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Computational R&D is growing in relative importance

2002:
20 % modeling
80 % experiment

1995:
10 % modeling
90 % experiment

1995 2002

2030:
50 % modeling

50 % experiment ¢
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|Im||

CXTEILR, NERTRIZ, TUREHAEX
AR DU R TR, A B AR %

B ARA: LanL2DZ (H-Bi)

X FERER, HNEH ?H’J*HXTL{»}&&F\“EIF.% i &,
A ﬂl#ﬂiéﬂ A] DAFE A XS R e &5 7 A
h, MeETTEE R
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GO3[ECPiA

Stephens/Basch/Krauss ECPEZ
% CEP-4G
X2 CEP-31G
X CEP-121G
Alamos ECP &4
< LANL2DZ (}nDz)
< LANL2MB (}iMBS)

FLECPHA:
http://www.emsl.pnl.gov/forms/basisform.html

http://www.theochem.uni-stuttgart.de/pseudopotentials
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ECPE: 41 5 \ 1 75 S I

< ECPEHBIEM N HR4>

1. SMEHEEE RS

2. BT RATA R BT S
CRGHINEERRE, RETATHEDS

< FHiop(3/8=1)4; 5 gfprint & F i 5 - H K I
%?gyﬁ?%ﬁmﬁiﬁ% TR E R EE45h
=12
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BTG

#p HF/GenECP

Sp

05

Fe

Fe 0

CEP-4G FHBN
(%4T)

Fe 0

CEP-4G ECP#I A
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E. 28 3% P i JE

CHIL [T TG
LA

RS A AL

NEA, REH

L, XMHATF

JRFEHH—

CEE.,. RnBe it a e, Nix
DA H0 R FE PR ASE R RS S v

CHTIHREEE, 7]
FIZE4, AN,

PREERNEA R EE

R
B E IREEA
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SRR R

o=

RS R IEH
<+ HF/6-31G(d,p)

< MP2/Aug-cc-pVTZ
< B3LYP/6-31G(d,p)
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@ . BEEMLER A
@ . EFESERHEITIA
@ . EAWIELE %R
@ V. G035GaussView

@ V. T Lk F A
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IV. G035 GaussView

1. GO3HI AN LRI 51
= ARG GHFHENLK.
iy P B |
« TFER (T, 2 EERE T AR
= M infE B

<+ 2. GaussView5GO3WHE L 1R
- HE S FIEEY
- RWEITHESH
= AR

FAFBEED

[
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% Resource management
# Route card

« blank line
Title section

< blank line
Molecular coordinates

< blank line
Geometric variables

< blank line

Other input options (isotope masses, include files, ...)

< blank line



%mem=32mb <

#p hf/6-31g opt “

hf/6-31g optimization of water

01 =

o ~

h 1 oh >
h 1 oh 2 ahoh )
oh=0.9 L <
ahoh=104.0

Water Optimization Input File

system resources

computational model
type of calculation

title

charge & multiplicity

structure definition
(z-matrix)

variable values
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%, WIS HRE

< %chk=aa.chk
Chk RS TEITESE R, Z2GaussView i 45 RE FE M

< %rwf=aa,2000MB,bb,2000MB......

JWESCH 2 E B 0, R R K, 324701 _ LB AEEEIT2GB,
A PA43E0°52000MB 3 44, BARAGEREITZ16GB.

<+ %mem=600MB
PCHL L, WIinXPARS 5 NFHHFE400MB; Linux & 4i/3200MB

“* %onproc=2
18 & AT EAA H K cpull



84 /156

O3t H Y

#[p] method/basis [keyword=(optl,opt2)] [keyword2=(optl[,0pt2])]

< # hfl6-31g*

< #p B3LYP/cc-pvdz opt

< #MP2/cc-pviz maxdisk=12gb

< # HF/6-311g(d,p) freq scf=direct nosymm opt
<+ #CCSD=(T,maxcyc=200)/6-31G* opt=ts
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FE45 K . BT R

CAESTREY
B fett & (sp), LML (opt), HiFE(freq), KkMid

A (irc)

WG VL
HF, MP2, B3LYP, CCSD(T), CASSCF

/'ézﬂ
STO-3g, 6-31G(d,p), 6-31++G(d,p), LanlL2dz,
Aug-cc-pVTZ, ...

0:0
\e=

N/
0‘0
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GO3% JLHIMES2REY

= SP (R RAetHE, ERA)
= Opt ULy 2. )

= Freq (=447, IR.)

= IRC (N N AEFR. )

= Scan (F e, )
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GO3'F W W 1%

= HF (Hartree-Fock 7%, ERIA)

= B3LYP (FHB3LYPZ44LZ BRSDFT 11 5)

= MPx (ZEHF 8 25 BB ) Eond_EMMMPx IR IE, x=2. 3. 4. 5)
= CCD (AR SR TTE)

= CCSD (. WK EHETIE)

= CID (U ARASHEEAEH)

= CISD (B, WEMRASHELER)

= AM1 (AM13- 2508 7E)

= PM3 (PM3EZHHTE, LHEWERA)
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S)E N
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ST 2

0 (2)

C @)

H (4)

1.50 G
1 1.49 2 120.0

T T O O
=

1 1.09 2 120.0 3 180.0

Nl

atom distance r bond angle 0 dihedral angle ¢




Unix & St I A #%

%chk=water.chk
% MEM=320MB

%nproc=2
# opt hf/sto-3g

water opt

01

O 0.00 0.00
H 0.00 0.00
H 0.90 0.00

‘Water.gjf‘

0.00
0.96
-0.32

#!/bin/sh
cd /home/user101/working/g03/water
JOBNAME=water

g03 <<END >$JOBNAME.log
%chk=$JOBNAME.chk
%MEM=320MB
%nproc=2

# opt hf/sto-3g Water.com

water opt

01

O 0.00 0.00 0.00
H 0.00 0.00 0.96
H 090 0.00 -0.32

END
mkdir -p $JOBNAME
mv ${JOBNAME}.* $JOBNAME
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& Gaussiow 2.1
Bhe B D Caulae  Hede W b

(&} Gaussian 98 Revision-A.6

#ll File Frocess Ukiities Wiew Help

=l 8| & (2 e R s S

Waleome to GaussView \ehiee st | ez |
i i Active Jab: | CAGIEWApdt g Output File: | pdt.out ¢
p'Dg'E:S"'lC:\GQHMISUZ.exe is processing...

Gaussview

[teratively Solving the Sell Consistent Field E quations

Structure Visualization Electronic Structure Calculations
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- e P - P o e 1o e T e e

[@ Gaussian 03 Revision-B.03

File Process Utilities View Help

150 3 | =3 allE

Sctive Job: | O:AGOWAHbondwater qif Output File: | e
F!unl_-_ CHIVAIPN? exr ic RFACEEEINN
I - 1128 2 VE A e €46 15 PIOGE S5,

Initial Parameters

{(Angstroms and Degrees)

R{1,2
B{1,3)
a(z,1,3)

Trust Radiu=s=3.00D0-01 FocErr=1.00D-07 GrdErr=1.00D-07
Number of steps in this run= 20 maximmm allowed number of steps= 100.
GradGradGradGradGradGradGradGradGradGradGradGradGradGradGradGradGradGrad

Reorienting Coardinates, Calculating Symmetry, and Checking Yariables
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GO3HI A S X 5851 4

Existing File Job Edit
File Edit Check-Route Zet-Start

[D:AG03WAH20. gjf [=]| Additional Steps |[_ 0 |

9 Section Pschk=HZ0.chk 8 « | [®as] |
e 750 [0l

=connectivity ,EE%%@\ o= t.

A

02 J RS S 77
Bz 096000000 R /RABKRER
kN A ARAR Jll

b
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~ [T B G1:M1:V1 - Daa =]
Results Windows Help
l|%6s 21 PR 2 LS Gaussian... Ctrl+G

|8-5 & o= Current Jobs... Ctrl+] ﬁ |

ATE IS

| FEv tEui]_.'d 'Eelec_t f_'lai:emen_t ﬂ
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. B G2M1:V1 - EAG.Bi[= 3 + Gauss¥iew 3.0

E]Fa Edit View Calculste Resulls Windows .IjE.'[}} :

JHEQ“M ¥ =SSP B[P ] ua 0
.
]

JJ:B%._ED&_.. X[5 o[5S - e
[PV 34 AROR == @#l | Mn e

=

=]

i
T|o Bl F

| Mt
Pm| Sm| Eu| Gd| To| Dy| Ho| Er
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M G1:M1:V1 - Gaussian Calculation Setup

Title:
Eeywords: # opt hff3-?1g geom=connectivity
Chargze/Mult. : 01

Meth-:--:l | Title | Link 0 | General | Guess | ¥BO | PEC | Solvation

Optimization ll

Minimam =] [ Use GDIIS

Frequency
OpttFreq
IERC

Scan
Stability
HME

EOMD

ATIME

nstants | Hewer _:J [T Use tight conwergence criteria

Additionsl Keywords: | Update

cubmit. .. | Cancel | Edit. .. Retain Dafanlts Help Y
"
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)75 S H A

| 38 G1:M1:V1 - Gaussian Calculation Setup X
bt lies i
. Keywords: # opt hff6-31g geom=conmectivity

Chargze/Mult. : 0O 1

Tob Type Title | Link 0 | Gemeral | Guess | HBO | FEC | Solvation

[T Multilayer OHIOM Model

Method: IG*r-:-und State ll I]'[:artree—F-:-cll: ll IIlefault Spin ll
Basiz Set: |B-31G =l =] =l |mv| ]
Charze: ||:| Spin; Singlet |

Update

Additional Keywords: |

cubmit. .. | Cancel | Edat. .. Retain Dafaults Help Y
i3
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M G1:M1:V1 - Gaussian Calculation Setup

Title:

Keywords: # opt hf/6-31g geom=connectivity
Charge/Malt. : D1

Job Type Title | Link 0 | General | Guess | EO | PEC | Selvation

[ Wultilawer ONIOM Model

Hartree—Foclk ll Default Spin

e = [I.._-fiul’r::pu-l .....................

fl Fe=tricted

Unrestricted

Methaod: Ground State ll

_ iGround State
Basziz Setlf

Semi—emplrical. ..
Charge: CIs

SAC-CI
TD-SCF

OFT. . .
MEZ
ME4
ACISD
CCEI
CASSCF

Compound. . .

Restricted-Open

Additional Keywords: |

cubmit. .. | Cancel | Edrv: .. Eetain Defanlts Help
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M G1:M1:V1 - Gaussian Calculation Setup

Title:
. Keywords: # opt hff6-31g zeom=conmectivity
Charge/Mualt. : 01

e Title | Link 0 | Genersl | Guess | B0 | P20 | Selvatien

[T Multilayer OHIOM Model
Method: IGct'-:-u.nd State j I]'[:artree-F-:-ck ll I]:Iefault Spin ll

Ba=i=z Seat: I B-31%

STO-3&
321G

Charge: 0

E-311G
ce—pYQZ
LanlZDZ
Lanl ZME
1] ]
DEOZVE

DGOZVEE
Additional EKewwords:

-

Submit. .. | Cancel | 1y b 5 et Eetain Defanlts Help | b
'
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| B1 G1:M1:V1 - Gaussian Calculation Setup X
o Title:
. Keywords: # opt hff6-31g geom=—conmectivity

Charge/Mult. : 01

Tob Type Title | Link 0 | General | Guess | ¥BO | PEC | Solvation

[T Multilayer OHIOM Model
Method: IGrn:-und State | I]'[:artree-F-:-ck Rd I]:Iefault Spin w|
Basiz Set: |B-31G A =l =, .=l
Charge: [0 Spin:

iSinglet
Triplet
Huintet
Septet
Honet

Additional Keywords: | Update

Submit. .. | Cancel | 1y b 5 et Eetain Defanlts Help | b
'
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Title: -
Eeywords: #F opt hffﬁ—ﬁlg geom—connectivity
Charge/Malt. : 01

Job Type | Method | Title

Link 0 Commands:

%chl=H20. chle i
%mem=B0MY o
¥rwi=aa, Z000ME, bb, Z000ME

¥nproc=1

Checkpoint File. .. I

Additional Keywords: | Update

cubmit. .. | Cancel | Edit. .. Eetain | .ﬂefaults | Help | .
7
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GaussViewﬁ

FT GO T4 8 % H SC 4 (log BX .out)

Moo

X GaussView 3.07

Ale  Edit View Colouiafe

Results | Windows Hefp

8 @ kR 3 W

= <

Il En X

5P

=

Suprry.. | |V S

O |

1P A F@RFEHE & 9

NMA...

S,

—

IRC...

Trafectory..
Optimization..

5o View Al

—




i muick w| [Retate v| hround [View I v By .0

[ epiy —ISD-—]— 180

ﬂﬁrl:ll:?l — Ganssian Calculation Summary

3

File NHame
File Type
Calculation Type

Basi=z Set

Charge

Spin

E (RROSZI+HF-EO052X)

Summary‘

EBS Gradient Horm
Imaginary Freg
Dipole Homent

Point Group

Job cpm time:

Calculation Hethod

0 days

IS init
q=t3CHICHZ
.log
FTS
EMOS2Y
ST0-3G
1]
Singlet
-575. 58659308 a n.
0. 00005041 & n.

0.5532 Debye
C1

seconds.

2 hour=z 18 minutes 38.5

i [ ¥iew File J [ Save Dlata J
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N GaussView 3.07

[%] G2:M1:V1 - Surfaces and Cubes

D § W)= G| A
Ix@E X|[9 e[ = J=[d

cutos bl e s, |

r 1
06 [X] G2:M1:V1 - Generate Cubes B e e e

Cirhitals:

Kind:

,z;E

da Qoo 75 Virt

oo |

‘ Surfaces ‘
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% G2:M1:V1 - Alpha MO ( (MO = 35) ; isoval = 0.02 )

(@ 6 O % G2:M1:V1 - Surfaces and Cubes

Cubes Available: Zube Actions...

Aty M2 (o = 35 [ Bpts = 76,5443 ;[ ey = .333333,0. 33333300 333333}

[

surfaces Availahle: Surface Actions...

— | Al M2 § MG = 35) ; Isaval = Q02 ) FSirawineg)

lzovalue for new surfaces = | 0.0z20000 ] Add views for new surfaces

Surfaces ciose| it
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‘ Vibrations ‘

e " lGZ:Mﬁl—Display VibrationsVibrational Spectra
Infrared Spectrum
&0
2
"
g3
=1l .
-0
IIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
-500 ] 500 1000 1500 2000 2500 3000 3500
Frequency

Raman Spectrum

450

5

£

i L
-0

-500 o 500 1000 1500 2000 2500 3000 3500
Frequency
P-Depolarization Spectrum

16
E 1.4
=2
N
1
%n}t
a "3 .

IIIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|
500 ] 500 1000 1500 2000 2500 3000 3500
Frequency
U-Depolarization Spectrum

-
Ak
IR
g 1z
S0
=04
a 05 I

S00 1] 500 1000 1500 2000 2500 3000 3500

N ||
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VCD Rotational Strength Spectrum VCD Rotational Strength Spectrum
100 100
B0 a0
e B0 iz e B0 7
o 40 9 4
= — —
£ 207 ' £ o+
EFJ' 0 = g o 5 ™
E 20 j
-40 -4p -
500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2 000

J

; Frequency Frequency

GaussView can display a variety of computed spectra, including IR, Raman, NMR and VCD. Here we see the
VCD spectra for two conformations of spiropentyl acetate, a chiral derivative of spiropentane. See F. J. Devlin,
P. J. Stephens, C. Osterle, K. B. Wiberg, J. R. Cheeseman, and M. J. Frisch, J. Org. Chem. 67, 8090 (2002).
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GaussView:

"6 x| G2:M1:V1 - Display Vibrations

-------

xT-.E.EE?"E
1167.97
118259
1227.29
127362

Framea / Cycle: |

Displacement;
i Show Displacement Vectors
|11 Show Dipole Derivative Uni

T zrh:-',arxj' oo o s -
o0 =] Toon P Qoo B L

L T
= 0

B

l Eﬂﬂaﬂd Qnly Read Only
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269 Wavenumbers (cm-1) 1386 14A73
17\16 1338 f\ /’\l 157\0 1605
I II \ I \ \ I
| ), \ \
) / I\JI \'A\‘/III\__A_M _______ A Ik\« 77777 . AN !Il\__”jl I\,../I \_/\// ! \ . I\/ \\ ,,,,,,,,,, -

! I I I |
800 1000 1200 1400 1600
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S ENEE:. 8/ CPUE1GBE2GBN 7#
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@ . BEEMLER A
@ . EFESERHEITIA
@ . EAWIELE %R
@ V. G035GaussView

@ V. Ak 22
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m m O O W P

V. R Ak 22 [

B 57
IR R

43 &P
22 I L
QM/MMAE 7Y

4

1AL
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A, IR T [ =

1. fER, RlEESO: AL, RO
2. R BN X FERARERE

3. MRIEAFEIREATE V) e, SRR T BB BBl 4h 42
HAR RS HESE

4. XTHIRARZHER, 2OBTHANBERRER, BAHE
25 IR LU 2 RE S R A T 1) g /ML Y

O, MAR/PMEEHAIT AT, BRSEK S RIS 45t
RRE T, B BLSE
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AT EHIRYE

N
hnfal
AN
=
£
N

EFE, pdbigz{

3. HEHREMNMER
W ER FIsupport information

4. Ttz

ChemDraw(ZD) -> Chem3D(mol) -> GaussView
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B. S FIfa e

< BT ERE D — RGN, 52 HIEE
F B A e it (B b))

“ WD T HITRE S BRI BT FRINR /D RER R, HLE
ARIMEHI R EE, HEBRIBEME. et

ab
He !

M THANH T, IR RENGL0 LD,
H 053 T e RS RIS, X915 T34 67
AR A o R

N
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CHERREBBE(RTREHZHEFEE)

’0

< MOKZ298K K148, S (FEE

B IR A (IR )

RS AT
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C. 4 P& Fhitt ]

ERESFIRESM)E, TEUARKRER 2
FHI<H) 1 & ’ lﬁj@féﬁ TATEE

4 FRIERSFR (LS R) (IR)
 BeRESEAR K BB R B (NMR)

’0

PRBNE — M (VCD)
< et (ROD)
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A I DALER AT 5% 3 AR T e HL B [
R IR, RIS AE M L HIE R

Transition
State
(1 imagnary

frequency]
Lozl
i obal -
P e ] /‘-"'l'llrnu'n
1' Feacton Barier Bond Cissociaion
ash Energy [2G)

A—B Bond distance

Energy
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TEABRNER

. FHFEEE LEH— 4&%:)5 W E 7T 0] BERI AR RE 45
WZE%&@T JUREIPE

o —REL R AR R KA

F-_0E =0, OnlyOne 0°E <0
OX. OX?
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VS I A R

o FEREFESTFENNE, KIKTTFREGHWEZHRS

o WES DB IUEATRUE, FiRIRSIIRE P BT —4
&) IESRBNANER A FEH o

o RO AR Y R BIRRIN R S5ER, HIRIER B e
ZEBENIRER, Wiz ARRR &t BB 5 kA

RN RYRRMN, SRR BB BTE R IE
%Dmgﬁ%ﬁ?%Aﬁm%m A ¥ F— A2
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STQN7:T/ -

it-guided Quasi-Newton)

OPT=QST2 5 OPT=QST3

“ QST2HHEFEPIATER T HIHIA, —
RN, B

“QSTIHHEFTE=/"0TETHHA, 7H2E
RN, PR E A R AR S o

CHER: rARXES TSNS B R F IR 50
REFTE—3
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BGE:II:TI — Gaussian Calculation Setup

Title: reactant C10H12+CS5HE —> C15H18 ts search
Kewwords: # opt=(q=t?_loose) hffsto—3g serf=(iefpem, solvent=ch3enl
Charge/Mult.: O 1

Job Type |Me+.1-u:--:1 || Title || Link 0 || General || Gueszs || HEQ |PB|: |S-:-lvati-:-n

Optimization vl

Dptimize to a T= ] 1 [[] Use GDIIS

Caleulate Force Constants m [[] Use tight convergence criteria

Additional Keywords: |-:|1:|t=1|:u:|5e serf=solvent=chien Update

Scheme: | (Unnamed Scheme] v| Y

[guhmit... ngi.:k Lau.nu:h][ (T ” Edit. .. ” i H R H Tty ].:E
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G03: QST2/H

M G2:M1:¥1 — qst2CHICH3. gif (6:... [2 |[B)X]
%chk=qst2CH3CN3.chk TYEETE
%MEM=320MB
%nproc=2

# opt=(gst2,loose) m052x/sto-3g SCRF=(IEFPCM,solvent=CH3CN)

reactant C10H12+C5H6 -> C15H18 ts search

01
C 22475 4.4966 1.7443
C 23671 21834 1.6321

C 22834 4.0079 3.0030 | Ingquire Select Atom 1 .-

------ M G2:M2:¥1 — qst2CH3CH3. gif (G:-.. [= |[B)[X]

H -3.9388 3.2050 3.1497 = B
L

product

01

C 1.5645 4.4443 1.4166
C 15293 21922 1.4493
C 1.8982 3.9996 2.8374

H -3.6205 3.0735 3.2678

| Inguire Select Atom 1 .0
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GaussView: TEASHEZE

8 G1:M1:V1 - Gaussian Calculation Setup

v. GaussView 3.09 Title: Title Card Required
Aie Edit View Calcuiale  RBesuits  Windows _{f_éib kewwards: # opt={calcfc,ts) hff6-31+g{d)

-|E @ bR g_ ﬁ T H{E ﬁ} Y j"“ o |;§ v |Eﬂ-ll ChargeMult:  -11
ARLF | Oy A& [|FH dooTye | Method | Title | Link 0 | [General] | Guess | NBO | FEC | Solvation

P Current Fragment: Use Quadratically Convergent SCF additional Print
B Use Modified Redundant Coordinates Wiite Connectivity

lgnore Symmetry

28 G1:M1:¥1 - fafsfisis. unc.edu/homefs/hishubinfts.com

Additional Kewwords: | | |-
ol ey eore} |G |NCSESW |NESE| |MESEN (MCSEUEN| |NNEEENN




125/ 156

GO3: T EAE R A =]

% Chk=sn2.chk
# RHF/6-31+G(d) Opt=(CalcFC,TS) Freq

Title Cl...CH3...F- TS Opt

-1 1 <- charge -1
C1
Ci2,1,RCCI
H3,1,RCH,2,A3
H4,1,RCH,2,A3,3,120.
H5,1,RCH,2,A3,3,-120.
X6,1,1.,2,90.,3,180. <- dummy atom
F7,1,RCF,6,90.,2,180.
Variables:
RCCI=2.133
RCH=1.062
RCF=2.1260
A3=97.3 <- somewhat bent away from ClI

Sy2 reaction of CH,;CIl and F-
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GaussView: ¥

B G1:M1:V1 - Display Vibrations

< RLB B ANR S 5 AR RN TR — 2K

34, 'IEEB

341228

Z.2adh

01633

01633

: 131761

155066 4.7536

1590 66 47596
341376 0.7

a609.75 04337

A609.75 04337

3 G1:M1:V1 - Jafsfisis.unc.edu/home/s/hishubin/ts. log Mi=1E3

J @ O

®| Read Only Read Only A

(' B RSN e 7l [ NPV SR | o | (RS

aff Show Displacement Vectors

ahow Dipole Derivative Unit WVector




127 / 156

Full mass-weighted force constant matrix:
Low frequencies -—- -441.1383 -0.00258 -0.0026 0.0025 3.3997 23.3958
Low frequencies -—- 28.5818 231.9756 231.9756

= 1 jmaginary frequencies (negative Signs) =

Harmonic frequencies (cm**-1), IR intensities (KM/Mole),

reduced masses (AMU), force constants (mDyne/A) and normal coordinates:

1 2 3
Al E E

Frequencies — —&4& 83 231 9755 2319755

Red. masse @ 4.2907 4.2907

Frc consts —  1.4489 0.1360 0.1360

IR Inten -~ 1090.5199 34.1154 34.1154

Search for
\PG=CO03V[C3(F1C1CI1),3SGV(H1)\NImag=1\ “Nimag”
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E. QM/MM: ONIOMAL 7!

A2 I BN

=
=
%
i
=

S IEME A EREEMOE LA, SHE
HaT A

r First Layer
” Bond-formation/breaking takes place.
E " E E Use the "High level” method.
7] = =
= = Second Layer
5 §44 £8 Seconc. Lay
— S h T ectronic effect on the first layer.
E o 5 'g Use the "Medium level” method.
£8 =
= t Third Layer
" Environmental effects on the first layer.

Use the "Low level” method.
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QM/MM T {E E

< Wi A R K HamiltonE, HQM|

H =Hgy +Huw +Hg

X FIMMIX.4H i,

M /MM

< QM F1 MM X £E 72 75 TH A0 B 1 5 T (B R A AR AL )R B A1

HAEH

< IR EAEQMAIMMEX 27 8] 5 3 43 5 4k -

« HEZRTIEQMX KB E
© RS EZRMCBIE R 55 RQMIF) 8
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GaussView: QM/MM

S 3. Edit -> Select Layer
B G1:M1 - Layer Selection Tool

Sef Layer:

Expand el

1

Low Layer Medium Layer High Layer

B3| Build [Select Placement >
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GaussView: QV/MMix &

SEE: Calculate ->Gaussian->Method

W1/ [Build [Select Placement A

B G1:M1:V1 - Gaussian Calculation Setup

Title: Title Card Required
Keywwords: # opt oniom (b3lyps3-21q:aml ufr)
Chargesddult: 010101010101

Joh Type | [Method] ITitIe | Link0 | General | Guess | NBO | FEC | Solvation

af Multilayer OMIOKM hModel

High Layer | Medium Layer | Low Layer |

Charge: El Spin: _l

Use sparse matrices

additional kKeywiords: | | _

A
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X% medium Rl low 2, 733l ESE:

B G1:M1:V1 - Gaussian Calculation Setup B G1:M1:¥1 - Gaussian Calculation Setup

Title: Title Card Required Title: Title Card Reguired
Keyords: # opt oniom{b3lypr3-21g:am1 uff) keywords: # opt oniom{b3lyps3-21g:ami uff)
Charge/Mult: 010101010101 Chargedult: 010107010101

Job Type | [Method] ITitIe | Link 0 | General | Guess | Job Type | [Method] ITitIe | LinkD | General | Guess | NBO | PEC | Solvation
A Multilayer ONIOM Model
High Layer | Medium Layer ILDW Layer | High Layer | Medium Layer | Low Layer I

Method: | Ground State | | Semi-empirical.. « || De]  wetnon: | Ground Siate - | | Mectamics.. | vrF |

Charge: |0 Spin: Charge: |0 Spin:

[L] Use sparse matrices [ GEG

Sdditional Keywords: Sdditional keywords:

Submit... Cancel Submit... Cancel Defaults
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G03: QM/MM A 7= 45

%"‘i‘rz oniom.com - fafsfisis. unc.edufhomefsfhfshubin/
File Edit Search Preferences 3Shell Macro  Windows

[Echk=oniom. chk

Smem= 6T

Frproc=1

# opt oniom(b3lyp/3-21lg:aml uff)

Title Card Required

ol10101010
3 297450 . B9E395 100798
540786 400794 . TT2853
540786 400794 974450
. 367453 . 8596409 100733
. T84143 555537 100733
114143 . 555540 .100801
1408138 . 059936 974448
297483 . 281492 . 156608
C839210 CTTeE2d 030257
. 367481 .2 Ta7Ta3 1575591
. T8e4710 . Ta4236 155200
116472 . T35544 153770
145108 .2aTe3z 281775
299283 4800086 412928
369280 458280 414367
940628 .B5ERZE . 286353
. T152594 C120294 411302

[T I |
I Y Y I I
(28] (28]

IR
I I
(28]

TR

1
I
o
o
o
o
o
o
o
o
o
o
o
o
o
I
o
o

nmmnmmnmlmnmmnmmmn
oo mm o mimommo @mm o
OdnonmEEEEE=ECD e e

[ L e e e Bl el ol e

1
[
=
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F. 4> FH k224

< M2 A
SERA, BERITRSS, BTN, RN E

TR

RSP0 THRRIIZR, LK

JR IS

A B 45 5 T R

&5 : LCAO—MO

= JRFHf7: MullikenfifE 1, MayerigZk, HAA6/E
/¥ (NBO)

= HOMOFILUMO 4%

A=
=W
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SR T

KA MO-LCAO,

FITAOH— I HCOH

REF LB FIESE SN RT, B2
PRHFERE(RP 73+ I PSHERE):

A-BIH LA PS, PS,y - PS,, A3 A JER

MU”lken%}égfl PS ........

PS., PS., - PS,
PUNE: S

0 e g

i ;

sni PSs v PSy, | FRIAMETY
: . : :[;/j/\Q/\%./\J“¥

Z

L, %
LIEpS]
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o JJF AR A - BT

da=Zp-€a
o JRFZ BRI BT PSS, g X N TR F 2 |H]
E’J,iﬁ‘%‘%ﬁiﬁ'ﬁ

R B R, A ERRIHFEE X

SR REAMEMIEY BE, B3NS RE
R TEERA R X
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Wiberg#fliMayer{z: 2%

o ILUMEERIBE W LU SE EHh I BRLEE ) 92 55

o MullikenB2Z 5&RANIMEKBFZRA EERIRR
o Wibergi#Zk &z H.E) MayerigZ, (PS)—(PS)?
o Wibergf## 55X WKL —,

e Mayer#Z 5EXKBERTE—H

e #iltn: H-H (1.0), C-H (0.99), C=C (2.01)

o XIANFEEART—ERIEEN

o WH: IRMETHIRFZRIILU 88 it

e Gaussian03FJNBO4; 177 LL#4i i Wiberg 8 2%
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i B MR IEACK HUE R T BB 20
HARPUE S IR T e R 2 e TEAHM

j]].:ﬁt, %U$hLZIEﬂ&ﬁ Ei%a C-C Bond
w5 e AR

gzt Rse, sEanx I
E 3

EE_I;'?%; %E: 7J<1/K7ITTLJ, 7

/'H'

e AR S

C-H Bond
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# G1:M1:V1 - Gaussian Calculation Setup

Title:
; ; Feywords: # hffi-21g pop=nho geom-=connectivity
8 G1:M1:V1 - Gaussian Calculation Setup Charge/Mult: 01
Titl: o Job Type | Method | Title | Link 0 | General | Guess | NBO IF'EIC | Salvation
Eeynwords: # hff3-219 geom=connectivity
ChargefMuIt.: ol TBI'FIEZ | i MB ﬂ
Joh Type | Method | Title | Link0 | General | Guess = MNBO IF'H

Checkpaoint Save: Doy 't save

Type:

Save NLMOs

Save NBUs

Checkpoint Save:

Save Mixfire of NLMOs axdf NBOs

Additional keywords: |

Update I
Additional Keywards: |

 submit. | | Cancel | | Edit. |  Retain |  Defautts |  Help |
Submit. |  Cancel | | Edit. |  Eetain |  Defauts | = Help |

4

7
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G03: NBOJIZ 7

#rhf/3-21g pop=nbo
RHF/3-21G for formamide (H2ZNCHO)

01

H -1.908544  0.420906 0.000111
H -1.188060 -1.161135 0.000063
N -1.084526 -0.157315 0.000032
C 0.163001 0.386691 -0.000154
O 1.196265 -0.246372 0.000051
H 0.140159 1.492269 0.000126
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B3LYP/6-311++G**
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AIM(5> T iR F) 757

# b3lyp/6-31g(d,p) aim

o BT

SRR TFEEL

< BT B R BE R T AR A AT L,
FR(x,y,2) I —Fr M i i ok S

 HRAR

i L5 B MO,

AN R B SE =

2% [B] AR AL 2 AR

12, VA T AH Y X 8 I A%

5/

FEL 3 B B B A e 9 B 1l 0 AN AT X

oL %o 0 ] A
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ZHEAIMA T 5

\\R | |I|I W N
/,5:;5’ "’E;

PR R A
THmAn AT
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K B & ) R 7 H 7 (CHelpG)

<+ CHELPG (= CHarges from ELectrostatic
Potentials using a Grid based method)

o BT R H 2 T 2 A P B,
BB T e S 3 pmEL

B TR/ K 28pm
2 Y FEAE T A A5 P B : :
X HE A RETIUE AL £ B
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VI AR

%chk=CH4 ! LinkO ﬁ‘ﬁé\' chk,rwf,nosave,mem,nproc
#P MP2/6-31G* OPT FREQ TEST ! {llaé1
! FFT
OPT And FREQ on CH4 I FRRAT
! "ETIT
01 ! S EE
C U A ARBR I 23 Hi R
H1r
H1r2a 52 2 MDA RO A3 A
H1r2a3120.
H1r2a3-120.
Variables ! g, RAIUTELTERME; LR TE—17T
r1.09
Constants D B, RUTEAMETHES AL WAL ZE—4T
a 109.47122
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_ s
BIANTT ] DA AR bR A HE, At 3
Input orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

0 0.000000 0.000000 0.000000
0 0.000000 0.000000 1.090183
0 1.027835 0.000000 -0.363394
0 -0.513917 -0.890131 -0.363394
0 -0.513917 0.890131 -0.363394

AL ON-=
I G G e 1)

FRUETT 0] WAL AR IR A 2 F IR O b ?3('3 Eﬂzéf%ﬂuiﬁ ;}Jfg;»
: - . JzAA PR T L % FE. AT
Standard orientation: [t

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z s, , .
WET R EE, REIHHE

1 6 0 0.000000 0.000000 0.000000 HKIPE 2 5 Y T AR 5 )

2 1 0 0.629418 0.629418 0.629418 : > / =

3 1 0 -0.629418 -0.629418 0.629418 ?,J" ﬁDFreqﬂ“ﬁEPEl'Jﬁ?iﬁfz

4 1 0 -0.629418 0.629418 -0.629418 375 1)

5 1 0 0.629418 -0.629418 -0.629418
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o XTARE:

Stoichiometry CH4 ITEHE, 77
Framework group TD[O(C),4C3(H)] BT J& 3 T X R &
Deg. of freedom 1 B HEH
Full point group TD NOp 24 =¥

Largest Abelian subgroup D2 NOp 4 &H K I/RFE

Largest concise Abelian subgroup D2 NOp 4
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0 1y S PR R

o A
= Standard basis: 6-311G(d,p) (5D, 7F)
= There are 12 symmetry adapted basis functions of A symmetry.
= There are 10 symmetry adapted basis functions of B1 symmetry.
= There are 10 symmetry adapted basis functions of B2 symmetry.
= There are 10 symmetry adapted basis functions of B3 symmetry.

C A 52 25 Tl e R A ) 22 B B IS0

= [Integral buffers will be 262144 words long.
= Raffenetti 1 integral format.

Two-electron integral symmetry is turned on.

42 basis functions, 64 primitive gaussians, 43 cartesian basis
functions

(RN (STOs) FGaussianB E$/  (GTOs) )
5 alpha electrons 5 beta electrons  (AlphatH T#f1Betat F %)
nuclear repulsion energy 13.4331323697 Hartrees. (I%#E)¥Ee
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o SO O

s IETEN:

Initial guess read from the checkpoint file: CH4.chk
CGEAENLRIRTEE TR U R N _EA AL 20 BRI CHK ST SR BT s AARATE, SR
A FHHZNDOAE A 14675 )

Initial guess orbital symmetries:  (FJIEHE BB B XTFR D
Occupied (A1) (A1) (T2) (T2) (T2)
Virtual (A1) (T2) (T2) (T2) (T2) (T2) (T2) (A1) (T2) (T2)
(T2) (A1) (E) (E) (T2) (T2) (T2) (T1) (T1) (T1)
(T2) (T2) (T2) (A1) (E) (E) (T2) (T2) (T2) (T2)
(T2) (T2) (A1) (T2) (T2) (T2) (A1)
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SRR

SCFitH 4 K.

SCF Done: E(RHF) = -40.2089173552 A.U. after 1cycles H®BHWH
Convg = 0.3754D-11  -V/T = 2.0014 B HEESCHIEEMLE R RE
S**2 = 0.0000 S} il

U RHBE SN2 (— R SRS B A0
A T KRR, A TSR
.
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SRR

o
%

Condensed to atoms (all electrons): IR4E %R LHIHEST (FrEHET)
1 2 3 4 5

1 C 4.720460 0.410275 0.410275 0.410275 0.410275
2 H 0.410275 0.573213 -0.024626 -0.024626 -0.024626
3 H 0.410275 -0.024626 0.573213 -0.024626 -0.024626
4 H 0.410275 -0.024626 -0.024626 0.573213 -0.024626
5 H 0.410275 -0.024626 -0.024626 -0.024626 0.573213
XL RN MIEIR F LR BT
S EETLEH1-2, 1-3, 1-4, 152 G4BT, T LLE i

J K/ J/ J K/
0’0 000 0‘0 0’0 000

J/
0‘0

<+ Mulliken atomic charges: Mulliken & T H.%7 (GV & 7~ FI B 21X ME)
<« 1 C -0.361558 ZCJR T LA 1§ 1 S FL ey

<« 2 H 0.090389 ZHIR T B AR IE R

X 3 H 0.090389

X 4 H 0.090389

J/
0‘0

5 H 0.090389
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Enter C:\G03W\I9999.exe)

1|1JUNPC-UNK]|SP|RMP2|6-31G(d)|C1H4|PCUSER|20-May -2004|0||#P
MP2(FRZNGC)/6-31G*SP||SP||0,1|C|H,1,1.0901 8312|H,1,1.09018312,
2,109.47122063|H,1,1.09018312,2,
109.47122063,3,120.,0|H,1,1.09018312,2,109.47122063,4,120.,0||Versio
n=x86-Win32-G03RevB.05|State= 1-A1|HF=-40.1950547|MP2=-
40.3325524|RMSD=2.008e-009|PG=TD [O(C1),4C3(H1)]||@

Summary, G TiHHEITE. EAH. R, R RN GEE. ATLLEH:
< XEEPC MM, MP2 (FC) 16-31G* ¥ R BETT & ;

o AR, BERLE1;

< WARKRATLLE 2R+

< FKZGO3 B.05/R A

o BTARATL

< MP2ft &£ -40.3325524 Hatrees;

o HEERETd;

*
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G%ﬁ%%ﬁﬁ%

%mmmmgAE%Tu&AE—@,mﬁﬁAﬁ
A BERAESS KA R DU PR B SEE
m&%&%ﬁ)

--Link1--

EE: “-Link1--"Zi 20/ AT, Romb—
M ERER.
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mﬂlm Freg —AE% Z_I_‘lﬁ}# ﬂ]_“
I‘ﬁﬁ%@bb’ﬁﬁﬁﬁﬂ:ﬁ THAL
Frequencies at STP %ﬁjﬁﬁ’]ﬁ )\%ﬁ:/—gg—/;%—t
298. 15 KFll— 3, -

(s ) AE300 If%[lﬁ/\j;(/—\ﬁ

—Linkil—

®»Chk=freq

hbNoSeve

& HF/6-31G(d) Geom=Check Guesz=Read Freq=I(ReadFC, Readlsotopes)

Frequencies at 300 X

( &8y 5 SE)
300.0 2.0

CE AT A




155/ 156

GaussView 4 Help: Tutorials

Gaussian 035 & FH Ft

Exploring Chemistry with Electronic Structure Methods,
J. B. Foresman and A. Frisch (Gaussian Inc.)

Gaussian|fR ¥ 5Ihg8, BigH
B B FEEAM LR (P ), 1585, AR

Molecular Modeling — Principles and Applications, A. R.
Leach (Addison Wesley Longman)

A Chemist’s Guide to Density Functional Theory, W.
Koch and M. C. Holthausen (Wiley)



wi%: http://forum.hongcam.net
HEf4:: zj@hongcam.com.cn
FHi%: 010-51261900-838

Thamlke Youy !
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