FOF EFTHFEER
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§ 4.1 H X FiR

4.1.1 ¥ % F & -FSchrodinger 7 #2 & f#
A AEAR—E T F R T8 R E AR R

he [ 07 o* 0 Ze’
{_2711(@)62 " oy +522j }W(x,y,Z):El//(x,y,Z)

dng,r

B ~ |7 sinf— |+ 0,

Ze’

dne,r

t//(r,<9,¢):Ew(r,(9,¢) KA LAR. T 5 7T K54 K g
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D () =+/1/2me™ m: BETH: 0,11,42, ..., +

Q21+1) (I-|m|)
2 (+|m|)

®lm<9>{ TP/”(cos@)
I: Ae-¥%: 0,1,...,(n-1)
Im| dl+|m|

m 1 B
P"(cos@) = 2l—l!(l —cos’ 0)? PP (cos0—-1) gt se.2

1

3 L ) 2/r
R, (r) = —K 2Zj il DZ} exp(— Ejp’Li’ff (p) P e,

na, ) 2n[(n+1)!] 2
n: £=1%: 1,2...

L(p)=

d2[+1 dn+1 1
d 21+1 e’ - n+l (e_p . 'On+ ) X /& 35 £ Ry
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R ARTHEEBHE R, (r)

7 3/2
( /;lg) (24-36p+12p7 —p’ )e"”

R (1) =2(Z]a,)" e R, (r) =
R, (r)= (Z; f/%)m (2-p)e”” R,,(r)= (Z 3’1)7:2 (20p-10p" + p* )"
R =) e Ro)= 2 (69 pr)e

R, (r)= %(6— 6p+p*)e " R\ () = (iéaﬁ)s 2 Jepe
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X ARTRLE A BRDY,(0,0)

1 5 :
Y =g¢= Y. =d ) Tl T 3 ’ 0—1)=
. = 20 , 16TE( oS ) lé6n  7°
13 / 3z " |
_ - _ 3 _ |3z 15 . 1
Y, =p. A cos 6 A 7 d._ = —Ss1n800s9008¢ L x—f
v o A 4t r
2,*1
( d_ = /—15 sinfcosfsing = b y—f
\/T . |3 x L7 V4 4m r
p.=.|—sinfcosg=,|——
v = 4r 4t r ( 15 15 x
11 3 . 3y d_ =.|—sin’ Osin2¢ = —
P, =,[-—sinfsing =, |—= M 4n 4m 1
L 47’[ 47[ r YZ,iZZ4 15 15 xz_ 2
d, ,= ‘/—sin2¢90082¢= 2y
| 16T lor  r
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SUnlm= Rnl(r) Ylm(e’¢) = Rnl(r) @lm(amm(@
Z R HE, RTHE

2p,

2
(ZThFEELTH —%—P’ﬂ\%ﬁ%@ﬂ» FOFFEF ’%%%—%—"%‘iﬂ http://struchem.nankai.edu.cn



4py
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3d

yz
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4d

XZ




$8%
s ew

(x2 -»2) (x2 32) (3x2 -»2)
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41.2. Z TR F/HTH R FA
Schrodinger 77 #2 T ik ¥ 44 K R — L DA iR

N

H = +K +VNe+

VQsz o €D

HR—REERAM FHK

RERESH, RAWRABIG

(ETFTRFERFHAFE/HTER) $Q9FFHWE w-F /54 A http://struchem.nankai.edu.cn

2m, ,



413 o REAAKME L&

j¢*ﬁ1¢dr> .
[p'par "

p=cy,+tc,w,++cy, :Zciwz‘ *@%#iﬂ/ﬂitﬁlﬁ
i=1

H,-S.E H,-S,E - H,-§,E|c 0
Hy, -SyE Hy-Sy,E - H, -5,FE|c, 0

: : : : 1o
H,-St H,-S,E - H -S FE)c 0

n = SwEAC, A A
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4.1.4 Wik
¥ HE 55 5 R i 3 A~ R B AN A _E 374
H=H+H'
S BB Aol oy B AT 4 E R LT WL

T o kAo B % T AR M Schrodinger 7 A2 £F 2| 34 404 8 & fo 3 F) 3

4.1.5 ¥ -F A e fe BT AR E & F—Slater T 7] X,

FALO B 21 () BT Sv ()
\P:L 12 1.2 .. xy(@)

JNU : :
X(N) 2, (N) .. xy(N)
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4.1.6 BT ¥ 4%

K& : 1au(l Born)=a,=h*/4r’m €=0.529177A
(Borh¥1%)

BRE: 1 au=m =9.109534x103kg(€.F# i =)
w4 1 au=|e|=1.6021892x10"°C(¥®F % 7T)
fe®: 1 au(Hatree)=27.2166eV=627.51kcal mol-!
ERTEAZH T, hi2r=1.
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§ 4.2 Hatree-Fock B 4 3% (SCF) # i

.8 ke
WFZ B HEFOESRYEFERAEAZEA PO

3

7 A%,

FAE R o

% & % & -FSchrodinger 7 A2 LA £ & F

L-/]\‘

2w, -F 5 AL iR

AAc>

A ‘%%/ﬂi liléi—gbk,

A —NCTEITALCETHG TEI N 4FIE
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yAdr(c) B % 3(self-consistent field) 7

1928 Hatree#uitl {1 ik &9 & A2«

B/ T A AR AT I T A
Heyldr, CIHFiINCTEHFREN

: 2 2
i(-e) e ‘%‘ dr,
g 4re,r;

70 sje T H A EANAZARS, A

2

V() =Y [~y [ de, cmorermAj L

J# 47?‘907/1‘]
V(r) 8 Wy, W Wy Yoo - KT FE
V(ry) &y, Wy W Yoo R IT
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Fi-w % #9Schrodinger 7 42 4 :
2

ﬁi% = _EV _—+ZJ
];tz

4 ‘W ‘ dT W, =€, ¥, Hartree 4%
2o 7'

i

‘317\‘4"»‘%’“%1&4’1 St Y 3y o) BAF RS F B, ﬁ’%‘%/\x&réﬁ@ﬁ I
N5, FFRFEZ2mHartree 742, A XK@H 7 EKME, KBETAE:

BRANEETERE YO, y,O, ..., w OFAHEZRHE;

KBEELTHUr);

K EnA~# & F Schrodinger 7 #21F 2| — L K & w, D, y, O, ..., w VR B EE,O,
E®O, ..., E ;

KRG B H O, O, ..., y OB FE,C,EO, ... EO,.. LK)
HRRKFWERE ’5_t*‘%&1+ﬁ-ﬁ'3:» REEWEAAFNRETLE AN L)
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[Choose a basis set ]

\

‘Choose a molecular geometry

Y
Compute and store all overlap, |

, > Guess initial density matrix P©
one-electron and two-electron integrals ’ (
)
> Construct and solve Hartree-Fock secular equation’
Replace P with P™ -¢ . .
p Construct density matrix from occupied MOs ’
v
No } . . (n) .
Is new density matrix P sufficiently
Choose new geometry similar to old density matrix P(ll-l) ?
according to optimization
algorithm Yes
o
No ‘Optimize molecular geometry? ’
A/Yes No
Does the current geometry
satisfy the optimization criteria? —
l Yes ‘Output data for unoptimized geometry

‘ Output data for optimized geometry ’
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RIHER:

— XA EARTFTHRAMNGBEBREE., FZRT
K&, K FSlaterd® i 892 | & 69 1 £/ X

R, (r)= (2g)"+1/2[(2n)!]—1/2rn_le_g -

REHRS, BARTEAABTHMRAR.
Slater® $Li# (STO: Slater-type orbital)
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TR A
F /A 8 PE B R B Pl 6 & A X (LCAO—

Linear combination of atomic orbitals). 3% -F 8 i@ F AR AL

% & (basis function), — AR FTHiE. RETHRET KB

WRELFRKEEN—EE Z Ko

Roothaan 7 4#2: Fock#E[%TH

K K 1

o= 4 232 v 20) = i v0)

1=] o=

1 o=1
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"’\, 5t F R TRy HE, 7#]‘%%7:‘«7’&—

Q Mk H (ab initio)7 i%: FSTO—-GTOH FT#4, XH
J£ f#Shrodinger 7 A2 F , AR B T AN T R M 3T
TRy EMATHE, REERLDETIRS

O ¥ %2 3 (semi-empirical) 7 & : 3 — AR50 E A A H AR
HERELZE, Bm T HitH
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§ 4.3 Ak HHartree-Fock7F &

4.3.1 44 ~
Slater &lﬁ anm T NsRn (4/9 r))/lm (99 ¢) ,fimmg, %gﬂﬁ EI
R (C,r)=r""exp(=¢{r) He—4%, B4

anlm = Nang (a’ r)Ylm (99 ¢)
R, (a,r)=7" " exp(—ar?)
I 45 Gauss Z 20

i 1/2 42143 ]
(2/7)"72
(2/+1)!

Gaussian H ¥

1/2

K
'Y, (0.0)x Y d 0" exp(-a,r)
k=1

(Xim)ccro =
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0.030

0.6

2 3 . 4 . 5 6
ra,
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1. B K 48, STO-nG, F—ASTO An/NGTOZ P48 4, n=2~6,
STO-3G THTIFT XN, TERLER. H-Xe

BASIS="STO-2G" o
HO Ryro 06 =Cie ™ +Che
S 2 1.00

1.30975638(c.,) 0.430128498(C,)

0.233135974(a ,) 0.678913531(C,)
BASIS="STO-3G" i o o
H O Reo e =Ce ™ +Ce +Cie
S 3 1.00

3.42525091 0.154328970

0.623913730 0.535328140

0.168855400 0.444634540
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BASIS="STO-3G"

OO0

S 3 1.00
130.709320 0.154328970
23.8088610 0.535328140
6.44360830 0.444634540

SP 3 1.00
5.03315130(c,;) -0.099967230(C,,)  0.155916270(C,,)
1.16959610 0.399512830 0.607683720
0.380389000 0.700115470 0.391957390

*kk%
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BASIS="STO-3G"

Clo

S 3 1.00
601.345614
109.535854
29.6446769

SP 3 1.00
38.9604189
9.05356348
2.94449983

SP 3 1.00
2.12938649
0.594093427
0.232524141

*kkk

0.154328967
0.535328142
0.444634542

-0.999672292E-01
0.399512826
0.700115469

-0.219620369
0.225595434
0.900398426

0.155916275
0.607683719
0.391957393

0.105876043E-01
0.595167005
0.462001012

(EFELED)TFHF/»TFEM) FWEHD

FETHFHEA
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BASIS="STO-3G"

BR 0

S 3 1.00
2629.99747 0.154328967
479.057322 0.535328142
129.651607 0.444634542

SP 3 1.00
219.835026 -0.999672292E-01 0.155916275
51.0849322 0.399512826 0.607683719
16.6144055 0.700115469 0.391957393

SP 3 1.00
19.5017311 -0.227763502 0.495151120E-02
5.94864958 0.217543604 0.577766469
2.29517394 0.916676961 0.484646037

D 3 1.00

19.5017311 0.219767951
5.94864958 0.655547363
2.29517394 0.286573259

SP 3 1.00
1.39603749 -0.308844122 -0.121546860
0.515225632 0.196064117E-01 0.571522760
0.227529071 1.13103444 0.549894947

*kk¥*
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2. M LFn % L 48 (double- £ and multiple- ¢ basis)
STEHEANRTHERF2NRE 5 695K HH

3. 2 F 4 # (split-valence 2 valence-multiple ()

N-31G: #Hriia e aEhe, N ESE ANANGTO, AN E
i Al ASSTO() & T, STO-3G#STO-1G.

HPoplei® i, mF AAE, EH5HNHT,
3-21G (H~Cs)AHoFRMEX
6-31G (H~AnNA N9 FEELXR
6-311G (H~Kn)A Mo FR EH4R
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BASIS="3-21G"

OO0

S 3 1.00
322.037000 0.592394000E-01
48.4308000 0.351500000
10.4206000 0.707658000

SP 2 1.00
7.40294000 -0.404453000 0.244586000
1.57620000 1.22156000 0.853955000
SP 1 1.00

0.373684000 1.00000000 1.00000000

*kkk
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BASIS="6-31G"
OO0
S 6 1.00
5484.67170 0.183110000E-02
825.234950 0.139501000E-01
188.046960 0.684451000E-01
52.9645000 0.232714300
16.8975700 0.470193000
5.79963530 0.358520900
SP 3 1.00
15.5396160 -0.110777500 0.708743000E-01
3.59993360 -0.148026300 0.339752800
1.01376180 1.13076700 0.727158600
SP 1 1.00

0.270005800 1.00000000 1.00000000

*dkkk
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4. WAL % ¥ (polarization functions)

e LATA
Hls +0p, Od

XZ

N-31G*f= N-31G**: — A *k FTX &R -Fhedihit K, AAF]
T HAvpihit K3k, S ER T iodiuil HE, MR HHK

(polarization functions)o 3E A KA AT AN, T4 N ZAFHEY
) A Fa I B IR F
6-31G(d)=6-31G* 6-31G(d,p)=6-31G**
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St IR 5T 9 AR B A 5 TR A AR AL & R ARAL g A

/HOH 6-31G 6-31G(d)
HF 111.54 105.63
B3LYP 108.30 103.65
MP2 109.26 103.99
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BASIS="6-31G*"
OO0
S 6 1.00
5484.67170 0.183110000E-02
825.234950 0.139501000E-01
188.046960 0.684451000E-01
52.9645000 0.232714300
16.8975700 0.470193000
5.79963530 0.358520900
SP 3 1.00
15.5396160 -0.110777500 0.708743000E-01
3.59993360 -0.148026300 0.339752800
1.01376180 1.13076700 0.727158600
SP 1 1.00
0.270005800 1.00000000 1.00000000
D 11.00
0.800000000 1.00000000

*kkk
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5. 74 % # (diffuse functions) Gl

HRRERAGFHE RS ARG TN, £TETEEEHKT
MR AR (e F A IRTET, MET. FTAARY AR, &KX
A, REMBAEERS

* 6-314G R TAEERT LBl
* 6-31H+GRTAEMA RT LAwiRig K

¢ 6-311++G@df3pd) H AFHEHAE QEINMHE, TFHTHR
F iR, HER TS ETHRLRHEGEANL, 14M), SFH
e % F AL BAp,14Md)

CZETRFELSTAF/H>TEM) FWFEWEF 2T/ F4EA http://struchem.nankai.edu.cn



RO R E R : RSHFWER A

HF— H + F-
AH
(kcal-mol1)
HF | acid
MP2/6-31G(d) —100.1697 | —99.5242 405.01
MP2/6-31+G(d) —100.1906 | —99.6215 357.15
AAH 47.86
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BASIS="6-31++G"
OO0
S 6 1.00
5484.67170 0.183110000E-02
825.234950 0.139501000E-01
188.046960 0.684451000E-01
52.9645000 0.232714300
16.8975700 0.470193000
5.79963530 0.358520900
SP 3 1.00
15.5396160 -0.110777500 0.708743000E-01
3.59993360 -0.148026300 0.339752800
1.01376180 1.13076700 0.727158600
SP 1 1.00
0.270005800 1.00000000 1.00000000
SP 1
0.845000000E-01 > 1.00000000 1.00000000

*kk%
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BASIS="6-311++G(3df,3pd)"

00
S 6 1.00
8588.50000 0.189515000E-02
1297.23000 0.143859000E-01
299.296000 0.707320000E-01
87.3771000 0.240001000
25.6789000 0.594797000
3.74004000 0.280802000
SP 3 1.00
42.1175000 0.113889000 0.365114000E-01
9.62837000 0.920811000 0.237153000
2.85332000 -0.327447000E-02 0.819702000
SP 1 1.00
0.905661000 1.00000000 1.00000000
SP 1 1.00
0.255611000 1.00000000 1.00000000
D 11.00
5.16000000 1.00000000
D 11.00
1.29200000 1.00000000
D 11.00
0.322500000 1.00000000
F 11.00
1.40000000 1.00000000
SP 1 1.00
0.845000000E-01 1.00000000 1.00000000

*kkk
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[HF/6-311++G(d,p)] = [HF/6-31G]
+ {E[HF/6-31G(d,p)] - E[HF/6-31G]}
+ {[HF/6-311G] - E[HF/6-31G]}
+ {E[HF/6-31 + +G] - [HF/6-31G]}

HF/6-311G(d,p)

HF/6-31++G

HF/6-31G = HF/6-31G(d,p)
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6. A M ¥ (effective core potential —ECPs)
SMEFTENRT(FZAHE), TRARZEZY,
% A A4 LANL2DZ (Los Alamos National Laboratry)
BARGE R ST 5%
D.C. Young, “Computational Chemistry”

— R #r b E AT VR T @ Y M bR 3] .

http://www.emsl.pnl.gov/forms/basisform.html
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BASIS="LANL2DZ ECP"
BR O

S

P

2 1.00
1.15900000
0.710700000
1 1.00
0.190500000
2 1.00
2.69100000
0.444600000
1 1.00
0.137700000

*kkk

-3.03787690
3.37037350

1.00000000

-0.118980000
1.04244710

1.00000000

(BEFTRFERTAHF/HTE) Fux
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Hay-Wadt LANL2DZ ECP Basis Sets

Elements Contraction References

H (4s) [2s] T. H. Dunning Jr. and P. J. Hay, in Methods
Li (10s,4p) [3s,2p] of Electronic Structure, Theory, Vol. 2,

Be-Ne  (10s,5p) [3s,2p] H. F. Schaefer 111, ed., Plenum Press (1977)

Na-Ar  (3s,3p) [2s,2p] P. J. Hay and W. R. Wadt, J. Chem. Phys.

K-Ca (5s,5p) [3s,3p] 82,270 (1985).

Sc-Cu (5s,5p,Sd) [3s,3p,2d] P. J. Hay and W. R. Wadt, J. Chem. Phys. 82,
Zn (3s,2p,Sd) [2s,2p,2d] 284 (1985).

Ga-Kr  (3s,3p) [2s,2p] P. J. Hay and W. R. Wadt, J. Chem. Phys. 82,

Rb-Sr (5s,5p) [3s,3p] 299 (1985).

Y-Ag (5s,6p,4d) [3s,3p,2d]
Cd (3s,3p,4d) [2s,2p,2d]

In-Xe (3s.3p) [2s,2p]

U-Np (6s,5p,2d,2f) [3s,3p,2d,2f] These sets are unpublished, but their use has
Pu (7s,6p,2d,2f) [3s,3p,2d,2f] been described in J.V. Ortiz, P.J. Hay and

R.L. Martin, JACS 114, 2736114, 2736 (1992).
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7. #8 Kk —#H H 48 (Correlation consistent set)

cc-pVnZ(n=D,T,Q,5,6):

Dunning 8948 % — &KX 48 (A AL, =€, WE, HE, =<0, F &
S THACKRE, TERATHHENTH, XK B IRBOH A XEFA
AAraug-AT & & n-aug-(n=d, t, q) % T AT R B EKZ,
“RAerAm”
jul-cc-pVnZ: F¥aug-cc-pVnZ # S W T A iR Bk, EAEFHNHRBIXRET
jun-cc-pVnZ: ¥ jul-cc-pVnZ 89 E L& 49 A 3 & & = 09 IR BOR AR IE
may-cc-pVnZ: ¥ jun-cc-pVnZ 69 € L& 69 A= K 5 09 7R 808 ok 32
apr-cc-pVnZ: Fmay-cc-pVnZ 49 E L& 69 A3 = & & 09 IREGR BARIE...
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8. Ahlrichs #9def2-% 7| L 40
Def2-XVY:

X=S. TZ. QZxt 2. 3. 4: MM EHSH XZeta

Y=P. PD. PP. PPD: AJ/UNP#HZILEMK; WDKK
iR, R REE T ERIANIFLPoplefE F B, RFE A4
BT AR

Def2SV, Def2SVP, Def2SVPP,Def2TZV, Def2TZVP,
Def2TZVPP, Def2QZV, Def2QZ VP, Def2QZ VPP
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4.3.2 Hartree-Fock 7 ik 89 52 ] =] #&

1. SCFAk &k 5]
HESCFi 4, %X P TRELT @/UMFIL:
 RELHI—KAAR-IER
« BAANMARSAMERIA S I
EI/LFZ E2RE 4t (Lorenz R 5| -F & &)
« REABRZXRARAE A
fRERAE LA ETR
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BRI T7 ik
* & Tinitial guess

s NFREAE, ERAALTHR—2TFHRARTEST, KBt
4 Hinitial guess(fa & F L A & F 2 5 &l ék)

o RMNGEE, IS Hinitial guessBE T K X 488G+
o &% F*xMHF-MP2-DFT-¥#%%1)

BB ERALE, de ESCFi& L4235 TR B8 4, T2 AL 8 &
P, FF B XA R R, BRI
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— AR 38 i PR AR AR B 8 7 ik iR SCFiE A2, 4 7R z<
Bl TRMEIERNERGZRSBE

STDFTH+H 5, FZmaing MA&

REATIUVTHE, BRI K, REEZTENERH
K

ZERATR A

ZEXATRAKRFQT R, BRFRER, 125 KK M0
fa 5 ) % % K49 kBT ] R £ R % 44
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B

2 HA R T
e RHF (spin-restricted HF) =
stafeP L FEAMRA G EEHE o g Yo b
 UHF(spin-unrestricted HF) P ;J;zi qq;;g;

ERARANTRR G THERE RS AL : : :
_ y - s - Ay
TofeBRREE T, (RIETFTEH R V30—~ Wb

B 4 28 ] A — B 7% 77 ) R A S
¥
« ROHPF(restricted open shell HF) “~ 0,28 1 —%_ Yo $ ¥iB +
7 AL (spin polarization), 7~ ¥ F] k RHF UHF

EPR##, 7R E 7R M) B 72 58 B
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HCNE
s AR HE 20 a

TR SRS T, KA ET XKKREK, BAST
Buil LI A ST AR R TRF, XK RY THAE. FrET
AR, H HamiltonianfE % B4, 3+ % 4E % TR IMAR 5 #L 7T 4R
FEITARE IR BB ARGER

Gaussian & LIt AN A B AT fRE, e REEZTA,
Symmetry=loose . 12/ & E KA T F & —ARFZATARME

#=4 K/D,/C,
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Ols
Ha Hb
02s
Ha Hb
O\
H,l1s O/ H,,
O\
Hpls Ha/ O
02p, ; ;
Ha Hb
O2p,

Ha Hb
O\ 02s
Ha/ Hb Ha Hb
) N ’ H Is + Hyls
Fock Matrix O/
Dense O2p,
H/ H,
TR
i b, 0) H,l1s - Hyl1s
a
b,
H H
b1 a b

ai
O1s
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§ 4.4 ® -F 48 X (correlation)

HFZF FEeFAXER, FHFF RAXA LT HILE
REGEFERMEET AR ERLT AT L FHESLE,
HFH AR 2% TRIFRE, &RbITMERE

AHFF, HAmEMR (FELTHXETR)
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4.4.1 Z R #H
(Many body—Mgller-Plesset perturbation theory )

STHF B & ., HF A — &K, MPn# %
KEIAMP2, REAWMETHFTRESTF T8
X RFRANA %, MP2, MP3, MP4(4 48 % T
CISD# &), MP5(>N1, &'V 4% Fl)
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4.4.2 4A548 54 B CI

SKRI:
(configuration interaction)

LU TEHEFLSEAS, FASFERXSHERHK

gpasek, ERAEETNEFZEANRET R DL
KhmbsbE K

A A
Y loy

p A k

lcsg

BEEASHBHE:
CISD(single-and double-excitation)
CISDT . CISDTQ, full CI—#H A #AS

WME S, 12 H RSB LIEF SN,
CIS(CI single-excitation) .
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4.43 L€ T &

o %A% B 5% (multi-configuration SCF) MCSCF & & H|
Pl

* MRCI(multi-reference CI)

 Coupled Cluster & Quadratic CI
CCSD CCSDT CCSD(T)
QCISD QCISD(T)

4.4.4 5B T %

Gaussian-n methods
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Table Average errors in correlation energies (kcal-mol!) compared to full CI for various methods
applied to HB, H,O, and HF at both equilibrium and bond-stretched geometries

Level of theory Equilibrium geometry Equilibrium and stretched geometries

MP2 104 17.4

MP3 5.0 14.4

CISD 5.8 13.8

CCD 2.4 8.0

MP4SDQ 2.7 7.1

CCSD 1.9 4.5

QCISD 1.7 4.0

MP4 1.3 3.7

MP5S 0.8 3.2

MP6 0.3 0.9

CCSD(T) 0.3 0.6

QCISD(T) 0.3 0.5

CCSDT 0.2 0.5

CCSDTQ 0.01 0.02

ab initio+t 3 A8 3+ ¥ & -

HF<MP2~MP3~CCD<CISD<MP4SDQ~QCISD~CCSD<MP4<QCISD(T)~CCSD(T)

<Full CI
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fEEmRE #K

(eV) (A)
1927F B 4F#-H K 3.14  0.896 - RECE 4

ELNE TR 474  0.74

1968FKolos 5 Wolniewicz 4.7467 0.74127 % X100 &9 % 0% £
19705, G. Herzbergs: i 4.7467 0.7412
MP2/6-31G 4.018 0.7375
MP2/6-311++G (3df,2pd) 4.4906 0.7370
MP2/aug-cc-pCVZ 4.4905 0.7374
MP3(SDQ)/6-311++G(3df,2pd) 4.6434 0.7394
MP4(SDQ)/6-311++G(3df,2pd) 4.6833 0.7411
MP4(SDQ)/aug-cc-pvtz 4.6810 0.7416
CID/ 6-311++G(3df,2pd) 4.696 0.7420
CID/aug-cc-pvqz 4.7277 0.7415
QCISD/ 6-311++G(3df,3pd) 4.695 0.7422
CISD/ 6-311++G(3df,3pd) 4.695 0.7422

CISD(T)/aug-cc-vaz 47416 0.74127(% &
W BAE 6 7 kA R R T AR R IE eG4 ﬁ“’:ﬁ’J

(ETFREER)TFTHF/HSTEM) FOFEWE F-FHFEA http://struchem.nankai.edu.cn



4.4.4 %% E 2 HDFT

B R 35 5 R P 3% (A K 7 B 49 % 30) 4t Shriodinger 52
ITTRB, ITEEZRHOLRZTETHX, COITHLEREILHFS
B3, HHRELBE, DFTHA AR S4B AFTANETLET L
— THATFRIMG—RARFTEEHE, FATAFA— %
>TFiHE

st A M4-F: B3LYP/6-31G*(or higher)#% & 48 % FMP2

RFRLE, DFT@AFZRNR%y, EdTARARS, BT

BEERKESER. EDFTH 4 ERAIW, PLERITESHAE
69+ H, EDUE R AT E A48 £ Ak
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Kohn-Sham 7 #£

N
vl [P g ) |0 ()= 0 )

2 il s
SE
o ()= 2L PO oy 3
op(r)

« LDA(the local-density approximation) & 3% % B 31 fik

« GGA(generalized-gradient approximation))” X #f & JL ok ik /46 B AR iE ik
%]: B88, PW86, PW91

e Hybrid-GGA #4LiZ & 32 1
#]: B3LYP . B3PW91. MO06-2X (#4meta-GGA T ik)

o WMRLZHIZH B2PLYP

&, #AX iE (dispersion correction) DFT-D3
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1 M2 R 1

=40V B : B2PLYP. XYG3. DSD-BLYP
4K -SHLIE

ot ,%ﬂ:.l‘lleta: M06-2X. TPSSH i
= 24V ¥z K. B3LYP. mPWIK K-S#hiE
J=E=

9 B
Jacob’s Ladder | meta-GGA: VSXC. TPSS. M06-L
p. Ibpl Np =

GGA: PWS86. B88. PBE. BLYP
p, Vp|

LDA/LSDA: SVWN_, SPW92
p

Hartree-Fock /7 1%
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SIETENE
§4.5 ¥ 28R W
* HMO (Hiickel Method)
* EHMO(Extended Huckel Method)
« PPP(Pariser-Parr-Pople Method HMO% & 2| )2 F)
* CNDO(Complete neglect of differential overlap)
CNDO/2 CNDO/S
* INDO(Intermidiate neglect of DO)
* NDDO(Neglect of Diatomic DO)
* MINDO(Modified INDO)
MINDO/1 MINDO/2 MINDO/3
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« MNDO(Modified NDDO)
* AMI1(Austin Model 1)
] Z AT AWEY
* PM3(Parameter Method 3) . PMS. PM6 . PM7
] Z AT AEY
SAM1(Semi—ab initio Method 1)
« ZINDO(Zerner INDO) ™ £ it Jk 2 /&
G1 G2 G3(##% )
F 2B H AR NS T HIUTHEREZTHIFENER, LTI
B RN JHE XA LB SEH, BURLHEZ2E2R/S, FE2BHENHEME
Y Rl (3 VDWH=5~F 8] &8 ) VRAER BT R

C
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Method Time Complexities

Method Scaling Comments

DFT N With linear scaling algorithms (FE % K 77F)
MM M?

MD M’ or L°

Semiempiricals N? Xt H17N53F-(limited by integrals)

HF N-NY TR AR AR 4
Semiempiricals N’ 4E K73 F-(limited by matrix inversion)
DFT N’

QMC N? With inverse slater matrix

MP2, CC2 MEALiZT &R N°

MP3,MP4(SDQ),CCSD,CISD N°

MP4, CC3, CCSD(T) N’

MP5, CISDT, CCSDT N®

MP6 N’

MP7, CISDTQ N'?

CASSCF Al A is the number of active space orbitals.
Full CI N!

QMC N! Without inverse slater matrix

(ZETFRFELTAF/HTEM) FOEFFWEF 2T/ 5484 http://struchem.nankai.edu.cn



c
<

TUNIDY

0

NAN*‘V
)
/
>,

AN
N\~
AL\S

AM1 ~ PM3 < PM6 < PM7 < HF < MP2 ~MP3 ~CCD ~ ¥£i# %
& < CISD < M 4242 3% ~MP4SDQ ~ QCISD ~ CCSD < MP4 <
QCISD(T) ~ CCSD(T) <Full CI

aff
o\

— X ab initioZr kT A BIAEFIFH T ME R, s hHTFHRE, THE3)
e R. RERR:
Born-Oppenheimer 31 fik
ERARTAEAE
T AW X
7295 8 %t # RS
sk % : expensive, HF—N* N& & /4
By R AN FIE A 14E, It H A 1642
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AM1
AO
B3LYP

BLYP

BSSE
CASSCF
Cl

CIS
CISD
CNDO
DFT
DVP

DZ

EHT

Austin Model 1
Atomic obital

Scheme for hybrid Hartree-Fock/density functional theory
introduced by Becke

Becke-Lee-Yang-Parr gradient-corrected functional for use with
density functional theory

Basis set superposition error

Complete active space self-consistent field
Configuration interaction

Configuration interaction singles
Configuration interaction singles and doubles
Complete neglect of differential overlap
Density functional theory

Double zeta with polarisation

Double zeta

Extended Hiickel theory
CZETRFELSTAF/>TEM) FWFEWEF 2T/ F4EA http:/struchem.nankai.edu.cn



GVB
HF
HOMO
INDO
LCAO
LDA
LSDFT
LUMO

MBPT
MINDO/3
MNDO
MO

MP

MPn
NDDO

Generalised valence bond model
Hartree-Fock

Highest occupied molecular orbital
Intermediate neglect of differential overlap
Linear combination of atomic orbitals
Local density approximation

Local spin density functional theory
Lowest unoccupied molecular orbital

Many-body perturbation theory

Modified INDO version 3

Modified neglect of diatomic overlap

Molecular orbital

Mgaller-Plesset

Mgller-Plesset theory at 2"d, 3rd order, etc.

Neglect of diatomic differential overlap
(EFTREFEESFAF/IHTHEM) FWEFD
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PM3
QCISD
QCISD(T)

RHF
SAM1
SCF
STO
STO-nG

UHF
ZDO

Parametrisation 3 of MNDO

Quadratic configuration interaction singles and doubles

Configuration interation method involving single, double and
quadratic excitations with an estimated triple excitation

Restricted Hartree-Fock
Semi-Ab initio Model 1
Self-consistent field

Slater type orbital

Minimal basis sets in which n Gaussian functions are used to

represent the atomic orbitals on an atom
Unrestricted Hartree-Fock

Zero differential overlap

(BEFTRFERTAHF/HTE) Fux

Iy

#
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