAT}

END

5FC KMQR GKNMPR?LR MLCQ GL AMLLCARGML UGRF 33 A?JASJ?RGMLQ ?PC

NMTAPE filename

/.5"1& GQ RFC MLIJW M@JGE?RMPW ICWUMPB DMP RFC 7*#30/ KMBSJC *R QNC/
DPMK ? NPCTGMSQ DPCOSCLAW A?JASJ?RGML 5FGQ 5"1& DGJC GQ LCCBCB F
RFC BCPGT?RGTCQ ?PC AMKNSRCB *C ? QCN?P?RC DPCOSCLAW A?JASJ?RG|

RESRAMAN

5FC QCAMLB QS@ICWUMPB 3&43"."/ GLTMICQ RFC PCQML?LAC 3?K?L A?JASJ?R

DISPTYPE disptype

4CJCAR RWNC MD BGQNJ?ACKCLR QRCNQ NMQQG@JC T?JSCQ ?PC

MASSWE QRCNQ GL RCPKQ MD K?QQ UCGEFRCB LMPK?J KMBC TCARMPQ <BCD?S
CARTES QRCNQ GL RCPKQ MD A?PRCQG?L LMPK?J KMBC TCARMPQ

REDUCE QRCNQ GL RCPKQ MD PCBSACB LMPK?J KMBCQ

ENERGY QRCNQ GL RCPKQ MD CVNCARCB CLCPEW AF?LEC ?AAMPBGLE RM F?PK
ZPELEV JGIC CLCPEW @SR CLCPEW GQ CVNPCQQCB GL ;1& SLGRQ

STPSIZE stpsize

4CRQ RFC QRCN QGXC DMP RFC LSKCPGA?J BGDDCPCLRG?RGML GL RFC BCD?¢

ONLYSYM

$?JASJ?RC BCPGT?RGTCQ MLJW DMP RMR?JIJW QWKKCRPGA KMBCQ RFGQ GQ
DMP 'P?LAI $MLBML RWNC 3?K?L QA?RRCPGLE UFGAF GQ XCPM DMP LML QWKI
NCP BCD?SJR GL 33 A?JASJ?RGMLQ GR A?L @C QUGRAFCB MDD UGRF RFC ICV

DOMODES list

$?JASJ?RC BCPGT?RGTCQ MLJW DMP RFC LMPK?J KMBCQ UGRF LSK@CPQ KCLF
DONTMODES list

$?JASJ?RC BCPGT?RGTCQ DMP ?2JJ LMPK?J KMBCQ CVACNR RFC MLCQ UGRF L¢S
DSCHEME dscheme

5FC RWNC MD BGDDCPCLRG?RGML RM @C SQCB A?L @C QCR 5FPCC BGDDCPC

ELCHAR



" QGKNJC BG?@?RGA NGARSPC GL UFGAF ?BG?@?RGA QR?RCQ ?PC K?NNCB
PCDCPCLACQ QRPSARSPC @?QCB ML ? K?VGKSK RP?LQGRGML BCLQGRW MT

EIGVEC

"BG?@?RGA NGARSPC GL UFGAF ? BG?@?RGX?RGML* ®€Q RRPC ROG.CP MEBERQ?Q C
SQCB FCPC ?PC RFC BG?EML?J CIJCKCLRQ MD RFC NMRCLRG?J CLCPEW K?RI
&OS?RGML

ADIABS

5FC ?BG?@?RGA NGARSPC A?L MLJW @C SQCB GD RFC QWKKCRPW MD RFC
QCN?P?RC A?JASJ?RGML QGLAC RFC 7*#30/ KMBSJC A?LLMR AFCAIlI UFGAF C

LM QWKKCRPW GQ SQCB GL RFC CVAGR?RGML A?JASJ?RGIMLE $MLQSJIR RFC(
GLDMPK?RGML

ELTHRESH elthresh
EUTHRESH euthresh

'MP ?BT?LACB SQCPQ GR GQ NMQQRG@JC RM QCR ?L CLCPEW UGLBMU UGRFGL
RFC QR?RCQ UGRFGL RFGQ CLCPEW UGLBMU UGJJ @C R?ICL GLRM ?AAMSLR G
elthresh JMUCP @MSLB GL C7 BCD?SJR C7

euthresh SNNCP @MSLB GL C7 BCD?SJR & C7

SELSTATE list

'MP ?BT?LACB SQCPQ GR GQ DSPRFCPKMPC NMQQG@JC RM NGAI MSR ACPR?G|
NCPDMPK RFC K?NNGLE ?LB BG?@?RGX?RGML GD PCOSCQRCB ?LB BGDDCPC
LSK@CP GL ?QACLBGLE CVAGR?RGML CLCPEW MD RFC CVAGRCB QR?RC ?R R

SAVERAWDAT

"JJ P?U B?R? ?PC Q?TCB RM 5"1& UFGAF KGEFR @C ?L CLMPKMSQ ?KMSLR M
?LB RFC CLCPEW UGLBMU QCRRGLEQ A?L RFCL @C ?BHSQRCB GL ? PCQR?PR
GLAJSQGML MD RFC QS@ICW 64&3"8%"5" ?DRCP ?JJ QGLEJC NMGLR A?JASJ?RC

USERAWDAT

"JJ P?U B?R? ?PC PC?B DPMK ? NPCTGMSQ A?JASJ?RGML 5FC QCJCARCB QR?I
A?L LMU @C ?BHSQRCB :MS LCCB RM GLTMIC RFC SQS?J PCQR?PR ICW 4SAF
4%$' ?LB UGJJ RFCPCDMPC RWNGA?JJW MLJW R?IC ? AMSNJC MD QCAMLBQ MP
QNCAGDGCB GL RFC NPCTGSMSQ A?JASJ?RGML PCQR?PRQ ?PC QRGJJ NMQQG
?BHSQRCB BGDDCPCLRJW ?LB LM LCU QR?RC QCJCARGML A?L @C NCPDMPKCI

Vibrational Circular Dichroism (VCD) spectra.

4R?PRGLE DPMK "%' GR F?7Q @CAMKC NMQQG@JC RM A?JASJ?RC 7%% QNCAF
A?JASIJ?RGML MD PMR?RGML?J QRPCLERF BSPGLE ?L ?L?JWRGA?J DPCOSCLAGC(

| veb

*R GQ GKNMPR?LR RM LMRC RF?R RFC 7$%$% AGaWtdaWRB MLIMBYNMEYQ GL AMK@GL?R
NOSYM



AnalyticalFreq
End

SYMMETRY NOSYM

5FC 7$% GLRCLQGRGCQ ?PC A?JASJ?RCB SQGLE 4RCNFCLQ COS?RGMLQ DMP 7%
?VvG?J RCLOQMPQ ""5Q ?L?IJWRGA?J BCPGT?RGTCQ RCAFLGOSCQ ?LB -MLBML ?R
CKNJMWCB "Q ? PCQSJR RFC A?JASJ?RCB PMR?RGML?J QRPCLERFQ ?PC MPGEG
MPGEGL E?SEC ©€Q SQCB <

$?JASJ?RGML MD RFC ""5Q PCOSGPCQ ?L ?L?JWRGA?J DPCOSCLAGCQ A?JASJ?RC
RF?R A?L @C SQCB DMP 7$%$% ANALXBOALRRERQILCQN UEBRBRP ? AMKNJCRC JGQR MD RF
?T?GJ?@JC DSLARGML?JQ 5FC 7%$% A?JASJ?RGMLQ A?L @C BMLC GKKCBG?RCJW
?L?IJWRGA?J DPCOSCLAGCQ A?JASJ?RGMLQ

5FC ?AASP?AW MD RFC TG@P?RGML?J PMR?RGML?J QRPCLERFQ ?PC BCRCPKGLC
DGCJB ?RMKGA NMJ?P RCLQMPQ "15Q ?LB ""5Q 5FC KMQR APGRGA?J N?P?KCR
5FSQ DMP ? D?GP AMKN?PGQML UGRF CVNCPGKCLR?J B?R? ?AASP?RC ECMKCRI
DMPAC DGCJBQ C E #1 0-:1 CRA QFMSJB @C SQCB OSP RCQRQ QFMUCB RF?
AMK@GL?RGML UGRF 5;1 @?QGQ QCRQ GQ ?2JU?WQ ? Q?DC AFMGAC 'MP ? AMKN~?
T?PGMSQ DSLARGML?JQ C E #1 0-:1 #-:1 # ¥8 SCEBPBGIE REC ECMKCRPGCQ

PCAMKKCLB RFC DMJIMUGLBE QR RGELERECURREGPEMQAMLTCPECLAC MD RFC EP?BGCL
?AASP?AW 5FC BCD?SJR QCRRGLEQ QFMSJB @C SQCB DMP RFC A?JASJ?RGML

5FC ASPPCLR 7$% GKNJCKCLR?RGML BMCQ LMS&nmstyNEOIFYRI QAMEBTIRBEVC ?LB RFCPC
QNCAGDGCB GL RFC GLNSR DGJC 5FC DPMXCL AMPC ?NNPMVGK?RGML ?LB MNCL

#W BCD?SJR MLJW RFC TG@P?RGML?J PMR?RGML?J QRPCLERFQ ?PC NPGLRCB C
NPGLRCB @W QNCAGDWGLE RFC ICWUMPB

| PRINT VCD

Time-dependent DFT

&VAGR?RGML CLCPEGCQ DPCOSCLAW BCNCLBCLR FWNCP NMJ?PGX?7@GJGRGCC
FGEFCP KSJRGNMJC NMJ?PGX?@GJGRGCQ 3?K?L QA?RRCPGLE GLRCLQGRGCQ ?
KMJCASJCQ ?PC ?JJ ?T?GI 7@ICNGIUGCGH?RGMLQ MD RGKC BCNCEBIOMR M'5 5% %'5
PCTGCU

/ICU GL "% GQ RFC A?JASJ?RGML MD AGPASJ?P BGAFPMGQK $% QNCARP?
PMR?RGML BGQNCPQGML

4R?PRGLE DPMK RFC "%’ TCPQGML GR GQ NMQQG@JC RM A?JASJ?RC CVAGR
UGRF 5%%'5 GLAJSBGLE QNGL DJGN CVAGR?RGML CLCPEGCQ /CU GL "%’ G
BCNCLBCLR ASPPCLR BCLQGRW DSLARGML?J RFCMPW 5%$%'5

/CU GL "%' GQ RFC NMQQG@GJGRW RM A?JASJ?RC CVAGR?RGML CLCPEGCQ
QNGL MP@GR AMSNJGLE

/CU GL "%' GQ RFC NMQQG@GJGRW RM A?JASJ?RC JGDCRGKC CDDCARQ GL
"03&410/4& ICW



5FC GLNSR BCQAPGNRGML DMP RFCQC NPMNCPRGCQ GQ QNJGR GL RFPCC N?PR!
CVAGR?RGML CLCPEGCQ ?LB A DPCOSCLAW BCNCLBCLR FWNCP NMJ?PGX?@G
3&410/4& ICW ?LB "03&410/4& ICW ?LB PCJ?RCB NPMNCPRGCQ

General remarks on the Response and Excitation functionality

Symmetry

"Q GL A?JASIJI?RGMLQ UGRFMSR 5%%'5 RFC QWKKCRPW GQ ?SRMK?RGA?JIJW BC(
AMMPBGL?RCQ ?LB LCCB LMR @C QNCAGDGCB CVACNR GL RFC DMJIJMUGLE A"~
F?LBJCB GL RFC ASPPCLR PCJC?QC "50. $JGL % JGL '"MP QSAF QWKKCRP!
QWKKCRPW KSQR @C QNCAGDGCB GL RFC GLNSR 5FC SQS?J MPGCLR?RGML P
*D FGEFCP KSJRGNMJC NMJ?PGX?@GJGRGCQ ?PC PCOSGPCB GR K?W ?2JQM @
NPMEP?K UGJJ QRMN UGRF ?L CPPMP KCQQ?EC MRFCPUGQC 'MP TCPGDGA?R
RM ? /04:. A?JASJ?RGML

Closed-shell

5FC ASPPCLR GKNJCKCLR?RGML MDRCL QSNNMPRQ MLJW AJMQCB QFCJJ KMJC
RF?L MP ?PC SQCB RFC NPMEP?K UGJJ BCRCAR RFGQ @SR MLJW ?R ? J?R
"JJ 3&410/4& A?JASI?RGMLQ KSQR @C QNGL PCQRPGARCB

Open-shell

&VAGR?RGML CLCPEGCQ A?L @C M@R?GLCB DMP MNCL QFCJJ QWQRCKQ GL ?
ANGL DJGN CVAGR?RGML CLCPEGCQ A?L MLJW @C M@R?GLCB GL ? QNGL SLPC

Atomic coordinates in a RAMAN calculation

"RMKGA AMMPBGL?RC BGQNJ?ACKCLRQ GL ? 3"."/ A?JASJ?RGML KSQR @C $?PF
RFC ASPPCLR GKNJCKCLR?RGML BMCQ LMR WCR QSNNMPRIIZRIMKRBRA?GLCB BGQ
AMMPBGL?RC BGQNJ?ACKCLRQ

Use of diffuse functions

5FC NPMNCPRGCQ BCQAPG@CB FCPC K?W PCOSGPC BGDDSQC DSLARGMLQ RM
PCQSJRQ UGJJ @C M@R?GLCB GD RFC SQCP GQ SL?U?PC MD RFGQ "Q ? ECLC
GKNMPR?LR DMP QK?JJCP RF?L DMP J?PECP KMJCASJCQ KMPC GKNMPR?LR DI
NMJ?PGX?@GJGRGCQ KMPC GKNMPR?LR DMP FGEF JWGLE CVAGR?RGML CLCP
CVAGR?RGMLQ KMPC GKNMPR?LR DMP FGEFCP KSJRGNMJC NMJ?PGX?@GJGRC
QFMSJB ILMU UFCL BGDDSQC DSLARGMLQ ?PC PCOSGPCB ?LB UFCL RFCW ?PC
?2LWRFGLE GL RFGQ PCQNCAR 'MP CV?KNJC GL ? QRSBW ML JMU JWGLE CVAG
BGDDSQC DSLARGMLQ UGJJ SQS?JJW F?TC JGRRJC CDDCAR UFCPC?Q ? FWNC
KMJCASJC GQ NMGLRJCQQ SLJCQQ BGDDSQC DSLARGMLQ ?PC GLAJSBCB %GD
GLAJSBCB GL RFC &5 BGPCARMPW MD RFC B?R?@?QC DMP RFC CJCKCLRQ )
DMSLB GL RFC 4NCAG?J 7BGDD BGPCARMPW GL RFC B?R?@?QC 'MP MRFCP ?R
@?QGQ ?LB DGR DSLARGMLQ RM RFC CVGQRGLE B?R? @?QC QCRQ *R GQ LMR
BMLC DMP RFC @?QGQ QCRQ GL 4NCAG?J 7BGDD 'MP CV?KNJC DMP FC?TGCP
DPMK RFC ;03" 2; 1 @?QGQ QCRQ *R K?W @C CVNCARCB RF?R CTCL KMPC CVF
?2T?GJ?@JC GL RFC DSRSPC UFCL SQ?EC ?LB CVNCPGCLAC GLAPC?QC

Linear dependency in basis



*D J?PEC BGDDSQC @?QGQ QCRQ ?PC SQCB MP GD BGDDSQC DSLARGMLQ ?PC
A?JASI?RGML K?W QSDDCP DPMK LSKCPGA?J NPM@JCKQ @CA?SQC MD LC?P
5FC SQCP QFMSJB @C ?2U?PC MD RFGQ B?LECP ?LB SQC RFC %&1&/%&/$: ICW F

The LINEARSCALING input keyword

'‘MP PC?QMLQ MD LSKCPGA?J PM@SQRLCQQ ?LB Q?DCRW P?RFCP QRPGAR BCD
@?QGQ ?LB DGR DSLARGMLQ QCC RFC ICW -*/&"34%"-*/( GL ? 3CQNMLQC MP &
PCQSJR GL JMLECP $16 RGKCQ RF?L LCCBCB DMP LML 5%%'5 PSLQ GL N?PRG/
RFGQ NPCA?SRGML GQ LMR LCACQQ?PW @SR UC F?TC LMR WCR RCQRCB RFG
BCD?SJRQ

Relativistic effects

5FC 3CQNMLQC ?LB &VAGR?RGMLQ MNRGMLQ A?L @C AMK@GLCB UGRF QA?J?F
5FC MLC CJCARPML PCJ?RGTGQRGA MP@GR?JQ ?LB MP@GR?J CLCPEGCQ ?PC
A?JASJ?RGML 4NGL MP@GR CDDCARQ F?TC @CCL GLAMPNMP?RCB MLJW GL R
*L A2QC MD ? ;03" A?JASJ?RGML RFC QM A?JJCB QA?JCB MP@GR?J CLCPEGC

Choice of XC potential

'‘'MP NPMNCPRGCQ RF?R BCNCLB QRPMLEJW ML RFC MSRCP PCEGML MD RFC KN\
FWNCP NMJ?PGX?@GJGRGCQ GR K?W @C GKNMPR?LR RM SQC ? 9% NMRCLR
?NNPM?AFGLE P ?Q PRCLBQ RM GLDGLGRW 'GL?JJW QCTCP?J ?QWKNRMR
GKNJCKCLRCB GL "%' JGIC REC?LB R¥WECRTRREBFQRGA?J ?TCP?EC MD MP@GR?J
< = 4"01 GQ PCAMKKCLBCB #CA?SQC MD RFC AMPPCAR ?QWKNRMRGA @CF
RFC -# NMRCLRG?J A?L BCQAPG@C 3WB@CPE QR?RCQ AMPPCARJW 5FC NMF
(3?BGCLR PCESJ?RCB QC?KJCQQ AMLLCARGML MD KMBCJ NMRCLRG?JQ (3"$ I
< = F?TC QGKGJ?P NCPDMPK?LAC RM 4"01 @SR F?TC RFC BGQ?BT?LR?EC RF
KMJCASJC F?Q RM @C SQCB ?Q GLNSR

8GRF RFC 4"01 ?LB (3"$ DSLARGML?JQ DMP RFC NMRCLRG?J ?Q UCJJ ?Q DMP
AMKNSRCB DPMK RFC CV?AR AF?PEC BCLQGRW DMP PC?QMLQ MD QR?@GJGRW
DSLARGMLQ RFC AFC?NCP DGR BCLQGRW GQ SQCB 5FGQ GKNJGCQ RF?R AN
QGBC CDDCAR GQ RF?R QGLAC RFCPC GQ LM CLCPEW CVNPCQQGML AMPPCC
@MLBGLE CLCPEW MD QSAF A?JASJ?RGMLQ SQCQ ?LMRFCP ((" ?LB FCLAC RF
AMLQGQRCLR UGRF RFC 4% NPMACBSPC /MRC DGL?JJW RF?R RFCQC NMRCL|
DMP ECMKCRPW MNRGKGX?RGMLQ @CA?SQC RFCW K?W@C ?PC LMR QSDDGAG
RFC BGQASQQGML MD RFC 9% GLNSR ICW "NNJGA?RGMLQ UGRF 4"01 RM FWN(
CLCPEGCQ ?JQM DMP 3WB@CPE RP2LTLGBRGGRK 4 A0721L 2@ B HPOGMSICBIGPRBRCU (3"$ G|
< = "NNJGA?RGMLQ UGRF RFC MJB -# NMRCLRG?J RM=PCQNMLQC A?JASJ?R
NMI?PGX?@ G IFGHFGNTPNMI?P X ?KREEFGREBECIOE GVAGR2RGBIRGINOWEG CQ <
NMI?PGX?@GJGRGCQ ?LB BGQNCPQGML AMCDDGAGCLRQ

Accuracy check list

"Q KCLRGMLCB @CDMPC RFC 5%%'5 KMBSJC GQ PCJ?RGTCJW LCU ?LB LMR CV
?NNJGA?RGMLQ 5FCPCDMPC UC QRPMLEJW PCAMKKCLB RFC SQCP RM @SGJB
?DDCAR RFC ?AASP?AW MD 5%%'5 PCQSJRQ *L N?PRGASJ?P UC ?BTGQC RM C

7T?PWGLE GLRCEP?RGML ?AASP?AW
7?PWGLE RFC 4% AMLTCPECLAC

7?PWGLE RFC 035)0/03."-*5: ?LB 50-&3"/$& T?JSCQ GL ?L &VAGR?RGML A?JAS



7T?PWGLE RFC JGLC?PQA?JGLE N?P?KCRCPQ

6QGLE BGDDSQC DSLARGMLQ

6QGLE RFC %CNCLBCLAW ICW

"NNJWGLE RFC ;03" PCJ?RGTGQRGA AMPPCARGMLQ DMP KMJCASJCQ AMLR?G

6QGLE ?L ?QWKNRMRGA?JJW AMPPCAR 9% NMRCLRG?J QSAF ?Q 4"01

Analysis options for TDDFT (excitation energies and polarizabilities)

4CTCP?J MNRGMLQ ?PC ?T?GJ?@JC RM M@R?GL KMPC BCR?GJCB PCQSJRQ RF?L
CLCPEGCQ MQAGJJ?RMP QRPCLERFQ RP?LQGRGML BGNMJC KMKCLRQ ?LB FWHL
SLBCPQR?LBGLE MD UFGAF MAASNGCB ?LB TGPRS?J MP@GR?JQ NJ?W ?2L GKNMP|
2@QMPNRGML NC?I

GR K?W @C SQCDSJ RM ILMU RFC T?JSCQ MD RFC BGNMJC K?RPGV CIJCKCLRQ @!
TGPRS?J ,MFL 4F?K MP@GR?JQ *D RFCQC BGNMJC K?RPGV CJCKCLRQ ?PC J?PEC(
N?GP RFCL RFGQ N?GP GQ ?JKMQR ACPR?GLJW MD EPC?R GKNMPR?LAC DMP RF
GLDMPK?RGML A?L @C M@R?GLCB @W QNCAGDWGLE QMKCUFCPC GL RFC GLNSR
&9%$*5"5*0/ @IJMAI ICWQ

| DIPOLEMAT

Time-dependent Current DFT

5FC RGKC BCNCLBCLR ASPPCLR BCLQGRW DSLARGML?J 5%$%'5 GKNJCKCLR?RG
5%%'5 GKNJCKCLR?RGML 5FCPCDMPC ?JJ ECLCP?J PCK?PIQ RF?R ?PC K?BC DMF
?JQM T?JGB DMP 5%%$%'5 OLJW RFC NMJ?PGX?@GJGRW ?LB CVAGR?RGML CLCPE!
A?JASJI?RCB UGRF 5%$%'5 GL RFC NPCQCLR GKNJCKCLR?RGML

*D 5%$%'5 GQ SQCB RMECRFCP UGRF RFC "-%" DSLARGML?J /07, MNRGML GR U(
NMI?PGX?@GJIJGRW ?LB CVAGR?RGML CLCPEGCQ ?Q 5%%'5 GL ? AMKNJCRC @?QGC
7, DSLARGML?3 <QGLAC RFGQ GQ RFC MLJW ASPPCLR BCNCLBCLR DSLARGML?J R
?QNCARQ MD RFC DSLARGML?J ?PC QRGJJ SLILMUL ?LB RFC DSLARGML?J QFMSJ
SQCP GQ PCDCPPCB RM RFC PCDCPCLACQ DMP KMPC GLDMPK?RGML ML UFCL RF
UFCL LMR

‘'MP KMPC GLDMPK?RGML ML RFC GKNJCKCLR?RGML ?LB ?NNJGA?RGMLQ MD RFC
PC?B RFC PCDCPCEACMP KMPC BCR?GJQ ML RFC RFCMPW ?LB=GKNJCKCLR?RGML

5M ?ARGT?RC 5%%$%'5 ?LB RFC 7, DSLARGML?J MLC QFMSJB ?BB RFC DMJJMUGLE

CURRENTRESPONSE
END

5M A?JASJ?RC RFC NMJ?PGX?@GJGRW RFC ICWUMPB 3CQNMLQC A?L @C SQCB U

RESPONSE
ALLCOMPONENTS
Nfreq Nfreq
FrqBeg FirstFreq
FrqEnd LastFreq



[Optional Frequency/Energy Unit]
END

5FC @JMAI ICW &9%*5"5*0/ A?L @C SQCB UGRF ?JJ MD GRQ MNRGMLQ

*L BCD?SJR RFC 7, DSLARGML?J UGJJ @C ?NNJGCB WG AHM QEC DIMPNRPCKCRCPG:
RP?LQTCPQC CVAF?LEC AMPPCJ?RGML ICPLCJ DMP RFC NMJ?PGX?@GJGRW ?LB (
PCQSJRQ DMP RFC QWQRCKQ QRSBGCB QM D?P 'MP RPGNJCR CVAGR?RGML CLC(
@C SQCB <5FGQ MNRGML GQ LMR RCQRCB KSAF ?LB RFC PCQSJRQ #RC GL ECLCF
GQ RFCPCDMPC QSEECQRCB RF?R 7, GQ LMR SQCB RM A?JASJ?RC RPGNJCR CVA

*L RFC MSRNSR RFC NMJ?PGX?@GJGRW RCLQMP GL A?QC MD ?L "--$0.10/&/54 A~
RFC PCQSJRQ ?PC NPGLRCB GL RFC KMPC GLRSGRGTC MPBCP V W X GLQRC?B
SQCQ

5FC DMJIJMUGLE QS@ICWQ ?PC ?T?GJ?@JC UGRFGL RFC B?R?@JMAI MD $633&/53

CURRENTRESPONSE
QIANVIGNALE

NOVK

END

QIANVIGNALE

5FC 27 N?P?KCRCPSEXNTTRAMAC<SQCB DMP RFC RP?LQTCPQC CVAF?LEC AMPPCJ?
/$5

NOVK

5%%$%'5 UGJJ @C ?NNJGCB UGRF RFC "-%" DSLARGML?J GLQRC?B MD RFC 7, DS
UGJJ EGTC RFC Q?KC PCQSJRQ ?Q ? 5%%'5 A?JASIJ?RGML

Excitation energies: UV/Vis spectra, X-ray absorption, CD
spectra

6JRP?TGMJCR TGQG@JC 67 7GQ QNCARPMQAMNW QRSBGCQ CJCARPMLGA CVAG
QNCARPMQAMNW QRSBGCQ CJCARPMLGA CVAGR?RGMLQ MD AMPC CJCARPMLQ &
2JJ ?2T?GJ?@JC GL "%' 2Q ?NNJGA?RGMLQ MD RGKC BCNCLBCLR %'5 5%%'5 &VA
DMP AJMQCB QFCJJ ?Q UCJJ ?2Q DMP MNCL QFCJJ KMJCASJCQ *R GQ ?2JQM NMQQ
A?JASJ?RC AMPC CVAGR?RGMLQ 9 P?W ?@QMPNRGML QNCARP? $GPASJ?P BGA
JCDR ?LB PGEFR F?LBCB AGPASJ?PJW NMJ?PGXCB JGEFR

Excitation energies, UV/Vis spectra

:MS A?L NCPDMPK ? A?JASJ?RGML MD QGLEJCR QGLEJCR ?LB QGLEJCR RPGNJCR
KMJCASJC @W QSNNJWGLE GL RFC GLNSR DGJC RFC @JMAI ICW &9%*5"5*0/ 4CC
RCAFLGA?J N?P?KCRCPQ RFC A?JASJ?RGML MD CVAGR?RGML CLCPEGCQ DMP M|
AMSNJGLE ?LB RFC A?JASJ?RGML MD $% QNCARP?

EXCITATIONS
EXACT &

IRREP1 N1

IRREP2 N2



SUBEND
DAVIDSON &

IRREP3 N3

IRREP4 N4
SUBEND
ALLOWED
ONLYSING
ONLYTRIP
LOWEST nlowest

End

4CTCP?J MNRGMLQ A?L @C ?BBPCQQCB UGRF QS@ICWQ GL RFC B?R? @JMAIl 5F(
AMLQCOSCLRJW F?Q ? BGDDCPCLR RFCMPCRGA?J DMSLB?RGML RF?L RFC 4%' RC
6QCP Q (SGBC 5UM NMQQG@JC U?WQ ?PC ?T?GJ?@JC RM QMJTC RFC CGECLT?J:
CLCPEGCQ ?LB MQAGJJ?RMP QRPCLERFQ ?PC M@R?GLCB MD UFGAF RFC GRCP?
RFGQ A?QC RFC NPMEP?K LCCBQ RM ILMU FMU K?LW CVAGR?RGML CLCPEGCQ ?
PCOSGPCB ?LB UF?R RWNC MD CVAGR?RGML CLCPEGCQ ?PC PCOSGPCB QGLEJ(
F?TC @CCL BCDGLCB DMP ?JJ MD RFCQC &?AF MD RFCQC NMGLRQ GQ BGQASQQ

Exact diagonalization vs. iterative Davidson procedure

5FC KMQR QRP?GEFRDMPU?PB NPMACBSPC GQ ? BGPCAR BG?EML?JGX?RGML N
CLCPEGCQ ?LB MQAGJJ?RMP QRPCLERFQ ?PC M@R?GLCB 4GLAC RFC K?RPGV
NMQQG@JC MLJW DMP TCPW QK?JJ KMJCASJCQ *R A?L @C ?ARGT?RCB @W QN
QS@ICWQ GL RFC &VAGR?RGMLQ B?R? @JMAI 5FC BCD?SJR GQ RFC GRCP?RG
CVAGR?RGML CLCPEGCQ ?LB MQAGJJ?RMP QRPCLERFQ ?PC RFCL DMSLB UGRF
&9"$5 MNRGML GQ RF?R ?BBGRGML?J GLDMPK?RGML GQ NPMBSACB QSAF ?Q |
RFC ?TCP?EC BGNMJC NMJ?PGX?@GJGRW 5FC &9"$5 MNRGML LMR @C SQCB G

Singlet versus triplet

#W BCD?SJR RFC QGLEJCR QGLEJCR ?LB QGLEJCR RPGNJCR CVAGR?RGML CL{
F?LBJCB DGPQR RFCL RFC AMPPCQNMLBGLE RPGNJCR CVAGR?RGML CLCPEGC
RFC A?JASJ?RGML @W QNCAGDWGLE CGRFCP 0/-:4*/( MP 0/-:53*1 ?2Q ? QS@ICW

*L A2QC MD ? A?JASJ?RGML GLAJSBGLE QNGL MP@GR AMSNJGLE MLC A?L LMR
RPGNJCR CVAGR?RGMLQ 5FC QS@ICWQ 0/-:4*/( ?LB 0/-:53*1 ?PC KGQSQCB GL
PCQRPGARCB A?JASJ?RGML MP ? QNGL NMJ?PGXCB A?JASJ?RGML PCQNCARG
MD RFC QNGL NMJ?PGXCB A?JASJ?RGML

Dipole-allowed versus general excitations.

*D WMS ?PC GLRCPCQRCB GL RFC MNRGA?J ?@QMPNRGML QNCARPSK WMS K?
CVAGR?RGML CLCPEGCQ LMP QGLEJCR QGLEJCR CVAGR?RGML CLCPEGCQ UF(
QRPCLERFQ 5FGQ QS@ICW QFMSJB LMR @C SQCB GL A?QC MD QNGL MP@GR /
"%' RM RPC?R MLJW RFMQC GPPCBSAG@JC PCNPCQCLR?RGMLQ DMP UFGAF RF
AMSPQC RFC MQAGJJ?RMP QRPCLERFQ K?W QRGJJ @C LCEJGEG@JW QK?JJ 5
0/-:4*/( 5FC QGKNJCQR D?QRCQR ?LB PCAMKKCLBCB U?W RM M@R?GL GLDMF
BGNMJC ?JJMUCB CVAGR?RGML CLCPEGCQ UMSJB @C

EXCITATIONS
ALLOWED
LOWEST 10

END



Which excitation energies and how many?

5FC SQCP A?L QNCAGDW FMU K?LW CVAGR?RGML CLCPEGCQ NCP GPPCN QFMS
GQ ?T?GJ?@JC RFC NPMEP?K BCRCPKGLCQ RFCQC LSK@CPQ DPMK RFC QK?JJ
TGPRS?J ,MFL 4F?K MP@GR?J CLCPEGCQ #W BCD?SJR GR JMMIQ ?R RFC JM
LSK@CP A?L @C KMBGDGCB @W QNCAGDWGLE GLQGBC RFC &VAGR?RGML @JI

| LOWEST 30

OLC QFMSJB @C ?U?PC RF?R RFGQ NPMACBSPC BMCQ LMR ES?P?LRCC RF?R R
CLCPEGCQ UGJJ ?ARS?JJW @C DMSLB QGLAC RFC MP@GR?J CLCPEW BGDDCP
GQ P?RFCP APSBC )MUCTCP GD RFC NPMEP?K BCAGBCQ ML RFC @?QGQ MD R
CLCPEGCQ GL ? ACPR?GL GPPCBSAG@JC PCNPCQCLR?RGML RFCQC CVAGR?I
RF?R N?PRGASJ?P GPPCN

5FC SQCP F?Q KMPC AMLRPMJ UFCL RFC LSK@CP MD CVAGR?RGMLQ NCP GPPC
&9%*5"5*0/ @IJMAI ICW @W RFC %?TGBQML QS@ICW

DAVIDSON &
E"5
Tlu?2
SUBEND

5FC %"7*%40/ QS@ ICW GQ ? ECLCP?J QGKNJC MP @JMAI RWNC QS@ICW 'MP
DMJJMUCB @W RFC AMLRGLS?RGML AMBC *RQ B?R? @JMAI K?W AMLR?GL
UGRF ? PCAMPB 46#&/% *L RFC QS@ICW B?R? @JMAI ? JGQR MD GPPCNQ DMJ
CVAGR?RGML CLCPEGCQ GQ QNCAGDGCB /MRC RF?R RFC GPPCN L?KC K?W LN
'MP CV?KNJC & GQ A?JJCB &&& GL "%' 5FC &VAGR?RGML AMBC UGJJ QIGN ?L
'MP KSJIRGBGKCLQGML?J GPPCNQ MLJW RFC DGPQR AMJSKL GQ RPC?RCB @C
MSRNSR 5FGQ GKNJGCQ RF?R RFC MQAGJJ?RMP QRPCLERFQ DMP & GPPCNQ F
QRPCLERFQ DMP 5 GPPCNQ @W

5FC &9"$5 QS@ICW KCLRGMLCB ?JPC?BW ?@MTC A?L ?2JQM @C SQCB ?Q ? @
DCU GPPCNQ GLQRC?B MD ?JJ 5FC LSK@CP MD CVAGR?RGML CLCPEGCQ BMC(

Accuracy and other technical parameters

" QSKK?PW MD RCAFLGA?J N?P?KCRCPQ UGRF RFCGP BCD?SJRQ GQ

EXCITATIONS
VECTORS 40
TOLERANCE 1e-6
ORTHONORMALITY 1e-8
ITERATIONS 200

END

7&%$5034 RFC K?VGKSK LSK@CP MD RPG?J TCARMPQ GL RFC %?TGBQML ?JEMP
*D RFGQ LSK@CP GQ QK?JJ JCQQ KCKMPW UGJJ @C LCCBCB @SR RFC RPG?J
AMJIJ?NQCB KMPC MDRCL ?R RFC CVNCLQC MD $16 RGKC 5FC BCD?SJR GD SQ

50-&3"/$& QNCAGDGCQ RFC tieRiusté MRIM RER?CXBGCR?RGML CLCPEGCQ GL F?PRP
BCD?SJR GQ NPM@?@JW ?AACNR?@JC @SR UC PCAMKKCLB RF?R WMS TCPGDYV
CE C DMP ?R JC?QR ? DCU A?QCQ



035)0/03."-*5: RFC %?TGBQML ?JEMPGRFK MPRFMLMPK?JGXCQ GRQ RPG?J TC/
MPRFMLMPK?JGRW APGRCPGML GLAPC?QCQ RFC $16 RGKC QMKCUF?R @SR G
MD RFC PCQSJRQ

*5&3"5*0/4 RFC K?VGKSK LSK@CP MD ?RRCKNRQ UGRFGL UFGAF RFC %?TGBQ|
5FC BCD?SJR ?NNC?PQ RM @C ?BCOS?RC GL KMQR A?QCQ

Excitation energies for open-shell systems

&VAGR?RGML CLCPEGCQ A?L @C M@R?GLCB DMP MNCL QFCJJ QWQRCKQ GL ? QN
5FGQ A?L LMR @C SQCB GL A?QC MD QNGL MP@GR AMSNJGLE 5M NCPDMPK ?L M
LCCBQ RM BM ?L SLPCQRPGARCB 4$' A?JASJ?RGML ?LB SQC RFC &9$*5"5*0/ ICWL
CLCPEGCQ A?L MLJW @C DMSLB UGRF %?TGBQML Q NPMACBSPC

5FC NPGLRCB QWKKCRPW GL RFC MSRNSR GL 5%%'5 A?JASJ?RGMLQ GQ ?ARS?JJ
AJMQCB QFCJJ QWQRCKQ RFC QWKKCRPW MD RFC CVAGRCB QR?RC GQ RFC Q2K
BCLQGRW UFGJC DMP MNCL QFCJJ QWQRCKQ RFC QWKKCRPW MD RFC CVAGRCE
QWKKCRPW MD RFC RP?LQGRGML BCLQGRW ?LB RFC EPMSLB QR?RC QWKKCRPW
2L MNCL QFCJJ KMJCASJC GQ LMR LCACQQ?PGJW "

'"MP BCECLCP?RC PCNPCQCLR?RGMLQ QSAF ?2Q RFC BGKCLQGML?J & PCNPCQCL
PCNPCQCLR?RGMLQ RFC MAASN?RGML QFMSJB @C CGRFCP DSJJW MAASNGCB M
PCNPCQCLR?RGML RFC t ?LB | MAASN?RGML LSK@CP QFMSJB @C CGRFCP MP
AMSPQC @C BGDDCPCLR DPMK RFC | MAASN?RGML LSK@CP

"Q DMP RFC QNGL QR?RC RFC ECLCP?J PSJC GQ RF?R GD RFC CVAGRCB QR?RC
MAASNGCB MP@GR?JQ RM TGPRS?J MP@GR?JQ MP DPMK DSJJW MAASNGCB MP@
QR?RC MD RFC CVAGRCB QR?RC QFMSJB PMSEFJW @C RFC Q?KC ?Q RF?R MD RF
QR?RC K?GLJW AMKCQ DPMK RP?LQGRGMLQ DPMK DSJJW MAASNGCB MP@GR?JQ
CVAGRCB QR?RC ?PC SQS?JJW ? KGVRSPC QGLAC 5%%'5 A?L MLJW BC?J UGRF Q
?NNPMVGK?RGML DMP RFEMISCIREKCQ YC HSQR QSNNMQC RFC QNGL QR?RC MD R
QR?RCQ RM @C RFC Q?KC ?Q RF?”R MBEPMSLB RRPRLGRGMLQ N?PR DMP RFC CV
RFC MSRNSR DGJC RFC QNGL MD C?AF KMJCASJ?P MP@GR?JQ ?PC ?JQM QNCAG
CVAGRCB QR?RCQ 5FC RP?LQGRGMLQ ?PC ?2JU?WQ DPMK t QNGL MP@GR?J RM t
MP@GR?J

Spin-flip excitation energies

4ANGL DIJGN CVAGR?RGMLACLCRWEB @€ M@R?GLCB GL ? QNGL SLPCQRPGARCB 5%
A?L LMR @C SQCB GL A?QC MD QNGL MP@GR AMSNJGLE "R NPCQCLR RFC QNGL
A?JASIJ?RCB UGRF 5?KK %?LAMDD ?NRPBIYWGKEGB@WIL GY%K'CRFMB

5M A?JASJ?RC QNGL DIJGN CVAGR?RGML CLCPEGCQ MLC KSQR QNCAGDW RUM IC

| SFTDDFT
?LB
| TDA

?LWUFCPC GL RFC GLNSR B UATION @BBIGR GG LRWPRFC

*L QNGL DJGN 5%%'5 RFC 9% ICPLCJ A?L @C A?JASJ?RCB BGPCARJW DPMK RFC ¢
DMP RFC 9% ICPLCJ UFGAF PMSEFJW AMPPCQNMLBQ RM RFC "-%" GL MPBGL?PW



| FORCEALDA

?LWUFCPC GL RFC GLNSR DGJC O0LJW A?JASJ?RGMLQ SQGLE RFC -%" NMRCLRG?
((" NMRCLRG?JQ GL RFC #9RCEARADICBLERRREC Q?KC RGKC K?W GLRPMBSAC SLPC"
PCQSJRQ UFGJC SQGLE -# MP 4"01 NMRFORREARDAGIWRKTNAEGU G RSHMNRR @ FC

PCQSJRQ 6LQR?@JC PCQSJRQ F?TC @CCL PCNMPRCB DMP RFC 18 DSLARGML?.

'MP MNCL QFCJJ KMJCASJCQ QNGL DJGN RP?LQGRGML A?L PCQ®S8JR GL RP?LQGR
T?JSC UFGJC RFC QWKKCRPW MD RFC RP?LQGRGML BCLQGRW GQ " ©5FC CVAGR
XCPM ?LB RFGQ A?L @C SQCB RM RCQR RFC PCIG?@GJGRW MD QNGL DJGN 5% %'

5FC QWKKCRPW MD RFC CVAGRCB QR?RCQ A?L @C BCRCPKGLCB GL RFC Q?KC U"
A?JASJ?RGMLQ "Q DMP RFC QNGL QR?RC QGKGJ?P RM RF?R GL RFC QNGL SLPC
K?W @C KMPC MP JCQQ NSPC QNGL QR?RCQ MRFCPQ K?W HSQR @C KGVRSPCQ
RFPMSEF RFC RP?LQGRGMLQ RF?R AMLRPG@SRC RM RFGQ QR?RC /MRC RF?R R
| QNGL MP@GR?J GL QNGL DJGN A?JASJ?RGMLQ MP DPMK | QNGL MP@GR?J RM t

Core Excitation energies, X-ray absorption

5FC |K@DIFYEXCITATIONA?L @C SQCB RM PCBSAC RFC AMKNSR?RGML?J AMQRQ MD AN
?2JJMUGLE MLJW QCJCARCB MAASNGCB MP@GR?JQ ?LB MP QCJCARCB TGPRS?J M
?2JQM @C SQCB GL A?QC MD QNGL MP@GR AMSNJGLE *L RFGQ QAFCKC RFC AMKI
AMLDGESP?RGML QN?AC GQ PCBSACB RM RFC QS@QN?AC UFCPC MLJW RFC AMP
< = *L RFC ?ARS?J GKNJCKCLR?RGML RFGQ GQ BMLC @W ?PRGDGAG?JJW AF?LE
SLGLRCPCQRGLE MAASNGCB MP@GR?JQ RM ? J?PEC LCE?RGTC T?JSC BCD?SJR
RFC MP@GR?J CLCPEGCQ MD RFC SLGLRCPCQRGLE TGPRS?J MP@GR?JQ RM ? J?

MODIFYEXCITATION
UseOccRange elowocc ehighocc
UseVirtRange elowvirt ehighvirt
UseOccupied

irrep orbitalnumbers
irrep orbitalnumbers

SubEnd

UseVirtualL
irrep orbitalnumbers
irrep orbitalnumbers

SubEnd
SetOccEnergy esetocc
SetlLargeEnergy epsbig
UseScaledZORA

end

UseOccRange elowocc ehighocc

6QC MLIJW MAASNGCB MP@GR?JQ UFGAEIOwaCEC ?M Br@lwét?J CLCPEGCQ @CRUCCL
UseVirtRange elowvirt ehighvirt

6QC MLIJW TGPRS?J MP@GR?JQ UFGARIWITC MPBIighRI?TI CLCPEGCQ @CRUCCL

UseOccupied



6QC MLJW RFC MAASNGCB MP@GR?JQ DMP UFGAF ?PC QNCAGDGCB

UseVirtual

6QC MLJW RFC TGPRS?J MP@GR?JQ DMP UFGAF ?PC QNCAGDGCB

irrep

5FC L?KC MD MLC MD RFC GPPCBSAG@JC PCNPCQCLR?RGMLQ LMR ? QS@QNC
4CC RFC "NNCLBGY DMP RFC GPPCN L?KCQ ?Q RFCW ?PC SQCB GL "%'

orbitalnumbers

"QCPGCQ MD MLC MP KMPC LSK@CPQ GLAJSBC ?JJ LSK@CPQ MD RFC MP@GR
SLPCQRPGARCB A?JASJ?RGML RFC Q?KC LSK@CPQ ?PC SQCB DMP RFC QNGL t

SetOccEnergy esetocc

"JJ MAASNGCB MP@GR?JQ RF?R F?TC RM @C Sd&3dioBc U G*L) MFF2?AR G ARCF IGPWMP @ G
SQCDSJ GD MLC F?Q QCJCARCB MLC MAASNGCB MP@GR?J CLCPEW ?LB MLC U
%CD?SJR RFC MP@GR?J CLCPEGCQ MD RFC MAASNGCB MP@GR?JQ RF?R ?PC

SetlLargeEnergy epsbig

5FC MP@GR?J CLCPEGCQ MD RFC SLGLRCPCQé&pshlgE WrARINCCEC B? IMBP RFER?JQ ?PC
MP@GR?J CLCPEGCQ MD RFC SLGLRCPC@pStid-EFPBRRSCJ RB@PTRRIQ ?PC AF?LE
B F?PRPCC

UseScaledZORA

6QC CTCPWUFCPC RFC QA?JCB ;03" MP@GR?J CLCPEGCQ GLQRC?B MD RFC ;03
COS?RGMLQ 5FGQ A?L GKNPMTC BCCN AMPC CVAGR?RGML CLCPEGCQ OLJW T
SLQA?JCB ;03" MP@GR?J CLCPEGCQ

Excitation energies and Spin-Orbit coupling

4R?PRGLE DPMK RFC "%'" TCPQGML GL "%' RFC PCJ?RGTGQRGA 5%%'5 DMPK
GQ GKNJCKCLRCB DMP AJMQCB QFCJJ KMJCASJCQ UGRFBPGQIPLJICRET BOIS@A C E
RGKC BCNCLBCLR BCLQGRW DSLARGML?J RFCMPW 5%%'5 GQ @?QCB ML RFC RL
?NNPMVGK?RGML ;03" ?LB ? LMLAMJJGLC?P CVAF?LEC AMPPCJ?RGML 9% DSLA
5%%'5 DMPK?JGQK F?Q RFC AMPPCAR LMLPCJ?RGTGQRGA JGKGR ?LB ?DDMPBQ F
CVAGR?RGMLQ

*L A?QC MD ? A?JASJ?RGML GLAJSBGLE QNGL MP@GR AMSNJGLE MLC A?L LMR Q
RPGNJCR CVAGR?RGMLQ 5FC QS@ICWQ 0/-:4*/( ?LB 0/-:53*1 MD RFC ICW &9$*5"E
A?QC RM BM ? QNGL PCQRPGARCB A?JASJ?RGML MP ? QNGL NMJ?PGXCB A?JASJ
SQC RFC PCQSJRQ MD RFC QNGL NMJ?PGXCB A?JASJ?RGML UFGAF GQ @?QCB M
9$ DSLARGML?J 'MP RFC Q?KC PC?QML RFC "--08&% QS@ICW QFMSJB LMR @C
GLAJSBCB

5M NCPDMPK ? QNGL MP@GR AMSNJCB 5%%'5 A?JASJ?RGML MLC HSQR LCCBQ RN
A?JASJ?RGML ?LB SQC RFC &9%$*5"5*0/ ICWUMPB 5FC KMJCASJC LCCBQ RM @C A
A?JASJ?RCB QNGL PCQRPGARCB 5FSQ BM LMR SQC RFC 6/3&453*$5&% $0--*/&"3
ICWUMPB
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