
2P112

(DC)-CPHF  
1
, 

2
, 

3 1 1,2 1,3

 

(DC) SCF linear-scaling DC Hartree-Fock 

(HF) post-HF

GAMESS [1] MD

 

DC-SCF Yang

[2] SCF DC DC-SCF

DC-SCF

DC-SCF coupled 

perturbed HF (CPHF)

Yang CPHF  
 

DC-HF

HF 1, 2 Hellmann-Feynman D

Pulay (P term) DC Pulay

Yang [2] HF Pulay

 

 

DC
DCP term 2Tr 2Tr

q q

! " ! "# #
$ % &' ( ' (# #) *) *

D S
F W (1) 

W
DC

DC

p  

 + ,DC

F i i i

i

W W p f C C i

- - - -
./ ./ ./ 0 . /

- -

- -1 12 2 &3 3 3 1 (2) 

(1) HF DC-HF

 

 
( ) ( )

P term 2 2
i i

i i i

i

C C
n C C F

q q

- --
.- - /

q

- -
/ .

- . - - . - /..4 4
/.

! "5 6#! " ##
2 2 7' (8 9' ( 8 9# # #) * ' : ; () *
3 3 3 3 3 3D

F
S S

(3) 

ni S(!) ! AO D
-<

MO MO  

 

MO( )
, [ occ( )

i q

pi p

p

C
U C i

q

- -
. - -

. ]-
#

% 4
# 3 (4) 

DC CPHF

(4)

- CPHF  



+ ,
+ ,+ ,

q,
ai,

b j

q,
bj

,
bj,ai

q,
aiai BUAU  

0

vir occ
   -

0

0 0
00---- 11 2&& 33 3    (5) 

 

+ , + , + ,=
+ ,+ ,

3 3
4 4

&&2
-./ 0>?

0
?

0
>

0
>?

-
/

-
.

0- />.?/?.>>?./
L L

4bjai
,
bj,ai CCpCCA @                   (6) 

+ , + , += @
+ ,

+ ,

+ ,
3 3 3 3
4 4 AB

A
C
D

AE

A
F
G

&&&2
-./ 0

0

0>?

00
?

0
>

0
>?

--
./

-
./

-
/

-
.

- /?.>>?./1
L L

occ
    

0 2
k,j

q,
jkkji

q,q,
ia

q,
ai, SCCpSFCCB ,   (7) 

L(!) ! AO (5) q

 

(3) CPHF  

 
[ ( ) ( )] [ ( ) ( )]

( )

P term 2 2Tr
q q

-
- - - - - -

- . - -..

H H

4

! " - -! "# #
2 % &' ( ' (# #) *) *
3 3 3

D S
F W S D

L S S L

S

        (8) 

( L(!) S(!))
+ , + ,][ --- SL H

S
-
S

+ , + ,][ --- LS H
D ( S(!)

L(!)) (8)  

-
D

  (9) 
---
DSDD %!

 

                    
-

-
-

-

D
S

D
D

qq #
#

&I
#
#

                                          (10) 

 

DC-HF GAMESS !-strand (gly)10

1 2

6-31G Table 1 Yang (1) (8)

HF Yang

HF DC-HF

Yang 0.312 mhartree

 

 

Bond length Bond angle Dihedral angle

[pm] [degree] [degree]

ME 0.043 0.04 -

MAE 0.073 0.22 0.33

MaxE 0.224 1.06 1.20

ME -0.002 0.01 -

MAE 0.010 0.05 0.16

MaxE -0.046 0.24 0.55

Yang (Eq. (1))

Present (Eq. (8))

Geometrical parameter

Table 1. Errors of optimized structure of (gly)10 from conventional HF results.

(ME: mean error, MAE: mean absolute error, MaxE: maximum error)

Method Error
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