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Precise vibrational analysis of multi-minima and dissociative systems 

(Tokyo Metropolitan Univ.) Masaki Mamiya, Hibiki Iwase, Kiyoaki Kitayama,  
Kenro Hashimoto 
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2. NH3 �2 (cm-1) 
�2  FGH-

H 
FGH-
CI 

Hybrid    FGH-H FGH-
CI 

Hybrid 

0- 0.66 1.24 1.98 1.20  �1 3336 3283 3216 3280 
1+ 932.24 1355 983 1360       
1- 968.08 1365 1049 1366  �4 3444 3709 3625 3640 
2+ 1597.4 2496 1730 2501       
2- 1910 2617 2289 2571  �5 1628 1454 1430 1453 

 

1. H2O (cm-1) . (�1) (�2) (�3) 
  VSCF0a VSCF �VSCF FGH-H  FGH-CIc 3DFGHd  
�1 3794 3711 3688 3677 3695 3623 3628 3657 
�2 1638 1625 1581 1577 1581 1574 1573 1595 
�3 3910 4003 3856 3745 3889 3740 3755 3756 

a . bFGH-Hartree . c 103. d3 FGH  



33P122   

 

 

Buckingham potential imposed crystal structure search of polycyclic aromatic hydrocarbons 

University of Electro-Communications  

Ryo Ito and Yoshihiro Yamakita 
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(1) Aij, Bij, Cij

CC, CH, HH [1]

U ∂U/∂a~∂U/∂c, ∂U/∂α~∂U/∂γ, ∂U/∂θA1~∂U/∂θCN(N

) Wyckoff position a~γ θA~θC

Gaussian 03

3

U 3 % X

[2]

 
Eij (r) = Aij r-6 + Bij exp(-Cij r) ;  i, j = C, H    (1) 

 

 



 

[3] U -158.1 kJ/mol

[4] 3 kJ/mol

U U

∆U

|∆U|

0.2 Å 0.01°

 

2

0.85 Å

1.52~4.35 Å

 

 

 

 

 

 

 

 

 

 

U / kJmol-1 ∆U / kJmol-1 ∆a / Å ∆b / Å ∆c / Å ∆α / deg ∆β / deg ∆γ / deg Wyckoff 
position 

 -164.6 -9.3 -0.176 -1.016 0.085 0.021 0.010 0.021 c 

 -161.5 -0.5 -0.225 -0.216 -0.157 0.008 -0.001 -0.001 e 

 -155.3 -5.7 -0.175 -0.483 -0.391 0.059 0.003 0.016 b 

 -154.6 -31.5 0.596 -0.981 -0.699 0.040 0.040 0.090 d 

 -149.6 -3.1 -0.330 -0.247 -0.170 0.005 -0.011 0.002 f 

 -147.4 -2.4 -0.239 -0.348 -0.091 0.011 -0.012 0.000 g 

 -145.6 -4.0 -0.320 -0.333 -0.192 0.007 -0.011 0.000 h 

 

 

[1] D. E. Williams, J. Chem. Phys., 45, 3770 (1966). 

[2] R. B. Campbell, J. M. Robertson, and J. Trotter, Acta Cryst., 15, 289 (1962). 

[3] H. Yoshida and N. Sato, Phys. Rev. B, 77, 235205 (2008). 

[4] N. Wakayama and H. Inokuchi, Bull. Chem. Soc. Jpn., 40, 2267 (1967). 
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Theoretical search of the adsorbent molecules for hydrogen 
 with a middle adsorption force using light metals 

 
(Tokai Univ.) Akira Sakamoto, Shigeru Ishikawa 
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MP2/cc-pVTZ �� �	�
R q � �����	��

�� �� � 	�
Li+�He �� �	� R �� R 3.65Bohr 1.93Å �70 meV

��
���� � 	��

R 9.44 Bohr (5.0 Å) 4.72 Bohr (2.5 Å)
R 0.002 0.042 0.10
1 ���� � 	��

�� 0.88 eV
�� 10 �� � ��� �
(3)  
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( 1, 2) 

1, 1, 1, 2, 
2, 1 

First-Principles Molecular Dynamics Study on Redox Potential 
Evaluation of Ferrocene-Terminated Self-Assembled Monolayer 

(Graduate School of Engineering Science, Osaka Univ.1, 
Graduate School of Engineering, Osaka Univ.2) 

Sumito Akiyama1, Yukio Kaneda1, Yasuyuki Yokota1, Koji Inagaki2, 
 Yoshitada Morikawa2, Ken-ichi Fukui1 
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[1]. R. A. Marcus, J. Chem. Phys. 24, 966 (1956). 

[2]. S. E. Creager, G. K. Rowe, J. Electroanal. Chem. 291, 420 (1997). 

[3]. Y. Tateyama, J. Blumberger, M. Sprik and I. Tavernell, J. Chem. Phys. 122, 234505 (2005). 

[4]. G. K. Rowe, S.E. Creager, J. Phys. Chem. 98, 5500 (1994). 

Fc_C4 Fc_C7 Fc_OH 

ΔA 1.86 1.74 1.54 

ΔA vs.FcC4 - -0.13 -0.32 

ΔA vs.FcC4 Exp[2] - 0.25 -0.13 

λ 0.72 0.64 0.74 

Fig. 2. Franck-Condon
 

 Red state Ox state 

 R(Fe-O) R(Fe-H) R(Fe-O) R(Fe-H) 

Fc_C4 4.78 4.18 4.49 4.34 

Fc_C7 4.99 4.50 4.94 4.75 

Fc_OH 4.42 3.80 4.27 4.13 

Table 1. Fe O H (Å) Table 2. ( )
(eV) 
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( 1, 2, JST-CREST3, ESICB4) 

1 1 1,2,3,4 

Theoretical study on the physical adsorption of saturated hydrocarbons on the metal surface 

(Waseda Univ.1, Waseda Univ. RISE2, JST-CREST3, ESICB4) 

Yusuke Tsukamoto1, Yasuhiro Ikabata1, Hiromi Nakai1,2,3,4 
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n-  

n- Cu(111) Au(111) Pt(111)

20Å 4 n-

Pt(111) [5] (Fig. 1(a) )

n- 36 Ry 400 Ry

k Monkhorst- Pack 4×6×1

revPBE (PBE

vdW-DF2 - )[6] Table 1  
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(revPBE+LRD)

0.05 eV

Cu(111)

37 �

(Fig. 1(b))

AuPtCu ��
[6]

Cu(111)

CuAuPt ��  

-

PtCuAu �� [6]

revPBE

LRD

 

 

revPBE+LRD Ref. 6 Expt. revPBE+LRD Ref. 6
Cu(111) 0.47(0.53a) 0.37 0.51[7] 3.76(3.52a) 3.76
Au(111) 0.45 0.52 0.42[8] 3.79 3.78
Pt(111) 0.52 0.61 0.53[9] 3.54 3.74

Adsorption energy (eV) Adsorption distance (Å)

            unit cell is used.

Table 1. Adsorption energies and distances of n -butane on metal surface. (Calculated adsorption
distance is defined as an average of distances from metal surface to each carbon atom in n -butane.)

 
 

 
[1] T. Sato, H. Nakai, J. Chem. Phys. 131, 244104 (2009). 
[2] T. Sato, H. Nakai, J. Chem. Phys. 133, 194101 (2010). 
[3] Y. Ikabata, H. Nakai, Chem. Phys. Lett. 556, 386 (2013). 
[4] Y. Ikabata, H. Nakai, J. Chem. Phys. 137, 124106 (2012). 
[5] L. E. Firment, G. A. Somorjai, J. Chem. Phys. 66, 2901 (1977). 
[6] K. Lee, Y. Morikawa, D. C. Langreth, Phys. Rev. B 82, 155461 (2010). 
[7] R. Z. Lei, A. J. Gellman, B. E. Koel, Surf. Sci. 554, 125 (2004). 
[8] S. M. Wetterer, D. J. Lavrich, T. Cummings, S. L. Bernasek, G. Scoles, J. Phys. Chem. B 102, 9266 (1998). 
[9] S. L. Tait, Z. Dohnálek, C. T. Campbell, B. D. Kay, J. Chem. Phys. 125, 234308 (2006). 

(a) 

(b) 

Fig. 1. Absorbed unit cell structure of 
(a) 37 �  and (b) 37 � . 

37 �a 
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(��� �! 1, "�#! 2, $� ESICB3, ���!� 4, JST-CREST5) 

%�&'( 1, )*+, 2,3, )*-. 2,3, /012 1,3-5 
 

Theoretical Study on De-Solvation Properties of 
Career-Ions in Secondary Batteries 

(Grad. Sch. of Adv. Sci. and Eng., Waseda Univ.1, Grad. Sch. of Eng., Univ. of Tokyo2, 
ESICB, Kyoto Univ.3, Res. Inst. for Sci. and Eng., Waseda Univ.4, JST-CREST5) 
3Masaki Okoshi1, Yuki Yamada2,3, Atsuo Yamada2,3, Hiromi Nakai1,3-5 

 
4567Li�������(LIB)89:;<=�>��?@ABCDEFGBH	IJKL8M
�NOPQR>STUV�WXYZ�[>\]���	^_`abcdeBH	If�gh

Y�ijY[>\]�ke� LIB �8MlmnopTqrs�LYDMltuTqr`vw
xG	I�YFyMz{Y|}�~���vL�	I 
� LIB���~����	�{��8M�������� Li������L��M���g
���G	~��^��mnopT@qr�����(DFT)���g���G	���mn
opT�8�H����	f@���GBH	 1,2IA�AY��MC�Y�����	��

�mnopT����Y� 8¡¢xGBHYHI£kMJKL8 LIB �¤¥@AB Na �
������R Mg�������`abxGB��MNa���R Mg������	¦§
`�vL�	I 
� ¨��L8MDFT��c_HB Li, Na, Mg�©���� 27ª«�¬�����	���
mnopTc�®AMmnopT¯°±�g²B³´AkI£kM���µ¶·¸�¹ºT

»�U·¼�½\�[�o(ESP)·�¾�¿r���	ÀÁ�cÂÃAM¼�½\�[�oÄ
Å�¾�¿r����mnopT@�H��cÆ�f@cÇ®AkI 
4��È±7��@ABMÉÊ carbonate 5ªMËÌ carbonate 2ªMÉÊ ether 3ªMsulfolane
ÍÎÏ 2ªMËÌ nitrile 5ªMamide 4ªMËÌ nitro 2ª@Mγ-valero lactone (GVL)Methylene sulfite 
(ES)MDMSOMtrimethyl phosphate (TMP)�Ð� 27ªcÂÃAkI
�����@ABMLi+, 
Na+, Mg2+cÂÃAMÐ� 81ª«����ÑÒc B3LYP/cc-pVDZÓÔoLJÕ�AkI��
�mnopT8M�Ö�×²BØÙAkI 

ΔE = E[Li+ ]+E[solvent]−E[complex]    (1) 

E[Li+], E[solvent], E[complex]8ÚGÛGMÜÝAk Li���ÄÅ��@M���ÑÒ���
	ÞßàáxGkmnopTL�	IffLM�¹mnopT8 B3LYP/aug-cc-pVTZÓÔo
L��AkI 
� £kM��â�����ãä_mnopTcåæ¯¹çèmnopT¯°(LMO-EDA)± 3

c_HB³´AkI���ÑÒ��HBMéêëì��@��¯¹cÚGÛGºíST@Ø

ÙAMºíSTî�ãä_mnopTc�Ö�gh�M¼��ãä_MïðM~ñM¯�M

¯ò�óô�¯°AkI 

Eint. = EES +EX +Erep. +Epol. +Edisp.     (2) 

ESP8M©��¯¹�õHB�¹qr� 0.04 ≤ ρ ≤ 0.05L�	ghYß��HBMJ`öY÷

cø_AkI�¾�¿r8�Ö�×²BM©���/�L�ùØÑÒ��AB�®AkIf

fLM/�L��¹�c N@AkI 

η = E(N +1)+E(N −1)− 2E(N )( ) / 2    (3) 
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Fig. 1 (a) ESP and (b) solvating structure of PC. 
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Table 1. Correlation between properties of solvents and solvation energies.
Li Na Mg

ESP Gradient 0.68 0.55 0.93
(kJ/mol) Intercept 145.85 98.47 418.54

R2 0.96 0.96 0.93

Chemical hardness Gradient -67.68 -55.02 -141.64
w/o VC Intercept 591.18 460.70 1352.20
(eV) R2 0.99 0.99 1.00

Dipole moment Gradient 28.75 23.49 61.84
(Debye) Intercept 57.33 26.06 225.45

R2 0.91 0.91 0.92
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Predictions of the properties of organic electrolytes solution using computational chemistry 
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Figure 1. Structures of organic solution.  

Propylene Carbonate
(PC)

Ethylene Carbonate
(EC)

%-butyrolactone
(GBL)

Dimethyl Carbonate
(DMC)

Ethylmethyl Carbonate
(EMC)

Acetonitrile
(AN)

Density Viscosity
calc. expl. calc. expl.

EC 1301 1320 2.09 1.9
PC 1180 1200 2.69 2.5
GBL 1063 1129 1.37 1.5
DMC 1042 1070 0.61 0.6
EMC 980 1010 0.72 0.7
AN 742 786 0.39 0.35

Table 1. Density � (g/L) and viscosity (cP). 
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[1] Palmer, Phys. Rev. E 49 (1994) pp 359-366. [2] Wang, J., Wolf, R. M., Caldwell, J. W., Kollman, 
P. A. and Case, D. A., J. Comput. Chem., Vol. 25, 1157 (2004).  

Table 2. Dielectric constant  .  

calc. expl.
EC 73.0 90
PC 60.9 65
GBL 45.9 42
DMC 2.1 2.8
EMC 2.3 2.9
AN 43.2 37.5

Figure 2. Energy diagrams of electrolysis reaction of PC with applied voltage of 0, -1.5, and -3V. 
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Figure 3. Energy diagrams of hydrolysis reaction of PC in neutral (N), acid (A), and basic (B) condition. 
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The effect of electron-phonon interaction on the optical properties of zinc-blende GaN 
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 � L X 

LDA 2.231 5.952 6.034 

LDA+G0W0 3.239 7.117 7.105 

HSE+G0W0[2] 3.427 7.707 7.755 

HSE+G0W0+OMS 3.300 7.517 7.624 

Exp (T = 10K)[3] 3.295 7.33 7.62 

ù�k zb-GaN)»¼*v½vwxy(eV) 
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Theoretical study of the surface complex of dicyanomethylene 
compounds and TiO2 

(The University of Tokyo*, The University of Tokyo (RCAST) **) 
Yuhei Shimoda*, Ryota Jono*, Morio Nagata**,  

Jun-ichi Fujisawa**, Hiroshi Segawa**, Koichi Yamashita* 

 

(CB)

CB

 

7,7,8,8-tetracyano-p-quinodimethane (TCNQ)

TCNQ HOMO-LUMO TCNQ LUMO

CB - (400-1000 nm)
1

5,5,6,6-tetracyanothiophenequinodimethane (TCNTQ) (Fig. 1-a)

2,5-bis(dicyanomethylene)-2,5-dihydrothieno[3,2-b]thiophene (TCNTTQ) (Fig. 1-b)  

TCNTQ TCNTTQ (101)

Ti14O28H2(OH)(H2O)2-OH (Ti14-OH)  

[Ti14O28H2(OH)(H2O)2-O-C(CN)2C4H2SC(CN)2]− ([Ti14-O-TCNTQ]−)

[Ti14O28H2(OH)(H2O)2-O-C(CN)2C6H2S2C(CN)2]− ([Ti14-O-TCNTTQ]−)  

 

Gaussian09 DFT

Time-Dependent DFT LC-'PBE/6-31G(d)   



  
(a) TCNTQ (b) TCNTTQ 

Fig. 1 (a) TCNTQ (b) TCNTTQ  

 

   
(a) * = 0  (b) * = 90  (c) * = 180  

   
(d) * = 0  (e) * = 90  (f) * = 180  

Fig. 2 [Ti14-O-TCNTQ]− (a-c) [Ti14-O-TCNTTQ]− (d-f)  

 

Fig. 2 O-C-C(thiophene)-S(thiophene) (*) [Ti14-O-TCNTQ]− (a-c)

[Ti14-O-TCNTQ]− (d-f) * = 0 90 180

TCNTQ (a) * = 0 TCNTTQ (e) * = 90 TCNQ

TCNQ

O-C-C(benzene)-C(benzene) 90

[Ti14-O-TCNTQ]− TCNTQ

[Ti14-O-TCNTQ]− [Ti14-O-TCNTTQ]−

 

 

1. R. Jono, J. Fujisawa, H. Segawa, K. Yamashita, J. Phys. Chem. Lett. 22, 1167 (2011) 
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Chirality Dependence of Quantum Thermal Transport in Carbon 
Nanotubes at Low Temperatures: A First-Principles Study 
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band [2]
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phonon SWCNT
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SWCNT

(3, 3) (5, 0) (4, 2)
1  

 

(Bohr) (Bohr) (meV) (meV) 
(3, 3)  7.97 70.21 19.96 2.36 

(5, 0)  7.75 72.38 16.74 4.70 
(4, 2)  8.04 64.33 15.75 6.24 

1 : SWCNT



 
Green (NEGF)

SWCNT force constant matrix
NEGF phonon transpot

force constant [4]  
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HAunCl n=1~6 HCl 1
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1 HAunCl n=1~6 HCl (a) n=1, (b) 
n=2, (c) n=3, (d) n=4, (e) n=5, (f) n=6  

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 



33P133 
�����Mn12O12��	�
���������� 

(����)�  
��� ��, ��  !, "# $%, &' (), *+ ,-, .� /) 

Theoretical study of the zero-field splitting of the  
single-molecule magnet Mn12O12 

(Osaka Univ.) 
�S.Yoshimura, K.Kinosita, T.Kawakami, Y.Kitagawa, S.Yamanaka, M.Okumura 
 
012 
� �����345678�9:;3<=>���

=:?@AB;CDE�FGHI���J?EKLM

N�OB4P�QRSTUVUW��XYZU[\�

]^_`aDb;:�c������d�J?EKL

34�����e��fghi_jkl(m:ni

o��pqroMst)4u�vSR�wx���p

YUXRy_z�r{�{@W�:d==4z�vSR

|}�~�_CD:(�f����_�:)d=�w

x��cd�+Gsdb�G��s�����Db;@

O�3��G�B;��DbO�����G��

[Mn12O12(CH3COO)16(H2O)4]G��c���N�

[Mn12O12(CH3COO)16(H2O)4]34+���Mn4+(S =3/2)��E��F=����Mn3+(S =2)��

E��F_|m�o����>:;9�4����G3 S =10 =:?�@E�pYUXRyM�l;

:�c 

� � 34�����[Mn12O12(CH3COO)16(H2O)4]�>:;4�	�
��¡¢ D M£n¤�

¥¦�J�¥¦��d=Gz��pqroM§¨s�4z������©o�>:;ª«M¬O

�G4®¯��c�O4°±;q²³´=l; Cr3+(S =3/2)W Fe3+(S =5/2)G Mn3+Mµ¶lO��

>:;s£n¤�¥¦�J� D ·�¥¦M¬:4������L¸¹ºWz���»¥�¼½

���ª«s¬O�G4dbs°±;®¯��c 

 

0��2 
� �	�
��3¾��¿ÀÁyÂÃR�J�ÄÅDb�c�  

 

 

�� [Mn12O12(CH3COO)16(H2O)4] 



33P133 
 

ddG D4E ·_ir{4�Ær{��	�
��¡¢G��c�	�
��3nÇ�ÈLÉG�

�vSRUvSRÉ=!Ç�ÈLÉG��vSRUÊËÉ�wx��cvSRUvSRÉ�ÌÍ�>

:;34¾��J?EMcWeeny-Mizuno�Î�vSRÏ�¬ÐMÑÒ��d=GÓB�b�c[1-2] 

 
�O4vSRUÊËÉ�ÌÍ�>:;34Pederson4Khanna ��rÔG3¾��J?EÎM^:

;Õ�b�c[3-4] 

 
 
0¥¦2 
� � 3ÑÖ�E�����G��[Mn12O12(CH3COO)16(H2O)4]×�ØÙEqo��>:;4

z�Ú�E�pqro�wÛMÜ���l4������»¥¼½MÝÞ��OB�²Ù�¥¦

M¬Oc 

� �;�P�fß¥¦3Ï�à¢�J�¬:4á¶âà¢�3 B3LYP à¢M^:Oc

ãä¢�34³´¤�=zb��åæ��l;:� O¤��>:;3 def2-TZVP M4z�ç�

¤��l;3 SV M^:Oc�	�
��¡¢�¥¦�>:;34vSRUvSRÉ�>:;3

McWeeny-Mizuno �Î�èéÊË�vSRÏ�¬ÐMÑÒ��d=GÓBOc�OvSRUÊË

É�l;34Pederson-Khanna�J�êÔ(PKÔ)�ãë:;¬Oc�pqro�§¨s��

34��e�vSR|}�ì�íîÁïUðñ�âò��óE =ôD� ôS 2M^:Oc�õ�ö÷3ò

øùÖ��c 

 
0úªûü2 
[1] R. McWeeny, Y. Mizuno, Proc. R. Soc. London, 11961, 259, 554 

[2] M. Shoji, et al, Polyhedron, 22005, 24, 2708 

[3] M. R. Pederson, S. N. Khanna, Phys. Rev. B, 11999, 60, 9566 

[4] R. Takeda, et al, Polyhedron, 22005, 24, 2238 



3P134 

�������	
�������������������

���� !"#$%&"'()*æ+$���(!,-)./01&�23#$4&�56#$78�96#$

:;�<=#$>?�@A#$BC�DE#$;F�GH.$:I�J+$KF�LE#�

Analysis of electronic structure of chlorine adsorbed gold clusters 
based on linear response function 

 (Osaka Univ1, TOYOTA Research Institute2) 0Koki Ueda1, Kohei Tada1, Kyohei Komi1, 

Shusuke Yamanaka1, Takashi Kawakami1, Yasutaka Kitagawa1, Haruki Nakamura1, 

Kizashi Yamaguchi2, Mitsutaka Okumura1  

MMNO���PQR STU VW�XYP�Z�[\']�^_`ab�c�XYP�^_defgh

i
j�XYP�^_decklmb CO \'def`nopqrZstuvwx�@�[^_d

e�c8yiupz{udeqrZ¬`np
j�ZXYP�f`n�[\']�^_|}
�

c��Z~�up���Z�p
�w;�������	
������������Z���

�R�
j��R��t
���m�yia�^_dec�P�QR���u�wdeqrRk

Wt
j��	�u���	
�P���� ¡c	�`yinp
Rw¢�£¤u¥��¦p

n�§¨u©§cª«u|inpupjz�¬)*mc���	
����¥���`w��

R��`a������� ®¯ R°�±�` ²®¯ R³´t
µ�³´¶�Z·¸`w¹ºTµ�»¼

½�����¾	¿����ÀÁ�Â�Zp�¦�� ¹ºTÃ¹ºT®¯ »¼½µ��������m8


Ä�	�w��¾	¿�����ÅÆ�ÇÈZÉÊaj�

�

M��Ë�O�������cwÌÍÎTÏÐÎÑU�ÒÓÔ��"Õ��ZÖ�`w·×ØuÙÚδv r( )�
�t
ÒÓÛÚδρ ′ r ( )w�

δρ ′ r ( ) δv r( )  
ZÜÝ�ÙÚÕ�Þßmàá`aj��������c^_�Áâ�	
Âã���	�uäå

�æ'Zδv r( )mw¢i��t
�����������æ'Zδρ ′ r ( )mçtj��������
�����Z8
Ämw��R��`aèé�ÒÓæ'f¢i�	
Ý�����êëìíîZ

Ç×t
j�

� àáïðñ�òf`nw��Jó'àá�cwGaussian09Z�paj������cw¬)*

ômõpaö�÷Zøùú GAMESS�ûü`wàáZ�ýaj��þ����c LANL08(f)Z�

�¾	¿���þ����c 6-31G**Z�paj�

��

M��O¹º�Ã¹ºSÃ¹º��J�¸��Z�	w���������R # ¦��`a»¼½�����

fw|y���R # ¦��`a»¼½�����Zàá`w¹º�Ã¹ºSÃ¹º���`n������Z

�ýaj�a
���']í�f��í�R��t
»¼½�¦pnbàá`aj�yia

���Ü�m�
 ¹ºTÃ¹ºT®¯Ã²¹ºT®¯�T�.Ï�/��¸��Zü #�ü . �stj�



��

�

�

�

�

�

�

�

�

�

�

�

�

 
ü  3 ¹º�Ã¹º�®¯Ã²¹º�®¯ �J�¸��  

��f������	
��æ'cw¹º�c7|pb�«ýaRw¹ºS�Ã¹º��c��æ'R8yi

ajÝ� ¹º��������Zü ��stj�

�

�

�

�

�

�������ïð±î�¾pn�÷c ���# Z�paj¢�a	�÷�δρ ′r( ) = −0.01R�w

δρ ′r( ) = +0.01R�Zç`np
j�������	�u����t
������½RÙ

Ú�èéwδρ ′r( ) δv r( ) < 0c� ÒÓ�!"Zç`wδρ ′r( ) δv r( ) > 0c� ÒÓ�#$Zç

tjü �� ¹ c�� # �ÙÚZ"%
�f�	��� �����ÛÚw��mcµ�R&3

t
�fZstjü �� 'c�� . �"%aÙÚ�	��� #Ã+Ã��µ�R&3t
fp�

�fRµ�
j�

üü   1  ¹¹º �Ã¹º �®¯Ã²¹º �®¯ �J�¸����

üü   4 Au4 ��������((A,B)��

A B 

üü   2��¹ºSÃ¹ºS®¯Ã²¹ºS®¯ �J�¸���



33P135 
�������	
��������
���� 

QM/MM���G������� !" 
 (#$#%*, NEC**) &'()**+(,-.**+/012*+3456*+'7� 8*+ 

9:;2*+(:<=* 

A theoretical approach for QM/MM boundary problems based on 

spin density and bond-order versions of linear response functions 

(Osaka Univ.*, NEC**) &Shusuke Yamanaka*, Kazuto Nakata**, Yasutaka Kitagawa*, 

Takashi Kawakami*, Kizashi Yamaguchi, Mitsutaka Okumura *,Haruki Nakamura* 

 

>?@ 
� ABC%DEC%(QM/MM)F�G8+HIJ�K%L�MNOPQRSTUVWX�YZ

G[\]�^_`�ab]-c�deRfg]b�hi�j�[Y� QM G�HBPQ��

_`8+K%�kl(0.1~1kcal/mol)�mnopqrKstR+ucA�Ykl(0.1eV)pv;�

wxyz{|}p~���d�\]b�h��+qr����n����+�+�����

�RST����g��^\]b�DEC����+��i��v�HB��RßH�p�

~��]\�V����.��Yv ¡+QM/MM _`�klR¢[£¤[Y¥]b�

(QM/MM ���G)h¦��G��\] QM/MM ���STUbR�§��p¨©ª«R

¬���R�[\+®¯°�±²zGM³²´�£BG�+DEßH�p�~���ZG

����§¡
µ�Y¶�]~�¡·�¸¹Rº]bYbh 

� }»p8+�^_`�ab]8¼�x£BGY��½¾�¿IY QM/MM��STUbR

�^\ÀQM IÁRÂv#~�S�Ã�pklÄÅR�[bV�¡j�Æ�Ç�[Y¥]

b�h�G8¦�ÈÂv#~�S�É�ÊË��XpÌT+ÍÎ8 QM/MM���§�T{

¦���ÏcR�G[\�hËb���YÐ+ÑÒ�ÓÔ¡v ¨© 

 δρ(r) = d ′ r δρ(r) δv( ′ r )( )∫ δv( ′ r ) (1) 

�ÕÖ×Øv�
ÙÚ¤B QM/MM ÛÜ¼�Ý���¨©δv( ′ r )RbÞ�ß¶��Þ+[

bV�GÏcpÌ����\+ÍÎ8 QM/MMÛÜzK�àJ¡�¦�p��álâã�

ÞRÙ-¤Bδρ(r) δv( ′ r )R_`��päå+QM/MM��Ïc�æçèéç�Rê���

R�[\ÓÔRëg]~�[1]hì�í�éî�y¼w�"èJ�ïð¼´x���(vBñ

C%_`��òóéÇ��¼�Ý+WHAM G��� Potential of Mean Force � ß��ôõ

ß)��\] B3LYP/ 6-31G**_`+�����
¸öR÷ø\+�����
ù0.001 �úû

p8�I��R*\�âã¡üÐ��{��i�8��ý� NH���8 CO��[��T+

ù0.01 �úûp8¨©âã8w�"èþKo��»��R�\�h�éî��w�"èJ

M+Ýz�"��Jp{�����R	]aT+¦�Ð���8¯¼w�"èJ�
^��

pÌ�[�Ð��h 



� 4��(1)p8���YH�δv( ′ r )����l�ñδρ(r)R�]b�¡+�ÓÔp8¦�

R��\+��	
��ñδPij (i[ j8 QMIÁo�L�Ççy) 

 δPij = d ′ r δPij δv( ′ r )( )∫ δv( ′ r )  (2) 

���Y��δvm ( ′ r )�������l�ñδρm (r)  

 δρm (r) = d ′ r δρm (r) δvm ( ′ r )( )∫ δvm ( ′ r )  (3) 

R¸ö��[\�h_`ì[\]��Ý ���(�ç�� Fe(III)��ñRê������

la����

��l�ñR

Figure 1��h

�ñ8��¯

z��¼� 

4�M�»K

\+À¯z��

¼�¡!ç�

��H�a�

�����"K���#$IÁ�Y¥]b�Ã[bV«%&'K%p(�)Ð���÷R

L*\]b�h�ñâã�M�+r8��Ý ��� pdb��(2cmm)�M�+r�O¤\]

b�h 

Fig. 2 �8£Bõ�p�

ø,��������


 {δρ(i) /δv( j)}i, j=1~37�

� ´y((a)�la��

(b)����l)R�h

index27 -.¡�IpÌ

T+����Z8�I4

��âã¡¦�¸/l�[�0Y�(þ1)+����ñ¡!ç��� d23[¯z��¼��

423� d-4567^�O¤\+4-8567^p8âã¡ß¶b�¡vÞ�h��	
��

���M9:+;�«<�=vBJ�����8>?ªõ�@cpÌ�h 

 

>AÊB@ 

1. S. Yamanaka, et al. AIP Conf Proc 1504 (2012) 916; K. Ueda, S. Yamanaka, K. Nakata, M. Ehara, 

M. Okumura, K. Yamaguchi, H. Nakamura, Int J Quantum Chem. 113 (2013) 336; S. Yamanaka et al. 

J. Phys. Conf. Proc. submitted. 

2. S. Yamanaka, et al. J. Phys. Soc. Jpn. sup. submitted. 

   

 (a) (b) 

Fig. 1.  Fe(III)��ñRê�����(a)�l, (b)����l�ñhúû8 0.01.   

   

 (a) (b) 

Fig. 2.  Ççyp�(a)�la��(b)����l�����
� ´y 



33P136 

Highly efficient analyses of I-M-I transition in quasi-1D metal 
complexes by elongation method 

(Kyushu Univ.1 JST-CREST2) ○Liu Kai1 Yuuichi Orimoto1 Yuriko Aoki1, 2 

 
  The one-dimensional (1D) d8 transition metals systems, [M(dmg)2, M=Ni, Pd and Pt, 
dmg=Bis(dimethylglyoximato)] have attracted a lot of attentions for their interesting electrical 
and optical properties. For example, the Pt(dmg)2 system (structure shown in Fig. 1(a)) based 
on molecular stacking units exhibits insulator-to-metal-to-insulator (IMI) transition [1] at high 
pressure with potential applications of pressure switch devices. For the further development of 
this kind of metals, we carefully examined the nature of this transition from the stand point of 
electronic structures . 

The structure of Pt(dmg)2, is a d8-square-planar complex with Pt-Pt distance of 3.26 Å in 
the direction of stack at normal pressure (shown in Fig. 1(b)). However, the distance of this 
metal bond (Pt-Pt) between two units will decrease when the pressure increases.  
Considering the stacking behaviors of the Pt(dmg)2 system, we deveploed the elongation 
(ELG) method [2] including the relativistic effectsby third order Douglas-Kroll (DK3) to 
theoretically simulate the chain stacking process for heavy metal included systems and 
examine the orbital energy gaps changes along with the increasing of unit size at different 
distance of metal bond. The different distance of metal bond represents the situation of 
Pt(dmg)2 system at different pressure. 

 

       
 

Fig. 1 The structure of Pt(dmg)2. (a). For one Unit, (b) For the stacking structure. 

The orbital energy gaps of 16 units of Pt(dmg)2 system, calculated by ELG with DK3 
correction at mini basis set of HF level, become narrow as the chain elongates (shown in Fig. 
2). Meanwhile, the orbital gap also decreases, if the distance of metal bond decreases. In other 
words, when the pressure increases, the electrical conductivity of Pt(dmg)2 system is 

(a) (b) 



enhanced because of the narrowing orbital energy gaps.  
In order to more accurately investigate the details of this gap changes, 8 units of Pt(dmg)2 

are calculated by mPW1PW91 method with large basis set. The LanL2DZ basis set is 
employed to include the relativistic effect for metal atoms, and 6-31G(d,p) for the rest atoms. 
  The orbital energy gap of 8 units of Pt(dmg)2 will 
decrease as the pressure increases. However, when the 
distance is less than 2.6 Å, the energy gap becomes large 
again (shown in Fig. 3). This energy gaps changes are 
very similar to the experiment data. When the pressure of 
the system increases, the Pt(dmg)2 system indicates the 
IMI transition. The orbital shape of the HOMO and 
LUMO is also compared as the metal bond changes for 
the distance of metal bond is equal to 2.3 Å, 2.6 Å, and 
3.2 Å. The result shows that at normal pressure (3.2 Å) 
the transition is attributed to dz2 to dpz. While when the 
pressure increases, the transition is changed to dpz to dz2, 
at the same time, because of the small energy gap, the 
material shows the metallic properties. When the 
pressure is increasing, the transition changes back again. 
However, the orbitals involving the transition become 
less. This change of orbital transition clearly explains the 
experiment phenomenon. Under the pressures, the orbital 
transition arises the IMI transition of Pt(dmg)2 systems. 
This findings will also guide us for the further material 
design and properties improvement.  

  
 

[1] Takeda, K.; Shirotani, I.; Yakushi, K. Chem. Mater. 2000, 12, 912.
[2] Imamura, A.; Aoki, Y.; Maekawa, K. J. Chem. Phys. 1991, 95, 5419. 

Fig. 2 The orbital energy gap 

changes by ELG method with DK3 

approximation. 

Fig. 3 The orbital energy gaps of 8 units of Pt(dmg)2 system. 

Fig. 4 The orbital shape of 

HOMO and LUMO.
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Development of open-shell elongation method and its application to 
ferromagnetic material design 

(Kyushu Univ.1 JST-CREST2) �Zhu Xun1 Liu Kai1 Yuuichi Orimoto1 Yuriko Aoki1, 2 

1. Introduction 
  Conventional (CONV) ab initio method has problem in treating huge systems as big time 
scale. Many linear scaling schemes including elongation (ELG) method1 have been proposed 
during the last decades. Most linear scaling methods are still limited to closed-shell systems. 
It is very desired to extend the initial closed-shell ELG method to be able to treat open-shell 
systems such as organic molecule-based ferromagnets, which have many advantages and 
applications.2, 3 We investigated the accuracy and efficiency of the developed open-shell 
elongation method for high-spin nonbonding butadiene radicals at the level of restricted 
open-shell Hartree-Fock (ROHF). Furthermore, we investigated the organic ferromagnetism 
using high-spin stability index Lij

min based on the nonbonding molecular orbitals (NBMOs) 
obtained by ELG at the level of ROHF. 
2. Method  
2.1. Open-shell elongation method 

  A target system is divided into N units 
and each unit is assumed to have an 
unpaired electron with up spin (see Fig. 1). 
The eigenvalue problem of a starting 
cluster consisting of A and B parts is 
solved to initiate the elongation method. 
Canonical MOs of the starting cluster is 
localized into A1 part and B part. Next, an 
attacking monomer M is added, and the eigenvalue problem of B and M is solved. After that, 
the B+M part is localized into A2 part and B part. The procedure is repeated until the desired 
system size is reached. Cutoff technique can be included to speed up the calculations. As the 
eigenvalue problem is only solved for the B+M part, if the coupling between A1 and B + M 
part is below threshold, A1 part can be ignored during the self-consistent-field process without 
introducing big error in the next step. Finally, the total energy is calculated including the 
cutoff part.  
2.2. High-spin stability index Lij

min 
   As it is still a challenging problem to obtain the exact energy difference between the 
lowest spin state and the highest spin state for a system with degenerate NBMOs, a high-spin 
stability index Lij

min was proposed for quick design of organic ferromagnets.4 Based on the 



NBMOs obtained by ELG method at the level of ROHF, we can obtain Lij
min as following: 

(1) Perform unitary transformation on NBMOs in iterative way as 

                     (1)    

where   is the transformation parameter and the optimized   generates the Lij
min value that is 

the minimum overlap of coefficients of NBMOs. As Lij
min varies with  ,   should be 

optimized in iterative way, and the detailed process of obtaining   can be seen in Ref. 4.                 
(2) Calculate the Lij

min value4, 5 as 

                         (2)   

where Lij
min corresponds to the minimum energy difference between the lowest spin (L) state 

and the highest spin (H) state, that is, �E(L-H) = E(L) – E(H).                                     
3. Results and discussion 

  We have performed calculations for model 1 in Fig. 2 at 
the ROHF/6-31G level of theory. The distance between two 
units is 6  for the test. The number of units in the starting 
cluster is 10, and 5 units are added each time. The first 
cutoff calculation started from 25 units. The threshold of 
density matrix is 10-8. The deviation of energy (per atom) from the 
conventional calculation is shown in Fig. 3a. The largest deviation 
is 1.90	10-8 a.u. per atom. As shown in Fig. 3b, the CPU time of 
elongation method is faster than that of conventional method when 
the system is big enough. We have also performed ELG 
calculations at the level of ROHF/6-31G(d) for model 2 in Fig. 2 
to obtain Lij

min, the number of units in the starting cluster is 6, and 
1 unit is added each time. �E(L-H) obtained by conventional 
method at the ROHF/6-31G(d) level can indicate the level of 
ferromagnetism. As shown in Fig. 4, �E(L-H) increases with Lij

min, 
which means Lij

min
 can indicate the degree of high-spin stability. 

  It indicates that the combination between open-shell 
elongation method and Lij

min index is promising for huge systems 
and quick design of organic ferromagnet. 
[1] Imamura, A.; Aoki, Y.; Maekawa, K. J. Chem. Phys. 1991, 95, 

5419-5431. 

[2] Crayston, J. A.; Devine, J. N.; Walton, J. C. Tetrahedron 2000, 56, 

7829-7857. 

[3] Barone, V.; Boilleau, C.; Cacelli, I.; Ferretti, A.; Monti, S.; Prampolini, G. 

J. Chem. Theory Comput. 2013, 9, 300-307. 

[4] Aoki, Y.; Imamura, A. Int. J. Quantum. Chem. 1999, 74, 491-502. 

[5] Zhu, X.; Aoki, Y. Curr. Phys. Chem. 2013, 3, 99-112. 
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Figure 2. Selected models. Black arrows
are unpaired electrons with up spin

Figure 4. Variation of 
�E(L-H) with Lij

min 

 for model 2        

Figure 3. Comparison of energy 
and CPU time between ELG and 
conventional methods at the      
level of ROHF/6-31G for model 1
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Through-space/bond interaction analysis on NLO properties 
enhancement of molecular switches 

(Kyushu Univ.1 JST-CREST2) ○Jiang Lizhi1 Yuuichi Orimoto1 Yuriko Aoki1, 

 

Recently, the nonlinear optical materials with controlled switching properties draw a lot 
of interests, because such kinds of materials are good candidates for optical information 
storage devices, and photoresponsive materials, as well as biosensors. A good NLO switch 
should exhibit an enough large difference of the response between the two states. To date, a 
variety of the NLO switches have been designed and investigated experimentally and 
theoretically [1-2]. There are several kinds of the molecular switches, of which, the 
transformation can be caused by the acidochromes or photochromes, and so on. In this work, 
we focus on the acidochromic induced tunable NLO switches, closed form (CF) and open 
form (OF) of (10-ethenyl-indolino[2,1-b]oxazolidines), as shown in Fig. 1. When the pHs of 
the environments change, the structures of the acidochromic compounds are tuned. The 
transformation of the structures can be detected by comparing the absorption spectra. 
Although the designs and investigations of the mechanisms are increasing, the further deep 
investigations of the mechanism are still on the way.  

Fig. 1 The switching procedures of target molecules (10-ethenyl-indolino[2,1-b]oxazolidines). 
 

This mechanism of the switchable properties can be examined through orbital interaction 
perspective. The concept of through space/bond (TS/TB) orbital interaction which was 
originally proposed by R. Hoffmann, et al.[3], is very useful in demonstrating the mechanism 
of the stereoelectronic effects and charge transfer. Our group developed the TS/TB orbital 
interaction analysis in ab initio level[4], in this analysis, the interactions between orbitals are 



estimated quantitatively. The procedure of the 
TS/TB orbital interaction analysis in ab initio 
level is by modifying the exponent α of the 
Gaussian-type orbitals (exp(-αr2)) in the basis-sets. 
In the procedure, the estimation of the interaction 
between hydrogen-like atoms A and B was 
considered as an example (Fig. 2(a)). AOs r and s 
belong to atoms A and B, respectively. The 
absolute magnitude of the exponents in the 
Gaussian-type functions related to the interaction 
between r and s should be increased gradually until 
orbital overlap is completely eliminated. And the 
π-π interaction is deleted as shown in Fig. 2(b). The finite-field(FF) method has been applied 
for the (hyper)polarizabilities calculations. All the molecules are optimized at HF/6-31G(d), 
and the polarizability and first hyperpolarizabilities are also calculated at HF/6-31G(d) in 
GAUSSIAN 09.  

For the OF system as shown in Fig. 3, the first hyperpolarizability β is 6300.49 au. The β 
of the CF is 712.99 au. The ratio of the β between OF and CF is 8.84 (OF/CF). The big ratios 
of the hyperpolarizabilities between CF and OF suggest that these kinds of molecules will be 
a good candidate for the molecular switches.  

There are two assumptions of the 
effects that cause the big difference of 
the hyperpolarizabilities between CF 
and OF. One of the factors causing the 
large hyperpolarizability of OF may be 
from the electron transfer (see 
Fig.3(a)) , another one may be come 
from the interaction between the cation 
and anion formed after the ring is open 
(see Fig.3(b)). 
  The mechanism of the enhancement 
of the hyperpolarizabilities of OF 

molecules is analyzed by evaluating the TS/TB orbital interactions. The investigations are still 
on the way.  
 
[1] Nenon, S.; Champagne, B. J. Chem. Phys. 2013, 138, 204107. 
[2] Sanguinet, L.; Pozzo, J. L.; Rodriguez, V.; Adamietz, F.; Castet, F.; Ducasse, L.; Champagne, B. J. Phys. 
Chem. B 2005, 109, 11139. 
[3] Hoffmann, R.; Imamura, A.; Hehre, W. J. J. Am. Chem. Soc. 1968, 90, 1499. 
[4] Orimoto, Y.; Aoki, Y. Int. J. Quantum Chem. 2003, 92, 355. 

Fig. 2 The procedure of TS/TB orbital 

deletion. 

Fig. 3 (a) The electron transfer along the backbone 
of OF, (b) electron interaction between the anion 
and cation in the OF. 
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