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Gaussian

Unix/Linux

Gaussian C Shell
setenv g94root directory  / directory
source $g94root/g94/bsd/g94.1ogin

h20.com C Shell
094 <h20.com >h20.log

Unix .com Jog

Windows

Windows gf .out

#T RHF/6-31G(d) Test
My first Gaussian job water single point energy
01
O -0464 0.177 0.0
H -0464 1137 0.0
H 0441-0.143 0.0
# #T #P

RHF Hartree-Fock
6-31G(d)
Test Gaussian

Windows



Pople
Gaussian

SCF Done Hartree
Hartree= 4.3597482E-18 Joules =2625.500 kJmol=27.2116 eV

C )

Gaussian ( 19999.exe

) (1
CPU CPU
(Window Unix/Linix

"Normal termination of Gaussian 94"



(Molecular Mechanics) (Electronic
Structure Theory)

1.1

MM3 HyperChem Quanta Sybyl
Alchemy

AM1 MINDO/3 PM3 MOPAC AMPAC HyperChem
Gaussian
2.

Hartree-Fock HF

(Density Functional Methods)



HF

1.2 (Model Chemistries)
Gaussian
®
°
(theoretical-model chemistry) (model
chemistry)( )
Gaussian
Gaussian
HF Hartree-Fock
B3LYP Becke 3 Lee-Yang-Parr
MP2 Moller-Plesset
MP4 Moller-Plesset
QCISD(T) Cl
R
U HF UHF
)
®
®
®



2.1

Pop=Reg
Pop=Full

SP
HF( ) B3PW91l
6-31G LANL2DZ
Pop=Reg

SCF=Tight

5 HOMO 5 LOMU
SCF=Tight

0 25+1 S

HF



1 1
Z-  (Z-Matrix)

Gaussian B
2.3
2.1 e2 01
Standard Orientation
SCF Done E(RHF)=-113.863697598 A.U. after 6 cycles
hartree
E2=-0.3029540001D+00 EUMP2=-0.11416665769315D+03
EUMP2 MP2 MP4
O Vv
( )
HOMO LUMO
Gaussian Mullikin Total atomic
charges
Gassian Dipole momemt (Debye)
CPU
Job cpu time 0Odays 0 hours O minuites 9.1 seconds CPU

7 66



2.4

2.2

e2 02

NMR

#T RHF/6-31G(d) NMR Test

GIAO Magnetic shielding tensor (ppm)
1 C Isotropic = 199.0522 Anisotropy = 0.0000

B3LYP
TMS TMY(
1 Clsotropic = 195.1196 Anisotropy = 17.5214
-3.9ppm -7.0ppm
2.5
2.1 2 01
2.2 2 02a(RR) 2 02b(SS) 2 02c(RS1 2- -1 2-
2.3 2 03
2.4 2 04
HOMO LUMO
2.5 2 05a 2 05b 2 _05c
2.6 2 06 C60
C60
SCF=Tight
2.7 2 07 CPU
SCF CPU
SCF (SCF=Convern) SCF (Gaussian )
SCF SCF
int (MB) CPU CPU

23 2 8.6 12.8

42 4 11.9 19.8

61 16 23.2 38.8

8 66



80 42 48.7 721

99 92 95.4 122.5
118 174 163.4 186.8
137 290 354.5 268.0
156 437 526.5 375.0
175 620 740.2 488.0
194 832 1028.4 622.1
CPU
CPU CPU
2.5
SCF SCF

2.8 2 08a(02) 2 08b(03) SCF
SCF SCF
SCF
SCF Sable

Sable=OPT

The wavefuction has an RHF --> UHF instability
UHF

The wavefunction is stable under the perturbations considered

RHF Stable=Opt
RHF-->UHF UHF UHF Stable=Opt
The wavefunction has an inernal instability
RHF SCF
Guess=Mix HOMO LUMO
UHF Guess=Mix Stable
Guess=Alter Gaussian User's Reference



3.1

3.2

Gaussian
0.00045
0.0003
0.0018
0.0012

10 66



Opt
3.1 e3 01

#R RHF/6-31G(d) Opt Test
RHF 6-31G(d)

GradGradGradGradGradGradGradGradGradGrad...

--Stationmay point found

3.2 e3 02

3.3

Gaissian STQON Opt=QST2
3.3 e3 03
H3CO --> H2COH
#T UHF/6-31G(d) Opt=QST2 Test
H3CO --> H2COH Reactants
0 2
structure for H3CO
0 2
structure for H2COH
Gaussian QST3

3.4

Gaussian User's Reference
Opt=ReadFC ( ) checkpoint

11 66



% Chk= filename

Opt=CalCFC
Opt=CalcAll
MaxCycle
Checkpoint Opt=Restart
Geom=(Check Step=n)
Checkpoint n
3.5
31 3 01a(180) 3 01b(0)
CCH 180
0. 0.003Hartree 0
3.2 3 02a(0) 3 .02b(180) 3 02c (acteald )
ocCcC 0 180 0
180 0.003Hartree 0
0.027hartree
3.3 3 03
34 3 04
STO-3G  3-21G SCF=NoVarAcc
3-21G STO-3G
35 3 05a(C6H6) 3 05b (TMYS)
6-31G(d) B3LYP HF 6-311+G(2d p)
%Chk=NMR
#T B3LY P/6-31G(d) Opt Test
Opt
mol ecul e specification
--Link1--
%Chk=NMR
%NoSave

#T RHF/6-311+G(2d p) NMR Geom=Check Guess=Read Test

12 66



NMR

charg & spin
TMS
T™MS Benzene
188.7879 57.6198 131.2 130.9
3.6 3 06a(PM3) 3 06b (STO-3G) 60
C60 6-6
C60 PM3 HF/STO-3G

C-C
Opt=AddRedundant

6-6

MNDO PM3 HF/3-21G
HF/STO-3G 6-6

Raghavachari

[

[

[

3.7 3 07 11

SiH4 --> SIH2 + H2

3.8 3 08
2 2 2]

13

Opt=(QST2 AddRedundant)

Opt
Opt=Cartesian
Opt=Z-Matrix

66
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. ( )
®
®
®
4.1
HF
Mol ler-Plesset (MP2) CASSCF (CASSCF)
Freq
4.1 e4 01
#RHF/6-31G(d) Freq Test
Gaussian
4.1
1 2 3 4
Bl B2 Al Al
Frequencies --- 1336.0041 1383.6449 1679.5843 2028.0971
Red. masses --- 1.3689 1.3442 1.1039 7.2497
IR Intensities --- 0.3694 23.1589 8.6240 150.1861
Raman Activities --- 0.7657 45170 12.8594 8.1124
Depolarizations --- 0.7500 0.7500 0.5908 0.3281

HF

(

B3LYP)

10%-12%

14 66



HF

HF/3-21G

HF/6-31G(d)

M P2(Full)/6-31G(d)
MP2(FC)/6-31G(d)
SVWN/6-31G(d)
BLY P/6-31G(d)
B3LY P/6-31G(d)

Standard

Center Atomic

Number Number

1 6

2 8

3 1

4 1

Atom AN X
1 6 017
2 8 -0.04
3 1 -0.70
4 1 -0.70

0.9085
0.8929
0.9427
0.9434
0.9833
0.9940
0.9613

orientation

X Y
0.000000 0.000000
0.000000 0.000000
0.000000 0.940000
0.000000 -0.940000

Y Z
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

15

0.8929

0.9409
0.9135
0.9646
0.9676
1.0079
1.0119
0.9804

-0.542500
0.677500

-1.082500

-1.082500

YZ

66
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X 1189cm-1(

298.15K  latm

Tempeature 298.15 Kelvin - Pressure 1.00000 Atm
Atom 1 has atomic number 6 and mass 12.000

Molecular mass 30.01056 amu

Gaussian

E(Thermal) Ccv S

KCAL/MOL CAL/MOL-KELVIN  CAL/MOL-KELVIN
TOTAL 20.114 6.255 52.101
ELECTRONIC 0.000 0.000 0.000
TRANSLATIONAL 0.889 2.981 36.130
TOTATIONAL 0.889 2.981 15.921
VIBRATIONAL 18.337 0.294 0.049

Freg=Readl sotopes

temp pressure [scale]
isotope for atom 1
isotope for atom N

K

400 3.0

12
16

16 66



(Zero Point Energy) (Thermal Energy)

oK

Freg=Readl sotopes

Read| sotopes

Temperature 298.15 Kelvin Pressure 1.0000 Atm

Zero-point correction= 0.029201
Thermal corection to Energy= 0.032054
Thermal correction to Enthalpy= 0.032999
Thermal correction to Gibbs Free Energy= 0.008244
Sum of electronic and zero-point Energies= -113.837130
Sum of electronic and thermal Energies= -113.834277
Sum of electronic and thermal Enthal pies= -113.833333
Sum of electronic and thermal Free Energies= -113.858087
EO E H G

EO=E(elec) + ZPE

E=EO + E(vib) + E(rol) + E(trandl)
H=E + RT

G=H-TS

Exact polarizability 6.478 0.00012.979 0.000 0.00017.641
Approx polarizability  6.257 0.000 10.136 0.000 0.000 16.188
XX Xy Yy Xz yz zz
(lower tetrahedral order)

4.2

17 66



)
n n
IRC
0
0 Opt=QST2 QST3
QST2
4.2 e4 02a(0) ed4 02b(180) e4 02c(cis) e4 02d (TS)
C3H5F
(HCCH 0) (HCCH
180)
trans(0) -215.92046
trans(180) -215.91694
cis -215.92147
180 0 2.5kcal/mol CcC
180 Cs A A"
A" -226

eigenvector of the Hessian

18 66



All

CASSCF

41

4.2

Cs

cC
-1517
-215.76438 86.6lcal/mol
4.6
4 01a(180) 4 01b(0)
HOCC 0 180
0
CCOH 90

4 02a 4 02b

Atom AN X Y Z

0 N O O A W DN P

4.3

L = e e

0.00 0.00 0.02
0.00 0.00 0.02
0.00 0.00-0.03
0.00 0.00 0.01
0.00 0.00-0.01
0.00 0.00-0.13
0.00 0.00 0.57
0.00 0.00 0.81

4 03a(C2H4) 4 03b(C2H3F) 4 03c (C3H6)

19 66



4.4 4 04a(C2H40) 4 04b (C3H50) 4 04c (CNH30) 4 04d (C3H60)
4 04e (C2H3CIO) 4 04f (C3H602)

45 4 05a 4 05b

46 4 0a(min )4 06b(TS)C3HSF 1 3
4.2 1- 1 3

3-

( 1 3 ) UHF
Opt=(TS CalcFC)

20 66



Gaussian

5.1
H 1s
C 1s 2s 2px 2py 2pz
STO-3G ( )
3G STO Slater
Slater
5.2
H 1s 1s
C 1s 2s 25 2px 2py 2pz 2px' 2py" 2pzZ
zeta Dunning-Huzinaga (D95)
5.3
d
Y
6-31G(d)
d
6-31G*
Y
d 6

d(x2) d(y2) d(z2) d(xy) d(xz) d(yz)

21 66

STO-3G

6-311G

6-31G

6-31G(d p)

3-21G 6-31G

6-31G**



d(z2-r2) d(x2-y2) d(xy) d(xz) d(yz)

54 (Diffuse Functions)

s P

6-31+G(d) 6-31G(d) 6-31G++(d)

5.1 e5 01
6-31G  6-31+G

2.5
6-31G(2d)
6-31G d 6-311++G(3df 3pd)
d
f p d
HF
6-311+(3df 2df p)
d f d
f
5.2 e5 02
B3LYP
6-31G(d) 6-311G(d) 6-311G(2d) 6-311G(2df) 6-311G(3df)
1.4986 1.4914 1.4818 1.4796 1.4758
1.476.
5.6
(ECP) LANL2DZ

22 66



STO-3G [H-X€]
3-21G [H-X€]
6-31G(d) 6-31G* [H-CI]
6-31G(d p) 6-31G** [H-CI]
6-31+G(d) [H-CI]
6-31+G(d p) [H-CI] p 6-31G(d p)
6-311+G(d p) [H-Br] ZETA 6-31+G(d)
T
6-311+G(2d p) [H-Br] 2df
1p
6-311+G(2df 2p) [H-Br] 2d If
2p
6-311++G(3df 2pd) [H-Br] 3d If 2p
1d
5.1 5 01 HF
0.917. MP4 ( )
6-31G(d) 6-31G(d p) 6-31+G(d p) 6-31++G(d p)
0.93497 0.92099 0.94208 0.92643
6-311G(d p) 6-311++G(d p) 6-311G(3df 3pd) 6-311++G(3df  3pd)
0.91312 0.91720 0.91369 0.91739
6-311G

5.2 5 02

HF LANL2DZ
5.3 5 03a(C6H6) 5 03b(TMYS)

B3LYP/6-31G(d) HF

TMS Benzene Reative

HF/6-31G(d) // B3LY P/6-31G(d)

HF/6-31G(d p) // B3LY P/6-31G(d)
HF/6-31G+(d p) // B3LY P/6-31G(d)

195.120 72.643 1225
196.625 72913 123.7
196.064 72.494 123.6

66



HF/6-31G++(d p)// B3LYP/6-31G(d) 197.138 72.744 124.4
HF/6-311G+(2d p) // B3LYP/6-31G(d) 188.788 57.620 1312

130.9.
5.4 504N N
HF STO-3G 6-31G(d) 6-31++G(d p)
STO-3G !
5.5 5 05

GFPrint

5.6 5 06 6-31G(d) 6-31G+
6-31G+ ( ) 6-31G(d)

24 66



CPU

6.1
AM1 PM3 MNDO Gaussian
AMPAC MOPAC HyperChem Spartan
[
) HF
DFT
o
[
6.1 e6 01 TPP

(TPP) AM1

6.2 e6 02 HF
AM1 PM3 HF/6-31+G(d) MP2/6-311++G(2d 2p)

AM1 PM3 HF MP2
R(H-F) 0.83 0.94 0.92 0.92
R(H4-F2) 2.09 1.74 1.88 1.84
R(F-F) 2.87 2.65 2.79 2.76
A(F-H4-F) 159.3 159.8 168.3 170.6
A(H3-F-F) 143.8 143.1 117.7 111.8

AM1
HF MP2 PM3
HF 20 HF

25 66



6.2 SCF

HF HF HF
HF
SCF
Hartree-Fock Gaussian
® Moller-Plesseat MP2 MP3 MP4 MP5.
MP2 MP3 MP4 MP4SDQ) MP2.
® Cl QCISD QCISD(T) QCISD(TQ) QCIsSD
® 6.3 ( ) ( ) CCD
CCSD CCsD(T)
® Bruecker BD BD(T) BD(TQ)
SCF MP2 MP4 QCISD QCISD(T)
Hartree-Fock
Hartree-Fock

6.3 e6_ 03 HF

HF SCF
HF/STO-3G 73.9
HF 97.9
MP2 144.9
MP3 137.9
MP4(SDTQ) 141.8
QCISD 138.8
QCISD(T) 140.6
141.2
6-311++G(3df  2pd)
HF
M Pn
MP2
MP2

26 66



MP2 MP M P4
MP3 M P2
MP3 MP5 MP4  MP2 MP2
MP
MP
HCN CN- CN
MP2 -91.82033 -91.07143 -91.11411
MP3 -91.82242 -91.06862 -91.12203
MP4 -91.82846 -91.07603 -91.13538
MP5 -91.83129 -91.07539 -91.14221
MP6 -91.83233 -91.07694 -91.14855
MP7 -91.93264 -91.07678 -91.15276
MP8 -91.83289 -91.07699 -91.15666
Full CI -91.93317 -91.07706 -91.17006
dE<0.001 at MP6 MP6 MP19
Full CI-MP4 -2.96 -0.65 -21.76
(kcal/mal)
STO-3G HCN CN- MP MP6
0.001 CN MP19 0.001
6.3 (Coupled CLuster) (Quadratic
ConfigurationInteraction)
QCI MP4
Gaussian CCSD CCSD(T) QCISD(T) QCISD(TQ)
6.4 e6_04
QCl
MP2 QCISD  QCISD(T)
R(0-0) 1307 1311 1298 1.272
A(O-0-0) 1132 1146 1167 116.8
0.01-0.01 1-2
QCISD(T)
(Density Functional Theory Methods DFT)
DFT HF

27 66



MP2

DFT -
) Slater  Xapha
VWN
[ (Gradient-corrected functionals)
1988 Becke
Lee Yang Par LYP
Gaussian BLYP Perdew
Perdew86  perdew-Wang 91 Hartree-Fock
Gaussian B3LYP B3PWO9l
6.5 €6 05a (HF) e6 05b (SVWN) €6 05c (SVWN5) e6 05d (BLYP) €6 05e
(B3LYP) e6 05f (B3PW9l) €6 05g (MP2)
Hartree-Fock
R(C-O) DO(kcal/mal) dE
HF 1.143 2347 147.2
SVWN 1171 4721 -90.2
SVWN5 1172 464.2 -82.3
BLYP 1183 3928 -10.9
B3LYP 1169 3778 4.1
B3PW91 1180 391.0 0.9
MP2 1162 378.8 3.1
1162 3819
6-31G(d)
MP2 B3PW91

6.6 e6_06 F3-

DI5V+(d) Fs
R
HF 1646 501 315 522i
SVWN5 1706 448 278 524
BLYP 1777 390 255 477

28 66



B3LYP 1728 425 268 441
MP2 1.733 392 251 699
440+-10 260+-10 535+-20
DFT MP2 HF
SVWN5
6.4
(N) O V)
(N4=N~"4)
CPU CPU
SCF N4 N2 N4 N3.5 N3.5
SCF N* N2 - N%’ N2
MP2
ON* N2 N* ON* N*
ON* OVN - O2N? N?
ON* N2 VN? O2N? VN?
MP2
ON* N2 N* ON* N*
ON* N3 - O2N? N?
ON* N2 N3 O2N? N3
MP4 QCISD(T) O3V4 N? N* o3Vv4 N*
Cl CPU ((O+V)!/OIV1)2
6.5
6.1 6 0la(AM1) 6 01b (PM3) 6 0lc(HF) -
AM1 PM3 HF/6-31G(d) -
AM1 PM3 HF/6-31G(d) M P2/6-31G(d)
+1.76 -047 -0.63 -2.02 -1.64
AM1
6.2 6_02a ( ) 6_02b (HF)
AM1 PM3 HF/6-31G(d)
153 167 365 ~3.4
HF
6.3 6 03 6 03x

29 66



PM3 HF
MP2
B3LY P/6-31G(d) MP2
6.4 6_04 FOOF
FOOF
OF MP2 CCSD
QCl
B3LY P/6-31G(d) CCSD
6.5 6_05a 6 05b

MP2 MP2

6.6 6_06a~6_06e
HF MP2
B3LYP QCISD

6.7 6_07a~c M+F3-
HF MP2

Cs K DFT
B3LYP

6.8 6 08

HNCN
Density=Current
QCISD QCISD

6.9 6_09

Cl+03-->ClIO + 02

30 66



2kcal/mol
QCISD(T)
G2 CBS4 CBSQ

7.1

PH2
E(P)+2(EH())-R(PH2)
7.1 e/_01PH2
B3LY P/6-31G(d) ( 0.9804) B3LYP/6-31+G(d
p)
148 3kcal/mol 144 7 3.6kcal/mol
PH2 1.24eV 1.26eV 0.02eV
0.5kcal/mol
9.95eV 9 82eV -0.13eV  -2.9kcal/mol
185.9kcal/mol
187.1kcal/mol 1.2kcal/mol

31 66



7.2

7.3 G2 (Molecule Set)
G2 55 38 25 7
°
°
°
°
°
° C-F
°
°
7.4
(AM1) HF MP(MP2) DFT(B3LYP SVWN)
° B3LYP/6-311+G(3df 2df 2p)/B3LY P/6-31G(d)
°
) Hartree-Fock
B3LYP
° B3LY P/6-31G(d) B3LYP
) HF/6-31G(d)
HF B3LY P/6-31G(d) B3LY P/6-31G(d)

32 66



° B3LY P/6-31G(d)

[ AM1 B3LYP
7.5
Gaussian-n
Gaussian-1 Gaussian-2
Gaussian-1  Gaussian-2
Gaussian-1 (G1)
HF/6-31G(d)
0.8929
MP2(Full)/6-31G(d)
Ebase
MP4/6-311G+(d p)
dE+
MP4/6-311G(2df p)
dE2df
QCISD(T)/6-311G(d p)
dEHL C=-0.00019na + -0.00595nb
beta

G1
EG1 = Ebase + dE+ + dE2df + dEQCI + dEHLC + ZPE

EGL QCISD(T)/6-311+G(2df p)
G2
Gl
MP2/6-311+G(3df 2p)
dEG2 = dE+2df - dE+ - dE2df + dE3d2p
Gl 2df MP2

dEG2=E(8)-E(5 MP2)-E(4 MP2)+E(3 MP2)

Gl dEHLC 0.00114nb
G2 EG2=EG1 + dEG2 + dHLC
75 67 05PH3 (PA) G2

33 66

HF/3-21G

(CBS)

ZPE

MP4/6-311G(d p)

dEQCI

na nb apha

dEG2

dHLC



Gl G2 G2(MP2)
PA 186.10 186.14 186.80 187.1
CPU 6824 829.1 6075
G2(MP2) G2 2kcal/mol
G1 1.53 7.4
G2 1.21 4.4
G2(MP2) 1.58 6.3
G2 G2(MP2)
G2
(Complete Basis Set Motheds CBYS)
G2
o
0.001Hartree SCF 6 MP2
2 CBS
® CBS
CBS HF MP2
CBS4 CBS-Q
HF/3-21G(d) M P2/6-31G(d)
ZPE( ) HF/3-21G(d) (0.91671) HF/6-31G (0.91844)
SCF HF/6-311+G(3d2f 2df p) HF/6-311+G(3d2f 2df 2p)
MP2/6-31+G MP2/6-311+G(3d2f 2df 2p)
CBS >=5 >=10
MP4(SDQ)/6-31G MP4(SDQ)/6-31+G(d(f) d f)
QCISD(T)/6-31+G
CBS-4 CBS CBS-APNO
7.6 e7_06 PH3 CBS
CBS4 CBSQ
PA 189.25 186.24 187.1

66



CPU 256.7 708.7
CBS G2
CBS4 198 7.0
G2(MP2) 1.58 6.3
CBSQ 101 3.8
G2 1.21 4.4
2kcal/mol
7.1 7 0la~d CBS4
7.2 7 _02a~c
6.9

dH CPU
G2 -33.1 61723
CBS4 -414 11094
CBSQ -384 33844

-39.1

CBSQ

35

CPU
PH3 F2CO
1.0 1.0 1.0
24 10.3 115
2.8 8.4 12.7
3.2 25.9 59.1
CBS4 CBSQ

SiF4

66
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8.1

8.1 e8 0la €8 0lb

29% 1%
7% 88%

B3LY P/6-31G(d)

Visualizing Results from Gaussian

8.2

8.2 e8 02

NO?*

70%

1%

HF/6-31G(d)

Gaussian

H+ + H20 --> H30+

dH298.
dH298 = dE298 + d(PV)

dE298 = dEeD + d(dEe)298 + dEVO + d(dEV)298 + dEr298 + dEt298

66



dEe0 OK
d(dEe)298 OK 298K
dEvO OK
d(dEv)298 OK 298K
dEr298
dEt298
d(PV)
dEe0
B3LY P/6-31G(d)
H+
)
dH298=-163.3kca mol
8.3
Hy
aH, c
. / . ] Hab
\, T
()
H2b-C-H3b
MP2  QCISD
! Cs
10kcal/mol
®
)
®
IRC

HF

37

PV=-RT

aHz
N

aH3

H1

66

B3LY P/6-311+G(2df  2p)

0

1.5RT =0.88%ca mol

-165.3+-1.8kcal/mol

Hy

C/C\ C/Hgb
\

Hab
()

Cs
HF/6-311++G(d p)

HF

(



8.4

Gaussian
#T UMP4/6-311+G(d p) Scan Test
CH PES Scan
02
C
H1R
R 0.5400.04

CH

MP2

8.5

IRC

IRC

IRC

Gaussian IRC IRC

IRC

38
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HF

scan

IRC



IRC

IRC

M axPoints

8.6

Gaussian
H2 CO

H2CO <--> CO +H2
H2CO <--> HCOH

HF/6-31G(d)
SCF
H2 -1.12683 0.00968
CO -112.73788 0.00508
H2 + CO
H2CO -113.86633 0.02668

® |RC

8.3 e8 03 CH20 -->H2+ COIRC
CHH
CacFC) CacFC
SCF

0.01774(

39 66

-1.11716
-112.7280
-113.84996
-113.83966

OCH

-113.69352

) -113.68578

Opt=(TS



IRC

IRC
[ (IRC=RCFC)
[ IRC (IRC=CalcFC)
IRC
C-H C-O
IRC
(kcal/mal)
-113.67578
-113.83966 102.8( )
-113.84996 109.3( )
IRC IRC
1 2
-113.75709 RHF/6-31G(d)
-113.67941
IRC HCOH H2CO
100.6( ) 48.7( )kcal/mol
IRC

66



8.7 (Isodesmic Reactions)

8.5 €8 05

®  HF/6-31G(d)

)
° B3LYP/6-311+G(3df 2p)
-9.95kcal/mol -9.9+-0.3kca/mol
8.6 e8 06

CO2 + CH4 --> 2H2CO

dHcalc = 2 EO(H2CO) - (EO(CO2) + EO(CH4))
dHf(CO2) = -(dHcalc - dHf(CH4) + 2dHf(H2CO))
-16.0 -25.0kcal/mol(0K)

60.64kcal/mol
-94.64kcal/mol -93.96kcal/mol
[
[
[
[
8.7 e8 07
M P2/6-31G(d)//HF/6-31G(d)
+ > +
+ ->2
6 SiF4 MP2/6-31G(d  p)//HF/6-31G(d)

SH4 +F2 -->2H2 +SiF4 (i)
SiH4 +4HF-->4H2 +SiF4 (i)
SF3H +HF -->SiF4 (iii)
SiIF2H2 + 2HF -->2H2 + SiF4  (iv)
SIFH3 +3HF-->3H2 +SF4 (v)
SiH4  +4F2-->SF4+4HF  (vi)
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-20.0+-0.1 kcal/mol

-17.361
-22.258
SiF4 -386.0+-0.3 kcal/mol
0] -375.983
(D) -366.588
(iii) -380.506
(iv) N/A
(v) -376.112
(vi) -385.379
5kcal/mol
SiF4
20kcal/mol
8.8
8.1 8 Ola~c

Li+ + H20 --> H20Li+ at 298.15K
H20 + H20 --> (H20)2 at 373K
-34.0+-0.2kcal/mol  -3.6+- 5kcal/mol
B3LYP/6-311+G(2df 2p)//B3LY P/6-31G(d)
298.15K 373K

%Chk=water
#T RHF/6-31G(d) Freg=Read|so

--Link1--

%Chk=water

%Nosave

#T RHF/6-31G(d) Geom=Check Freq=(ReacFC Readlso) Guess=Read Test
373.01.00.9135

16
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-34.0kcal/moal Li+
1.5RT( ) DFT
Opt=CalcAll

-2.9kcal/mol
8.2 8 02a 8 02b
CH
CH UMP4/6-311+G(d p) 0.2-2.5A
CH4 RQCISD(T)/6-311++G(d p) 75-3.15A
UQCISD(T EAT)/6-311++G(d p)
UQCISD EAT MP4(SDTQ) MP4
MP4(SDQ)

|OP(2/16=1)

Guess=(Always Mix) HOMO LUMO

° HF MP2 MP4 QCISD(T)

° QCISD
CH UHF HF MP2
MP3  MPA(SDTQ)
CH4 UHF MP2
QCISD MP4 QCISD(T) MP4(SDTQ)
RHF
QCISD(T)

8.3 8 03 H2CO
H2CO

<--> <--> +



HF/6-31G(d)

HCO COH 9
Opt=QST3 IRC

<> 258 205
<> 680 1316
H2CO
8.4 8 04
Mulliken

Muliken ( )
Natural (Pop=NPA)
CHelpG Breneman

Merz-Kollman-Singh
MP2/6-31G(d)
Geom=CHeckpoint
Density=(Checkpoint MP2) Density=MP2 MP2
HF

Mulliken
Natural
CHelpG MKS

8.5 8 04
CH2 CH
Mulliken NPA CHepG MKS
CH +0.18 -005 -0.10 +0.09
CH2 +0.41 +0.52 +047 +0.45
8.6 8 06
(theory of atoms in molecules)
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Gassian AIM
AlM=BondOrders
14 0.9.

8.7 8 07 Si+
(SiH4)

Si+ + S H4 --> Si2H2+ --> Si3H4+ --> SiI4H6+ --> S 5H10+ ......

H H
\ \\\\\\H H

Si .+ +
h \ * S SN H
H

Krishnan Raghavachari

H H H H H H2
\ \ \ / \ /|
Si-H......S Si-Si Si-Si Si--Si
/] /] \ / \ /
H H H H H H H S
SiHA4.....S+ H3S.....SH+ H2S.....SiH2+ H2Si-Si+......H2
1kcal/mol

H H-H
\/\|
/
H

HF/6-31G(d) IRC MP4
IRC

IRC=(RCFC StepSize=30 MaxPoints=15) SCF=QC
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* IRC
* |IRC
* UMP4/6-31G(d  p)

H3Si-SiH+  H2Si-Si+.....H2

8.8 8 08

CH3COX + H3CCH3 <--> CH3COCH3+ CH3X

X=H F Cl
B3LYP/6-311+G(3df  2p)//B3LY P/6-31G(d)

995 1671 7.14 9.9+-0.3 17.9+13 6.6+03
HF MP2
AM1 HF

8.9 8_09a~b

CHF3 + 2CH4 --> 3CH3F
C6H6 + 6CH4 --> 3C2H6 + 3C2H4
-54.27  23.89 -55.9+-2.0 24.0+-0.2
8.10 8_10 SN2
SN2 Cl-+H3CF --> CICH3+F-

IRC

46 66
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Gaussian (Configuration Interactionapproach)
Hartree-Fock Cl-Singles

Hartree-Fock Cl-Singles

9.1

CIS Cl-Silgles
U
ClIS=(Root=n) 1
CIS=(NStates=n) 3
CIS=50-50 Triplets
Triplets NStates
ClS=Read
Guess=Read = Geom=Check
Density=Current

Pop=Reg
9.1 €9 01
Modern Mulliken
1 3 Blu T pi-->pi*
2 3 B3u TR pi-->3s
3 1 B3u R pi-->3s
4 1 Blu \Y, pi-->pi*

#RCIS=(NStates=2  50-50)/6-31+G(d) Test
50-50
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Excited State 1 Triplet-B1U 3.7768eV 328.27 nm f=0.000

8-->11 0.52952

8-->17 -0.45942
This State for optimization and/or second-order correction
Total Energy E(Cis) =-77.8969983928

Copying the Cisingles density for this state as the
1-particle RhoCl density

1 2 3 4
3B1u 3B3u 1B3u 1B1u
3.78 7.43 7.83 7.98
4.36 7.66 6.98 7.15

9.2

Gaussian

9.2 e9 02

%Chk=es form
#T RCIS/6-31+G(d) Test
Formal dehyde Excited States
01
Ground sate molecule specification
--Link1--
%Chk=se_form
%NoSave
#T RCIS(Root=1 Read)/6-31+G(d) Opt Freq Geom=Check Guess=Read Test

9.2



9.1 9 01

(nm) (ev)
309 1B2 401 0.2
242 1B1 5.12 0.01
206 1A1 6.02 15
H H
\ /
I
/\
C——=C
0 ~y
1A1 1B1
206
MP2/6-31G(d)

# RCIS(NStates=5)/6-31+G(d) Density=All Test

(eV)
1 1B2 5.48 4.01 0.05
2 1B1 591 512 0.02
3 1A2 6.30 0.0
4 1B1 6.38 0.03
5 1A1 6.41 6.02 0.37
Cl c2 C3 C4
SCF -2.39z -05 -0.2 -0.1 -0.1
Cl 1-Particle 4.75z -0.004 -0.06 -0.4 -04
Cl 256z -0.2 -0.2 -0.3 -0.3
Cl 1-particle
Density=Cl Cl-Silgles Density=Current
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9.2 9 02

C

O1RCO
X11.02ACO
H1RCH3ACH2 90.
H1RCH 3ACH 2 -90.

RCO=1.25
RCH=1.08
ACO=145.0
ACH=60.
0.8929
495 442
CH2 978 873
CH2 1426 1273
CO 1647 1471
CH 3200 2857
CH 3295 2942
9.3 9 03
9.4 9 Oda-b
Cl-Singlets
Cl-Singlets
*
*
9.5 9 05a~b CASSCF

CASSCF(Conplete Active Space Multiconfiguration SCF)

50

683
898
1290
1173

2847
2968
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9.3 9.3
CASSCF SCF SCF
CASSCF
CASSCF (Active Space)
Cl HOMO
HOMO LUMO
CASSCF(4 6) HOMO (4 )
4 LUMO
Guess=Alter Guess=Only / Pop=Full
CASSCF UHF/STO-3G
Pop=NaturalOrbitals
CO pi
pi
6-31G(d) CASSCF
[ CASSCF6 5 UNO)/STO-3G Guess=(Read Alter)
[ STO-3G 6-31G(d)
[ 6-31G(d)
1 Geom=Check NRoot=2

[ CASSCF(6 5)/6-31G(d)
CASSCF

CASSCF

%Chk=acro_cas

#T UHF/STO-3G Test Pop=Natural Orbotals

UHF ontriplet acrolein at CAS(6 5) 6-31G(d) geometry

03

molecule specification
--Link1--
%Chk=acro_cas

#T CAS(6 5 UNO) Guess=(Read Only) Test Geom=Check

51

66



Orbital Symmetries
Occupied (A") (A) (A) (A) (A) (A") (A) (A) (A)
(A) (A) (A) (A") (A) (AY)
Virtual - (A") (A7) (A7) (A) (A) (A) (A) (A)
4
6 13 15
15 2px  2py

6 13
%Chk=acro_cas
#T CAS(6 5 UNO)/STO-3G Test Geom=Check Guess=(Read Alter)
CAS6 5Usingtriplet UNO orbitals

03
I Bring A" into the active space
613
CASSCF
CASSCF CASSCF
--Link1--

%Chk=acro_cas

#T CAS(6 5)/6-31G(d) Test Geom=Check Guess=Read

CAS6 5inextended basis set

03

--Link1--

%Chk=acro_cas

#T CAS(6 5 NRoot=2)/6-31G(d) Test Geom=Check Guess=Read)
Singlet n-pi state (should have similar orbitals)

01

--Link1--
%Chk=acro_cas
%NoSave
#T CAS(6 5)/6-31G(d) Test Geom=Check Guess=Read
Ground state starting from excited state orbitals
01
4.035eV 3.71eV
9.6 9 06a~d CASSCF
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( )
1Bu pi HOMO LUMO

1Ag HOMO LUMO
1Bu 1Ag 1Ag
) RHF/3-21G 4 6
pi A2 B1 ( )
(State Average)d 4 CAS
CAS
NRoot
NRoot=3 =0.333333. 3-21G
4-31G 6-31G(d) 6-31+G(d)
#P

VERTOR EIGENVALUES CORRESPONDING EIGENVECTOR
1 -154.87477374 0.95038483 -0.32993992E-0O1 ............

4 4CAS
PRIMARY BASISFUNCTION=1 2 1 2

2 SYMMETRY TYPE=0
2

3 SYMMETRY TYPE=0
3
3

2 3
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* 4 6CAS

[
UHF/STO-3G Guess=Mix Pop=NaturalOrbitals NoSymm

[ CAS 4 ACAS STO-3G
UNO NoFullDiog CASSCF 4-31G
NoSymm
[ CAS Opt=Conical Nosymm iop(1/8=5)
[ 4-31G
1 2
CAS(4 4)/6-31+G(d p) 2 1Ag 11Bu 0.03702
CAS(4 6)/6-31+G(d p) 2 1Ag 11Bu 0.00540
1Ag 1Bu MP2
0.00014Hartree



10.1

(Self-Consistent ReactionField SCRF)
espon

Onsager
a0.
SCRF=Dipole
Tomasi (Polarized Continuum Model PCM)
Onsager
SCRF=PCM
PCM (Isodensity PCM  IPCM)
SCRF=IPCM
(Self-consistentlsodensity Polarized
Continuum Model  SCI-PCM)
SCRF=SCIPCM
Onsager
0
Gaussian SCRF SCRF SCRF
SCRF=Dipole a0(A) epson 29220
SCRF=PCM epson pts/sphere 20 100

55
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SCRF=IPCM €pson 2.0

SCRF=SCIPCM epson 2.0
epson 2.0.
Gaussian  SCRF=Dipole Volume
a0. RHF/6-31+G*
Recommended a0 of SCRF calculation = 2.92 angstrom (5.51 bohr)
0.5
10.1 el0 Ola~b
(epson=2.0) SCRF HF MP2
Onsager (a0=3.65) B3LYP IPCM 6-31+G(d)
IPCM ( 0
Onsager )
SCRF
o IPCM
o IPCM SCF Converfence Achieved
[ Onsager Total energy(include solvent
energy) SCF SCF MP2
SCF
SCF=Tight
HF MP2 B3LYP
-997.03286 -997.55740 -999.02324
-997.02974 -997.55499 -999.02043
Onsager Onsager IPCM
HF MP2 B3LYP
-997.03075 -997.55583 -999.02254
( - )(kcal/moal)
1.96 151 1.76 1.20
1.32 0.99 1.46 0.91
-0.64 -0.52 -0.30 -0.29
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IPCM

10.2 e10-02a~c
359

HF/6-31+G(d)

SCRF
SCRF

Onsager  SCIPCM
3.65.
O-C-H 0.3-04
Bl B2 Al Al Al B2
1190 1227 1489 1792 2829 2896
1167 1249 1500 1746 2782 2843
Onsager 1202 1222 1488 1766 2848 2924
SCIPCM 1205 1223 1485 1757 2860 2934
1247 1503 1723 2797 2876

10.1 10 Ola~c
(epson=10.1) (epson=35.9)
0.31  0.15kcal/mol
Onsager(HF MP2) IPCM(B3LYP) 6-31+G(d)
10.2 10 02
10.3 10 _03a~f
10.4 10_04a~c N- -2- -
Cc=C (epson=9.9)
[ Onsager RHF/6-31G(d)
[
[
[ B3LY P/6-31+G(d) SCRF
[ 21.10kcal/moal
Z- E- 29.54kcal/moal 41.8kcal/moal
10.5 10 _05a~b SCRF
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-0.53kcal/moal

HF/6-31+G(d) SCRF=Dipole -0.13
MP2/6-31+G(d) SCRF=Dipole -0.60
B3LY P/6-31+G(d) SCRF=IPCM -0.39
B3LY P/6-31+G(d) SCRF=SCIPCM -0.10
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Gaussian

Gaussian

Gaussian

BBS
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