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Strong electron correlation via spin-flip excitations within spin-complete space
(STI, Kobe Univ.,' System Informatics, Kobe Univ.?) OTakashi Tsuchimochi,' Seiichiro Ten-no'”
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Development of the hybrid exchange-correlation functional
in real-space grid DFT and its application

(Tohoku Univ.) (OH. Takahashi*, H. Kanbe, A. Morita
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Ab 1nitio calculation of surface excited states with Green's function
(IMS1, Nagoya Univ. Info. Sci.2, IMaSS?) David Sulzer!, Satoru Iuchi2, OKoji Yasuda3
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Static electron correlation calculation of large systems with
the divide-and-conquer Hartree—Fock—Bogoliubov method
(Hokkaido Univ.t, Kyoto Univ.2, PRESTO-JST?)
oMasato Kobayashi?3, Tetsuya Taketsugu??
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Fig. 2. Torsional potential energy curve of p-PQDM

with n =10 (cc-pVDZ basis set, {=0.7).
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Fig. 3. Computational times of the standard and
DC-HFB calculations of p-PQDM for the first SCF

cycle (6-31G basis set).
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HFB L XL D L o7z,
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Development of non-local excitation calculation by using coupled cluster
linear response theory based on divide-and-conquer method
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JECIRREREI L., JR AN DI LT N3 LA LD FE 2 2 b GHERE, ATV &) 24
FL5, ZORMBEZFERT X SERBGG 28 H L ONWZIL DT 23A 03 72 ST 72 [1), Jib
L EFFORFTRIZIZZ O X 5 BRI EZCTH L 08, FERTELIE REECE M S E)
JEbL 72 & OIERFTEI I T A T & 72\, UAFZEE TIE o ERTE(DC)E [2,3[12 35 < B /g
A4 O RS R 2 RAE D TEEZ % L CX 7=, ZiUE T Hartree-Fock (HF)¥ X U
FEPLBIECHER 1T S < FIEDBRE S, TOAMENR RSN TE 2, I OICHAETE O EREE
FHER(CPSCR) & fi# < R 0 12, SLHENAHITEI(RPA) HFEAB L OV ) — B2 o 2 &
THHE A NORBLAIZHEPI L TE 7o, AR TIX, CCSD OE L 5225 1+ 28 1
JhLAE S 7 T A X —#IEIE (CCSDLR)[5] 35 & 18 CCSDLR/RPA[6,7]% FVN T, b lf o 2%
H Y BfTo7n, F72 DCIEICHEIRET 2 2 & Tk E KRB E IR REH RIE O &2 B g L 7=,

[
BRI o ) TP E D JEE . () (kL TR\ 2™ 1),
R I5 O W B BRI IR IE DT H & & 7, JEECIRTE|0) B S
IRAE[m) ~ D = LR — A T D B B omg B L ORE T3 2|
JE fog lXENZENRATEHZ HNLB[8], 3
e(w,)e? - a(o )o? g
"\ a)-a@) - |
2 o2 1 1 Frequency o
fg = (. w_)/(a(aL) a(a)_)J @) Fig. 1. Frequency
ZIT. o, odIMEEHO 2 RORERTH 5, dependent polarizability.
B SRR T AU - — A > MTHI d & ISEBE D(w) 2 W THEIETE 5,
a(w) =-Tr[D(w)d] (3)
CCSD (T8} 2 IEHE D(w)iX, 2 FHuE(MO)IEIE{p, g} HW TR TRHE SN D,
D, (@) =(0[1+ A°Jala,, T*]0) + (0]A'a}a | O) @)

T2 ClO) B MBI, a)f, & X TN EIER - MRER T TH D, T, AT ENEEE T
Bih i m - Cch D, MIB@HRBICKHT D T, A (Z#@H O CCSD {EIc kv Bohn 5,
CCSDLR/CPSCF TlIIJEEEolzxtT % 1 kiEH) Tt 2 KA OIEHIE A5 B A 2R
éo



0=(s,DId|0)+(S,D[[H,T*]- @T*0) (5)
d, HFZNZ N AP A T L HNNINV =T Th b, |S)| D) 1ETHIE, 2 & 7
HERTHE, =T L0 3P =exp(-T)pexp(T’) & LTEREN TS,

CCSDLR/RPA TiE 1 AESE) 1 B Hhill A 1 Tit OFRE L, 2 B IEE 7 T O L 2K
ROBIEHFERHEL,

(S|Htwl|S)  (S|H|D) ]{

(DH|S)  (D|H twlI|D)

b
t,

(6)

DC IE~EIRET 2 8HA12IE, T°O, A%X DC-CCSD[9]iz L v, T®), A% DC-CPSCF % 7=1% DC-
RPAIZEVEIR END, MO ROIGEEEIZZEN L ZHOWTRANGEFE SN S,

1+ A® )[a;aq T ] O(S)> -+ <0(5)

| (s]a+A%d]o)
| (D]a+A")d]o)

DR (@) = (0

Al(s)azaq‘0(5)> (7

Z 2 T)09) XA T DEYRICIEED Fermi HERLLL T DR MO 22572 % Slater {15 TH %,
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RO NS D, TOID, EROIEFEFEATHIOFFIIE, T Hul (AC) KK D/ HIBIEL P, 2 F
DMENRD D,
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° 0 (other)
DC-CPSCF #5 J: U DC-RPA T 57 5% DISEHE FEATH D(w)lZxt LT MO JLJED 5 AO S~
BDBIEEL 72D,

[ 5 & B4

CCSDLR/CPSCF, RPA 75 i & U 2 i = 5L 5 — 5 J OB 730 DR A # 1 10w
T, FHEGGIIAR Y = CroHua, FEEERIRUT 6-31G** & U=, EHE 64 DL, HOMO-LUMO
Jibike (X 2) (ZHH49 %, CPSCF I3V IR LEHRZ MBI LT D70, SRR ORI TR AR
9, B BICREEAE U s, RPA CIBHE 04y

AEEICX AT, FERIEDRRE A FERT 5, A29900009%%

DC-CPSCF /B 5372 phit = r /L —, #RE) 58S LN HOMO
FHE A NEE 218 T, FHEXRITARY = CxHx T, 2 9
SRR 6316 2 Flv 7. 0C e s i on, VDO PPPPPP T
Th v iEEEkIIAEAIC 3 2=y FELTEREL, DC- LUMO

CPSCF Tid, CPSCF & R DFEEE TRl 4 HAgs 2 Fig. 2. HOMO and LUMO of polyene
TLEMTXAB, F£7- DC IETIIERE L Y LKV EHE o 2 corresponding to first excited state.

N ChRhEIRREEI R 5 Z L BATRETH D,
Table 1. Excitation energies Eex (€V) and oscillator ~ Table 2. Excitation energies Eex (€V) and oscillator
strengths f of polyene calculated by EOM-CCSD, strengths f of polyene calculated by EOM-CCSD

CCSDLR/CPSCF, and CCSDLR/RPA. and CCSDLR/DC-CPSCF, and CPU time.
Method Ee (€V) f Method Eu(eV) | CPU (hours)
EOM-CCSD 4.59 2.51 EOM-CCSD  4.27 401 1.33x10°
CCSDLR/CPSCF 4.63 3.57 CCSDLR

2
CCSDLR/RPA 459 253 jpc-cpsce 3 500 1.04x10
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[F] 7K¥&%* C Monoethanolamine (MEA) [, CO, EDUHZEY MEA /71— 3 A—RA4> (MEAC)
EIkFEAL MEA (MEAH) 2MERRT 2205 TOD[1], ZORIGSTHE, (HEQ)RDIHNTYT 4o H
—AF (MEAZW) &) RS RAZ R 328 E3) XD IDIcTIy, CO,, A B @ 3 772
[F] RV S D B S EBR AR R EN T D, RBFFETIE, 8RB T8 1 Fat E A>T, &
— N A—NMERBUS D SUSHMEZ R, SOIZUS RO B 3L —Z{b a2 LN 5,

R-NH, + CO, <= R-NH,CO, (1)
R-NH,CO, + R-NH, < R-NHCOO + R-NHj" )
R-NH, + CO, + B < R-NHCOO + HB" 3)

P

ZZ T, RIF HOCH,CH,-#T#%, B {3 R-NH, HL<IF H,0 Tho,

[FHE F1E] 2 TOFEIL Vienna ab initio simulation package 5.3 (VASP5.3)[2,3]%1# >, Born—
Oppenheimer 4318 /1% (BOMD) #HIZEVA /=5 NVT 7% 7 ) CEITSN, IREIT
Nosé-Hoover WA 128D 300 K IZHI#EIE 4172, MD ORFAT Y131 fs ELT2, AA L DRT v
PAW 5%, ZZHUHBATRIL— B L ABUT L%, van der Waals fH A /EH X Grimme @ DFT-D2 % v 7,
WHE 15245 1 53 F L8 100 53 F DK F 030K UL RV NIZ ARGV, RSO B =L
X —IAFZ A F I A(MMD)E T )L— L=+ T B 7 IWBME)Z LV R SN [4],

[ 5L 22] KT O MEAZW (2O TD BOMD #H51E, 20 ps~20 ps # (2 MEAZW 750 H
FEIIRKFEE T HILTZ, BZ22H 0 BOMD ClX, MEAZW MRIEEIZ CO, Z it L7z, ZDZEMNBIKEE
W TIE, /K513 MEAZW ) H0 CO, BBfEZ M2 A Te L [RIRFIZ, K RA RS E 5% H &1L C
WHZENDND, Guido HE Ma Hid Car-Parrinello 4718 /) 5(CPMD) &t 2> T, MEAZW 23 /KA
R TR IE THHEN)IFE R AW LTZ[5,6], CPMD OfE R EF 4 D BOMD Oft#i%, L1612 MEAZW
DIFEZE T T 505, MEAZW D2 EMIZ OV TIE—EL72\, Figure 1 1 MEAZW (Z MEA % 1 )+
N Z 7= /K IR D BOMD RS RO AR, ZOKIETIX, MEAZW Ofii/k#%, Grotthuss #
#1220 MEAH 23MERT 2854 & MEA IV E (MEAA) AT 2355105 h T,

Ma 51 CPMD-mMD E% - C, /KIEHEH D MEA & CO, DGR O B =R X —2{bniEe
A ETRNZEETRILTZ[6], Fox BENDIRY, CO, WA B RO RARH ONDMEIZ —27~—28 kI
mol”! THH[7-9], ZOR—EDRERER L, HHZRLX—Ta7 7 LOHT, ERE=T LA
5 MEAC ~DO/KFEBEND T HRRKIEL TNDHI2HEE 2 HID, mMD 1Xd5FEOKIGD B =R/
—FEREA RN E R CELD, AN 53 2GR FE RV ISICE > TS T 556
2, HHEZ RV —FHERREETHD, Frex it Ma HRFEITLIEWLK DD FE K IZ DUV T BOMD-



mMD THFEFHE L, BOMD-mMD Oji ] 75 R #E72 SOS 1256 U TR OR IR 4 [E 2 4% BOMD-BME %
FATLC, JVaEMiZe A = f X —7 a7 7 AV aRD D,

BHN T H AT RX —[EEENDLL T OZ L2370 > 72, BOMD-mMD %, MEA ~® CO, f&& D H
H = L —[#EE 3K 54 kI mol! TdhHETIL 7=, BOMD-BME (%, MEAZW Dk D H = F /L
F—[EREI3K 15 kI mol! THY, MEAC X MEAZW JV#) 4 kI mol! 22 T DT LaRw LTz, TR H
1%, Fx A3 O BOMD 2L > T2 MEAZW O H 3172 ik 38 Of R 3 F5 9%, BOMD-mMD &
BOMD-BME D ifj T-1:%{#->T, MEAH & MEAA Ofii/K#ED H =X —[EEEAFH R L7, W Tk
I3EHIZ MEAH 258723 MEAA ZERRIZ AR THFITHHZ AR LTZ, MEAH Oi/KHE O B BT 3/L¥
—[EE#(%, BOMD-BME (25T 44 kJ mol”, BOMD-mMD 25T 49 kJ mol! L F IS, ZAHDIHE
R AR ST T 2D RS DD EBRIE(54 kI mol )T~ TR /INED-T2[10,11], FERISD H
TR — ERE A A ST T TELNA RS 2RO B = L8 — 2501349 — 25 kI mol! THY, CO, %
IS B 0D FEBRAR(— 27~ —28 kJ mol )TV [7-9],

2% 3R
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Fig. 1 Schematic drawing of two reaction routes after deprotonation of MEAZW in aqueous solution
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Supramolecular Polymerization of SOPV Monomers: A Molecular Dynamics Study
of Dimerization/Tetramerization Mechanism

(Department of Chemistry, Graduate School of Science, Kyoto University*)

OHadi Arefi*, Takeshi Yamamoto*

[Introduction]

Supramolecular systems characterized by complex kinetic pathways has been receiving much
attention recently as a new class of materials. [1-3] S-chiral oligo (phenylene-vinylene) known as SOPV
is one of the examples of such systems [2,3], which is capable of making supramolecular polymers via
kinetically metastable pathways and produce various polymorphic self-assembled structures. [5] In
particular, it was experimentally shown that under specific temperature and concentration, SOPV can
form nanofibers with different helicity (referred to as P-SOPV and M-SOPV) (Fig.1). Upon heating the
kinetically formed aggregates (P-SOPV), which is a metastable state, was found to slowly transform
to a thermodynamically more stable one (M-SOPV). Based on this observation it has been claimed that
SOPV polymerization involves two distinct aggregation pathways, namely off-pathway (leading to P-
SOPV) and on-pathway (leading to M-SOPV). The choice of solvent is also known to be crucial for
nucleation processes and product yields. It is therefore imperative to study the underlying mechanism
of SOPV polymerization, and here we study the initial stage of polymerization (namely,
dimerization/tetramerization) as the basis for understanding the subsequent elongation processes.

[Method] \
¢ }—;O ’() o \ i
We performed molecular dynamics (MD) simulation of the il . g - Fio 1
. . / H NH 18.
aggregation process of SOPV monomers using the Gromacs ., Y .

program package. The system consists of SOPV monomers
solvated in methylcyclohexane (MCH) in a cubic box of about s i
120 Angstroms (totaling about 50000 atoms). The solute and :
solvent were modeled with the General Amber Force Field

(GAFF) and OPLS-UA, respectively. By using GPU and = —

hydrogen mass repartitioning, we ran several tens of
trajectories up to a few microseconds starting from various

initial conditions and performed statistical analysis to obtain Disordeed aggrogate  Nocleus Heical aggregates
atomistic insights into characteristic binding modes of dimers

. Meijer et al: Nature 481, 492-496 (26 January 2012)
and tetramers in MCH.

[Results]

1. From the comparison of dimerization in the gas phase and in MCH solution, it was found that the
solvent effect is crucial for the final structure of a single dimer: [Fig.2]

a. The dimer in the gas phase takes a compact stacked form, which is due to the dominant m-
I interactions between the main aromatic chains.



b. In MCH, solute-solvent van der Waals (vdW) interactions win over the m-m stacking
interactions, resulting in an open extended structure of the single dimer.

2. The assembly of four SOPV monomers in MCH (starting from 22 different initial configurations) all
reduced to either (a) displaced parallel dimers (called P-type) or (b) cross-shaped dimers (called X-
type). The crossing point was located at the hydrogen bonding interfaces (HBIs) of the two dimers
[Fig.2]

3. Energy decomposition analysis showed that there is a competition between the solute-solute and
solute-solvent interactions. The X-type configuration tries to maximize the solute-solvent interactions
by taking an extended cross shape, while the P-type configuration tries to maximize the intra-solute
-1 stacking. It was also observed that structural interconversions occur in time between X and P-type
configurations, thus exhibiting a bistable feature. [Fig.3]

4. Although both structures have almost equal chance of occurrence, the X-type configuration was
found to appear more frequently than P-type counterpart. [Fig.3]

5. The X-type configuration shows double hydrogen bonds that connect two dimers [Fig.4]. This is in
contrast to P-type structures for which no hydrogen bond was observed between dimers.
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Development of excited state calculation and high accuracy
calculation in solution based on Lagrange multiplier approach
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W72tk ThH D, DI AA—Y U THOGRITIKERFP THOONDLZ ENIFEAETH
HTEMD, KEMEERBEL AEL - ECORIREFEALAEATHD, DL I 7%
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Adsorption mechanism of kinetic hydrate inhibitors on the surface of gas hydrates
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