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[Abstract] The photodissociation of deuterated acetone upon 195nm laser excitation were
investigated by employing the trajectory-based on-the-fly nonadiabatic ab initio molecular
dynamics (AIMD) simulations with the potential energies and gradients calculated at
CASSCF/6-31+G** level. The primary methyl radical dissociation take place in S: state and
yields to the linear 3s acetyl radical. When the C-C bond length increase to ~3.0 A, the 3s
acetyl radical splits into two distinct pathways, immediate cascade S2—Si1—So hopping
within 100 fs or stay in the 3s Rydberg state for a certain time (0.3-6.0 ps) before that. The
secondary methyl dissociation occur in the ground state of acetyl radical, and due to the rather
high kinetic energies, the ground state lifetime is short. The dynamical properties of
deuterated acetone, such as lifetimes of intermediates, correlation between vibration modes
and competition between different reaction pathways were analyzed.

[Introduction] Acetone photodissociation is a classical prototype of the a-CC bond cleavage
reaction, which plays fundamental importance in understanding the dynamics of the entire
class of carbonyl compounds. [1] Although the photodissociation dynamics of acetone upon
195nm laser excitation (So—S2) have been extensively studied, debates among three
mechanisms still exists. [2] The first commonly adopted one is “T1 dissociation mechanism”.
The Sz population decay to the T state via fast internal conversion and intersystem crossing,
then the primary dissociation take place by overcoming a low barrier and yield to the ground
state acetyl radical. Later, the linear acetyl radical was observed in its first excited state,
CH3CO(A), which relates to a much lower dissociation barrier compare with those leading to
the bent form CH3CO(A). This result supports that the direct dissociation in Si state may be
more favorable than the ISC to T state, and the mechanism is namely as “Si dissociation
mechanism”. Similar process can also take place in Sz state with a barrier of ~0.7 eV, then the
linear 3s acetyl radical, CH3CO(3s) could arrive the S2/Si/So conical intersection along the
basically barrierless potential energy surface. This “S> dissociation mechanism” was further
confirmed by high level ab initio calculations. [3] In this study, the on-the-fly trajectory
surface hopping dynamic simulations were performed to detecting the acetone dissociation
mechanisms started at Sz state and the preliminary results are presented.

[Methods] The on-the-fly trajectories are propagated by numerically integrating the
Newtonian equation of motion on the basis of the velocity-Verlet method with potential
energies and the corresponding analytical gradients calculated at CASSCF/6-31+G** level by
employing the MOLPRO program. [4] As the primary reaction coordinate is a high frequency
C-C stretching mode, the time step for the trajectory simulation is set as 0.2 fs. Along the
trajectory propagation, the improved Zhu-Nakamura formulas [5,6] were utilized to calculate
the global nonadiabatic switching probability at the avoided crossing points, which were
detected by locating minimum separation between two adjacent adiabatic potential energy
surfaces in three consecutive time steps. The surface hopping detection along trajectory is
activated when the potential energy gap is smaller than 0.5 eV. For the detail description of
this surface hopping method, please see ref.5.



[Results and Discussion]

Within the simulated trajectories, the primary a-CC cleavage take place prior to the S2/Si
surface hopping, which agree with the “S dissociation mechanism”. The direct dissociation
precedes via joint contribution of OCC bending and C-C stretching modes. Accompanied with
C-C bond breaking, the acetyl part become linear and the methyl radical lie in the
perpendicular direction to the central carbon atom. As shown in Fig. 1, the S2/S1 hops can be
classified into two categories with CC bond lengths of ~1.5 (A) or ~1.9 A (B). For the latter
case, the CO bond may be triple or double and which distributed in wider region up to 1.3 A.
For the consecutive Si/So hop, the CC bond length of category A ones stay in similar region
but the CO length evidently increased. For category B, the CC bond distribution move to
smaller region, however the CO region slightly increased. The OCC bending and HHHC
umbrella motion were enhanced at S1/So hops, which is due to the larger kinetic energies that
conversed from potential energies. In between the acetone primary a-CC breaking and S2/S:
surface hopping, the lifetime of 3s acetyl radical span in a very wide region. About 40% of
acetyl radicals stay in 3s state for less than 0.1 ps and the rest ones possess much longer
lifetimes up to 6.0 ps. The entire decay procedure of 3s acetyl radical to ground state is
ultrafast with a time constant of sub 0.1 ps. The secondary methyl dissociation occur in the
acetyl radical ground state, where the equilibrium OCC moiety is highly bent and the methyl
radical leaves in semi perpendicular direction to the CO. Due to the high excitation energy of
195 nm laser, the ground state acetyl radical possesses rather large kinetic energy, which will
result in short lifetime.
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Fig. 1. Selected internal coordinates for conical intersections. Category A and B S,/S; hops are in blue and
green, respectively, and the corresponding consecutive S;/So hops are in cyan and red.
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Photoelectron spectrum of NO,
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[Abstract] Three-dimensional potential energy surfaces around the local minima of NO,~
and NO, were calculated with the SAC/SAC-CI analytical energy gradient method to
generally include the anharmonicity effects. Therefrom, the equilibrium geometries, the
adiabatic electron affinity of NO,, the vibrational frequencies of NO, and NO; and further
the ionization photoelectron spectra of NO, were obtained. The calculated electron affinity
was in reasonable agreement with the experimental value. The SAC-CI photoelectron spectra
with the Franck-Condon approximation including the rotational effects reproduced the fine
experimental photoelectron spectra of NO, at both 350 and 750 K observed by Ervin, Ho,
and Lineberger. The results showed that the ionizations from many vibrational excited states
as well as the vibrational ground state are included in the experimental photoelectron spectra
especially at 750K and that the rotational effects are important to reproduce the experimental
photoelectron spectra. The SAC/SAC-CI theoretical results support the analyses of the spectra
by Ervin, Ho, and Lineberger, except that we could show some small contributions from the
anti-symmetric stretching mode of NO, .

[F] NO, OFEBRDONE A7 hLid, IKIR(350K, Figure 1) & & & (700K, Figure 2)
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Lic&tZ A, MFDOART MVOFRE LSBT 5 Z &Ik Lz, IRENIKEE

TR EFMREEZZETHZ LT, B— 7@%Etif@<zmﬁkw@ﬁ%ﬁﬁ#
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728, 350K TIEHNZR W LWE—27 & LTEHISNTWD Z ERB NIRRT,
F 7=, electron kinetic energy 5\ Vi (1.45~1.55 eV) CTHER AT ML 7 T » MZ
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Figure 1. Experimental and SAC-CI photoelectron
spectra at 350K including rotational effects of NO, .
The SAC-CI theoretical spectrum is the sum of the
contributions from the vibrational ground state (a)

and from the vibrational excited states (b,c,d).

[BHEE] ADFIERRIT. HIRBL AT TS
NEbOTHY | EEHNZLET,

[ 2 3C#R] [1] K.M. Ervin, J. Ho, W.C. Lineberger, J. Phys. Chem. 92, 5405 (1988). [2] M. Ehara, F. Oyagi,
Y. Abe, R. Fukuda, H. Nakatsuji, J. Chem. Phys. 135, 044316 (2011). [3] T. Miyahara, H. Nakatsuji, J. Comp.

Chem. 2018 (in press).

700K D A7 R UIZIZ X 0 E W EERRRE
7R o7,

Relative Intensity

MDA T AR EEN 3 HETD

Electron Binding energy (eV)

2.4 2.3 2.2 2 1 2.0
1 L 1

20
1% Exptl.
: (700K)
I : A
= 104 : L
S [ s
< |
o FNY
+xE g @ potat
J vs-tnﬁf} B P
20 00 »Mfir’ L
' 11 12 13 14 15
i SAC-CI
(700K)
(x1)
1.0 A
p B+t
o by A+al
+X° o X0 [
’0 > IWLAR ¢ e e 3w v
At A R
1:0' /% B éé A 1’:’20 3I° (a)
00 et 2 (x1)
(1)(5) -3 ) 1273, (b)
00 2R % (x2)
02T T T iR
A (x10)
Sle e . 1£233,(d)
vl /¥ e A&l R 4 (x5)
P 20
ool & A s i (x10)
i E— ()
g 83 | 1;3 & 1:;3‘ 123 (><50)
] PR 1)
000 [/ s T\ J/\ jV\J Ny\(xso)
10 11 16

Electron Klnetlc Energy (eV)

Figure 2. Experimental and SAC-CI photoelectron
spectra at 700K including rotational effects of
NO, . The SAC-CI theoretical spectrum is the sum
of the contributions from the vibrational ground
state (a) and from the vibrational excited states
(b,c,d,ef,0).

SHELRIERFE Y v & — ORI &

RG2S



1E12

E)JE‘J?‘&&FE:‘@E’&EE%E%"%?: H;" + CO — H, + HCO"
"B KH, BRI, CEARKT
<¥@?@#,E%%ﬁ%Hmm
Spectroscopy looking into Reaction dynamics: H;" + CO — H, + HCO"
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[Abstract] “Spectroscopy looking into Reaction Dynamics” is a new field to know the
reaction mechanism through comparing molecular spectra of reaction products with the IVR
(Intramolecular Vibrational energy Redistribution) studied by ab initio
direct-dynamics. An example dealt here is astrochemically important reaction H;" + CO —
H, + HCO". IVR during the reaction has been discussed and successfully explains the
unique feature of the spectrum observed for the product HCO".
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Kié&\éﬁﬁﬁwfmdﬁ>:imfmﬁ EDD DI 7 F N BII S 513

(0,4%,0)7 EEIROZEAIRB B S LD 20 E L IVR OFLSD D FLLRR  EERE R
ﬁ)iilii SNTW5, 22T, Fxld, &FL (time step) T ab initio 5y 1 flaE L TR
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IL. Direct dynamics (753%)
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[Abstract] Ro-vibrationally averaged structure of a linear tri-atomic molecule is to be
"observed," theoretically and experimentally, as being bent. For such bent averaged structure,
the dipole moment of the A-B-A type molecule such as CO,, consisting of polar bonds, would
be of non-zero value, but actually is observed to be 0 D. The reason for seemingly
incompatible result is discussed and clarified theoretically and numerically from the view
point of computational molecular spectroscopy.

I. ARDOEH

Ab initio 57 {¥E{EFHH TR ¥ 7= Potential Energy Surface (PES)D T = v 7 [X, & D
WAt (PES oM/ ME) | #EENEL (PES Oi=R) 3 L OB -HER (FBffoAi) 72
ENEREZ MMM LIS FHLTWDE LTINS, Lo L, ERMEITIRENEHES L T
B TAZOWTHIE ST E72 DT, BlERE O HIEE - [l FRE IR L T
HENT-HFRETH D Z ENNETH DM, PES EO KRB OSRRE TOFEIZE
Sy TCIER VO T, W IS COy g, FIRENEL, PR F-REsR O HEAE &
FEBREDHI THEEINTVDIONREFTHDH, ZNT, TWVDOTHAHN? ik
FHRERICET D HEHNIZ2 VDT, ZNEXCoTREI EWVIONRE—DEHETH 5,

PES/HSELREE CHUIMEZ B> T\ D0 1% TEHBRY ) EEFRT D (ot
DOEREH) . FxlZTTIZ, WS ONOFHL T, BERSFE 01 DOFEIEENREIZ

B DARE) - [AH MG I, BRI B B O I E & . BRI X Bl E
BB DMEN G, THR-TR 2D BHIEID) | ZEZ2EELTER [#Hl21X1-3],
UT, *TI NCSIZB L CRILEFDO@wmXL dlaE WA, L7 U—0b, [l
Mo THZ D] 72 BIMERE S5 72 5 B 1-CO,D AR FREZR 113 RRENREE T8

IZIE 72 B 7R WER DT, FEHMS‘OT,%%JSJ EWV ) Fx DOFRIZME S TWHD LW

o?tm;s:x 72, EEREELE R CTRIZGA. BRI O ZERM MR L CH
BfchHhsr LaH L E if%ﬂﬁﬂ L7175\ ZOX )RS T WX ) | IRFEElER
DO EN S A W BEER B 52 & wHn T 2 8EMOMm b Z OfEA T+ 5 2 &
L7, ZTNDBAWREOFE20EETH 5,
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B 3 BT T OIRSE) - B EEEIC BT 52 B FRER A 3nT 5, £, #E
AOMiMA p T, BRSO TOEBEEN DALV ERTZLIZT 5,

ELRR Y - DA IRENE 2 FITHEHR L TV T, %D Laguerre-Gauss T O BB o,
3. BREMICER SNAEAEEE Lo 5 OF(bE . FOEAESRKO o Fio)E
D DEEJTRY AR y O 2 B TRER s S [3,5],

®v, (0, x) = N exp(ily) ¢,,:(p), (0<p =m 0< x <2m). oy

FEBR T EBREVERR TIThN D DT, B THERD X, Y, Z miE, 20 FNEER T

D a,b,c FHESy G JRF DA (Ue) (FHFIZ 0)&2 AW T,

upux), uy), (uz)) = p({up) cos x,{up) siny, (uq)), (2)
EET DN, BARE S ORS¢ 1L, BAIEEO 2 EFRERETH7200, W
DIXFEENRRBLTH > THEHROT, y ITEHLTO<S x <2n TYHE LD L,
(cosy) = (siny) =0 &2 5D T, #5H.

(ux) = (uy) =0, (uz) = (ua) 3)
L72%, fEo T, Stark FEERDN D OEBREICKIIST 2 D1E, 2Dy 720 . ()il
IXEAIRENE O a THIOE O OS5 HREEEDO -0, EBRTIIHEAZTLE D,

CO, D& 572 A-B-ABRIDER 3 K157 11X (ug) =0D b
72DT, RE - BHREREED TH23 > T WThH, B 4
I &2 WHEFRESIE 0 D L7 0 . Bk FIEEA T Ho .
EMFER SN2 EIC D (EAL T =) —~DIRET
Ld D),

. BUEETEIZ & HHES
Bl L LT, COIZBI L T me-CCSD(T)/[aug-cc-pCVQZ (C, O)iEIZ L W, HCO'IZRI L
Tl core-valence CCSD(T)/[aV5Z (H), aCV5Z (C, O)JIEIZ X VW, 3 T PES 23R T,
Z OP BRI A T3 SIRENRAE CORIRFREROIARHE (ue). (up) ZFHHE L7,
CO; : (P)o =6.7°,  (uz)o = (Ha)o =0D, {tp)o =-0.163 D
HCO":  (p)y =11.0°, (uz)o = (Ha)o =-3.933D, (up)o =0.117D
HCO"IZxF LT, & Ok b A L7 UG 1-ER1L -3.897 D, #EE) - [l#: 1y
REE SR L2 WBFRERIT -3.935D & 72 o 72, FEBREIL 3.921(31)D TH 5,

V. &5

a) MAREERREIX. ZARENEORERICE L CHBE D T, BRSO 2 HiE
BEZET D L. Stark ERRICTKIIST 2 OUE (ug) 720720, #hd o 7 IRE AR
FHREETH, A-B-A BO55T, CO 7Y, OMIBTFREZFRIL0D &7 D,

b) PGS TOXMR e (BERE) L ARE) - [BHEEEIRNE TOXMm e (325
) OsE, FERITER D2, [T & L TUIFFARTE HHCO T 0.01 D DEFE),
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Developing curvilinear coordinates for VSCF wave function
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[ Abstract] A curvilinear coordinate system for vibrational self-consisted field (VSCF) method is developed. Its
application to an ammonia molecule, whose umbrella and NH stretching modes are strongly coupled, is reported.
Our calculated tunnel splitting was 0.43 cm™, in good agreement with the experimental value 0.79 cm™. The
corresponding value by the usual VSCF by the normal coordinate was 0.02 cm™.
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ERATHANT HRHREFLWNWEAOLNTND, ISR AUy ORERIEIZ L D,
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AMFFET iﬂﬂn‘?fﬁ@?ﬂ E1THIDORKEZR)D L 9 ITMUE L, FEHEEEOMBEIEIC L 571 Z
—JEBAQ) = Sk + = sz 1 ZEnSiSm 4 L DB A B BT HHFE T OWEEA TR LT,

3 3N-6 3N-6
(%) = exp (— ; XS + ~->exp ( Z D;S; + - ) {,D; = diag. @), 4, )

(2= XV FEYEEERE R T if\/?ﬁﬂﬁﬁﬁf%é% A H LT, SRYERRAR & IR E R IC D
~ v BATH & MR AR I W THEBIRR S AL 2 TIE 2 T Lz, IRBIONIV F=7 i3

MR ERE DT A 7 — R &2 TTIC AT 5, ZORITERK E THREAETH D25, EEOLIHE
AIRICBWTIARK TITBE %,

= diag. 1), @

[(#R] X 112 NHy o3 T OFEMEEEE L 7 A 7 — B A IR TH G ) o 7o eI Z 36 1T D 48X
#ir N OSSP FMIE D — IR ST T o 3 v Vi (PES) KON VSCF & VCI O ENRE A2 R Lz, RT v
JV/I/F%%( % CCSD(T)/aug-cc-pvtz Tt L CEIEAUTR/N_F 7 v b LTz, IBEIO NIV F=T

L % Watson /~2 )L k=7 /[4]%:)%1/\710 BE*“EJ? R AESCERIR B OB IRAE & L7z, VSCF DR

— NEEBAEIC I 2 a2 R D XD IR 7Y v KA EIZRER L EEEZ H WD
DVR[S]%BKJ% L7,

NH; 75 I3 AR SR DO/ N Fi b | FREBIERIZB W TIEZ O SO/ f#.5 PES OF
FIEQy, Quifi ECRESHIN S TWD, T DHIZ NH {#iffi & ZEERIC K ZWE— RFEERH D |



04 r r . — 0.4

02t 102 }
SR R R
02 | 102 |
04 0.4
-1 -05 0 05 1 -1 05 0 05 1
Qz QE
04 T 04 .
02} 102 ¢t
R
02 | {02 |
A S Y 04 : : 04 : :
-1 -05 0 05 1 -1 05 0 05 1 -1 05 0 05 1
SE 82 82

Fig 1. The potential energy surface and VSCF, VSCF-CI wavefunctions of NHs on NH stretching Q,
(vertical axis) and umbrella motion Q, (horizontal axis), by normal coordinate (top), and curvilinear
coordinate (bottom).

VSCF-Cl % B B8 %% VSCF I BhBASR I LE BB > TR EL Be, — ., HREZEICBIT S =
DO NRITIE E A EARRRE 2D, Z 0% VCI FEEIRHOEAIT/NS <Y, VSCF Th
BUNERLE 72 %, JEUERAE | 351) 2 KL ECIRBED VSCF-CI I B %I & £ 5 VSCF O LR eI %
95% Td> 573, HIFRAEFEIZ 35Tl VSCF O R JEALE T VSCF-Cl D ILJEIRAED 99% 1 E S5,
NH; 53 D FEMEFEAT 7 & g R & W T IRE O G ERE R 2 £ LIC/R Lz, NH fififiEs, & i
AT — PSRBT WO E L TWD e L, 2 b0 "F— RN d ke
DEFE L L, HKEEEZHOWTRER TR OREBE N ER L KE BioTWnWh, ZDz
¥ VSCF B OFEEE MM < . VQDPT2 & W T b IRE NS E S N o T2, — 7. Wl
BETIX VSCF L)L T b FUEFEFE (235 1) 5 Cl 5HH & RO R E CTIREIR 2 15 b vz, Fric e iin
DOREFITB O TRIET S L S S, MR EE 2 AV U@ kES T SCF L L TRE
FLEEFETH I FEL R LIz, FECHEASTICH L ORISR ESNLIEN o7, £
7o, BHRREREZ W5 Z L C VQDPT2 OIEENENE L < s, EBEnz HW=5HE T Cl
LAV DOIRENV 2 15 5 kT, 2 IROBIRREEEIZ 31T 5 VSCF FHA CIEfE EE — FOREK
IFELMEAE 1 0 Cl OIRENRE O —EB BV, BREREEKEL T L ThESNTL,

S FEVE A 2 YK Hh AR A 3 UK Hh AR A

VSCF | VQDPT2 | VSCF-CI | VSCF | VQDPT2 VSCF
NV 0.79 0.02 10.97 0.51 0.43 0.63 0.28
vi 932 | 1474 394 991 | 1017 989 992
e vy 968 | 1485 924 1015 | 1038 1012 1006
2vi | 1597 | 2792 1093 1724 | 1767 1706 1766
2v; | 1882 | 2837 1791 1961 | 2002 1944 1931
MEEAEA | vl 1626 | 1648 1670 1627 | 1653 1622 1622
fHHfE vi 3336 | 3207 3087 3312 | 3364 3321 3321
g EfRAE | vd 3444 | 3555 3236 3477 | 3593 3476 3474
WAEE | (vpvy)Y 4295 | 4681 4399 4324 | 4381 4275 4313

Table 1. The calculated frequencies of NHs (cm™1)

[&%& 3C#R][1]Stuart Carter, Susan J. Culik, Joel M. Bowman, J. Chem. Phys. 107(24), 22 (1997) [2]J. M.
Bowman, K. Christoffel, F. Tobin, J. Phys. Chem. 83(8), 1979 [3]K. Yagi, H. Otaki, J. Chem. Phys. 140,
2014 [4])James K. G. Watson, Mol. Phys. 15(5), 479 (1968)[5]D. O. Harris, G. G. Engerholm, and W. D.
Gwinn, J. Chem. Phys. 43, 1515 (1965)



1E15

QM/MM-MDY = a2 L—¥ 3 VZE AW E=TMGO BRI %R KA
ICEE9 SERIEFEHAR

VR KBEEE, *JA B KQuLIS
Of@lst KHE"?, R KV2, Ml Ew-r"7

Theoretical study on the specific hydration of TMG
with QM/MM-MD simulation

oDaiki Fukuhara'?, Dai Akase'?, Misako Aida'*
! Department of Chemistry, Graduate School of Science, Hiroshima University, Japan
2 Center for Quantum Life Sciences, Hiroshima University, Japan

[Abstract] NN, N-trimethylglycine (TMG) is a zwitterion and one of well-known osmolytes.
We consider that the hydration around TMG plays an important role in its function. In this
study, we investigate the hydration structure of TMG, using quantum mechanical calculations
and QM/MM molecular dynamics simulation. Herein, we focus on the conformational change
of TMG in aqueous solution and hydrogen bond network between TMG and water molecules.
In the gas phase, conformer-B is only the stable structure of TMG, while in aqueous solution,
both conformer-B and conformer-A exist. Conformer-A is stabilized in aqueous solution by
a cage-shaped hydration structure, which is formed by hydrogen bond networks between
COO" and CH3/CHz2 groups through two or three water molecules.

[FINNN-F U AFLT Y (TMG) (34 AETA b (RHEERFGHE) THY .
W RE CTHER L TW DAY OMIEZ , SMTORZEEA ML ANBHR#ET D &0
IBHENRDHDHLENDOIL TS, Ll TDA D= R LTIWEFZHEIC 2> TOHRY,
WEDT~OEBRMPEETHHEEILNTEY, ZNETOMEICBNT, [HL
KAARETA FTHD R AFILT I U-N-AF T R (TMAO) 73, /KIEHE T ClIfrs
H72KFIfEE 2 & 5 2 LR Do TWDH[1], ABFZETIE, TMG IZHFERICZ D+
Y OKFEENH D DO TIE R W EEZ, QM/MM-MD v = bL—rva & EE L
B FEREHOTHL NI 5,

[F¥:] 9. KHFICEBIT 5 TMG OfEEIZ DV T, ab initio MO 1% O 1E i
b &4T 572, #HE LU MP2(full)/aug-cc-pVTZ T 5, KIZ., QM/MM-MD i % [
W, TMG OKIBIRT COREZERE LTZ, TMG % QM #r L L, dHEL~UL
IZ HF/6-31G T& 5, MM #B5r DKW T, TIP3P 5 /v % /=, MD O
WIS 13, KA CREE R L72 TMG 1 5 FIZKDBEEN 1 g/em® 12725 X H 1
216 HDO Ky 1 &L E L 7= RIZ% L. simulated annealing & QM/MM ## & feii{b & 4
B ZLlIcEEonEEE Ue, HEHERIINVT 7 % 70 R 298.15 K
T—E XA LAT v 713021 &5 5T 100000 27 > 7D MD iR E2{T- 7=,
HAID 5000 2T 7 EEHAIZ Y, ZHLLED 95000 2T T AR LT, 728,
i/ L7~ 1 7 A1 Gaussian09 & HONDO T 5,



TMG DKFHEEIZ OV T, UTFISRTKE-AEF v hU—2ZIC8ER Lz, BAVR
X UIED 2 ODBELTNENND, KT L DRER-EERT, 35D AF LIS
FOAF VU EOKFER 11 HENZICK LT, KEFEECORN™ DXy hU—7
R L, 22T, KEFHEEOSRMEIL, DR FIVE LK T OB LUK T
[FHZOWTIE, O-O BRAEAY 3.3 A LI, O-H B 24 ALINTH YD . AFVEET
IZAF L HDOKTE L ASFOREZEDORITHSOWTIE, H-O FEEN 29 A UINTH 5.

[FEE - 2] TMG OKFT ToOREEL LT, A,B,C,D 287, ZOREE &A% —
KX —% Fig. 1 IZRT, B OGN LZEMETHY . o 3 DOMEEITEBIR
REETH D, 4 FEOMEZNENZ MG L LT, KR O MD R Z1T 9
£ 2L OHE, TMG OFEEIXT AR EEETH D BICEL Lz, Lo,
N7V RUDO—ETIEB D A MEEE(EL, D% A & LTEEICHIETE
HZENRHENT, 2D L&, DIVARF IINIEADIKG A DKEREEITHEE S L7
FEThoT,

KB D TMG OFEEIX A F721EB THEEL TWD Z &b ENENOEEE
HOMEIIC N TV N BT TR 21T o 72, VR FIIVEEN D A T /LEER A
FLUEETKGFENLTORNBDLKERERY NT—T DB A L BOMGFTHRDL
iz, T72bb, WLOEHRNTFF L ORBELZIT AT NIERAT U U EEOKFENR T
FHMEHERDLZ LK, KO TOWmFEL O TRKEMEEZIEELTE D, A LB
BHE LT X ADHENR2OFFIE3 DK FEZNLERY NT—27 DEIENK
XN ERDbhoTe, BT, ADR Yy NT—ZREEX. IAVRF U AEOES DR
FIZITN 2 DDA TFIVIEIZEBNT, LD A TFNVIERLAF L UL L x vy b
U— 7 BERTAHEAN R SN, Lz ->T, A D%y MU — 27 /& Fig. 2 (a)ll
RT NDTROEETH D EBZHND, KT CIHEBREMETH D AR, KE
W TIIASZER-RE Ry T =212 X0 RES., 7
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Fig. 1. The conformations of TMG Fig. 2. Hydrogen bond networks around
in the gas phase conformer- (a) A, (b) B
(relative energy in kcal/mol). (each structure is a snapshot in a trajectory).
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[1] H. Doi, Y. Watanabe, M. Aida, Chem. Lett. 43, 865 (2014).
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Molecular study of impact fracture of amorphous polymer

oKazushi Fujimoto, Zhiye Tang, Wataru Shinoda, Susumu Okazaki
Department of Materials Chemistry, Nagoya University, Japan

[ Abstract] We performed MD simulations on two glassy polymers, brittle PMMA
(polymethyl methacrylate) and ductile PC (polycarbonate) using the potential energy function
in the Morse type function form that describes bond breaking developed in our research group.
The structure of PMMA is rigid, and can hardly undergo any huge conformational changes,
and therefore the mainchains of PMMA cannot align themselves to the pulling directions. On
the other hand, the structure of PC is flexible, and undergoes evident conformational changes,
so that its mainchain can be aligned to the pulling directions in response of pulling.

[F] vy v — B0 Lo 2ERMHEX. &0 HEO S T iigI IR~ T
BHDOM. BT OWIEEDOHZEI AL ANV SHNTWD, EEICHTEmyFOMRELE
25 BT, WEEHERT DIEFEOENERO Y ZENEEL /S5 TL b, HaxD
H%i SEVERBEE « WatEREE N Z N (L FREOEBNC LY, P koI 2 50 %

T AL ThD, TNETOESTHREY I 21— 3 > TlE. Kremer-Grest
%Twmkﬁihéﬁﬁm%rw%%mfﬁbMT%toL#L\_@%Twmﬂz
& Lennard-Jones ER7Z1F CTHERL SN HMIET L TH D720, i« 75+ DL FHIFF
AP HAE SN TBY  ALFREIC L DBV R Em T D 2 E N TERY, Ok
OB NEEZBETE, 220, B FHEOUIN S Ll T 2 2510 181 )5 (MD)H
XD HEDY I 2L —a U BRRELR-TL B, LMALARRS, BFEOR
TV VBT ILTHSH CHARMM, AMBER. OPLSAA 72 K TClk., FEFHofséa %
FAFIRENF- & L TR P> TWDHD, faOUEZlR0F > Z LR TE RN, £2
T, A IHMEFEEEOUM LIV D Z LD TELIRT Uy VET VOB LA
D ALFROENEEZE LT @& FHOUE MD v 2 L— 3 U & To T, Al
D TCITNEEEE 2 7R 9 PMMA L IEMERREE 2R3 PC 2Lkl L, X 7 22/ 642 etk
EIEPEDIEVMNZ DWW THET 5,

[ 5]
1. BHF+EHEORT vy LTV

ma T EHOFERE SIS ARR o, Uo=x L F—PMES 2D 2 &0
%wtéhto% T, AR AR L O RART vy VET NV ERE LT,

Vbond { angle (9) angle (92)}[1—9Xp{—a(r - ro)_b(r - ro)z}j| (1)

[ 6. GIXTNTI, FEORES LIBOMEMA, £, V(O) XEHORA DR



TV VEETHY
V(e) = k1(‘9_‘90) + kz (6_00)2 + k3,(‘9_‘9o)3 + k4(9_490)2 (2)

DOEI7 4RO LT,

2. 215 1E% (MD) FHE

BT O EHOFREAB LORAAICIE, 2B FHTLIBRLEXNQ)BLUQ)
BEENENWH W, ZOIE0OWNEE B E & 757 FFEE/EHIZIE OPLSAA % v,
RIFEBRICTHEREIN T DB ZEBT 5 X IER LTz, ORI LT, Z8h)
I~ EHE CIEHT A5 EICEVED FOREY I 2L —Ya v a2fTo7z, Z0UhH
O MD FHEIE MODYLAS[2] 2 AV TAT U FHELSRIFIZ NTPPyL, 7 o 7 v & Lz,
IR 1T 298.15K, 51 D J71% 0.1 MPa (ZHIEI L, Z FIaj~D5| -k v s 1L,
WE DR A— &2 —Th 5 10mlsec TV I 2 b—3 3 U &21T-7-,

[#R] PMMA 51U PC D5 -8RV FHRIC L W | IS h-EhiR 257, Melksrkl©
H5 PMMA [T REZB A T-EBERE 22BN o7, FFET LIRS LI
BHAEPE Z > BB GITR Z 5T —EDIG N Z R ToE FHEM L T o7z, 5
12, EBHALEZIZRIZ void D L 9 7 Z2fLHR, ZNDEE L TWhvo 7z, &&EIIZIX
ﬁ+ﬁ@m%ﬁAb@mLﬁﬁﬁmLtaﬂﬁcEéﬁﬂf%éPCi %m@%
RN Z o7, Ei2. BEI(EE PMMA O X 5 ICZ2ILNRAE LR o1z, &5
Sl oR VKT D0 T OEEB 2L A, PC IZBHIZary 7 A—va 21k
ZHZLTWAER, —HTPMMA O 73 A—2a yBIbidbhE DLz > TR
molz, £EHDHE PMMA (a7 4 A—va VEEEEZ LI W DfERT
TP, BRI R E R EHE AT AN, PC IXBSICar 7+ A—va U BbaiE
T LIV EMTE, BREBELITIR N7, T, X7 a7 EHm
L et OB W LB X DD,

ZOMFERIZOWTIEY ST 5,

[Z3% 3]
[1] Kurt Kremer and Gary S. Grest, J. Chem. Phys. 92, 5057 (1990)
[2] Andoh, Y. et al., J. Chem. Theory Comput. 9, 32013209 (2013)
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Self-assembly and Host Capability of V-shaped Polyaromatic Amphiphiles

Studied by Molecular Dynamics Simulation
oMasahiko Taguchi, Yuki Yamamoto, Daichi Tanaka, Shigehiko Hayashi
Department of Chemistry, Kyoto University, Japan

[Abstract] Molecular structures and dynamics of self-assemblies of V-shaped polyaromatic
amphiphiles (VPAAs) and their host-guest encapsulation were investigated by means of
molecular dynamics (MD) simulations. VPAAs recently developed consist of hydrophobic tails
of anthracene panels intramolecularly aligned in a V-shape and hydrophilic heads of charged
alkyl chains. The aromatic amphiphiles feature strong solubility of extended aromatic systems
in aqueous solution as well as high host capability to encapsulate the aromatic guest molecules
in various sizes and shapes. The conformational flexibility of the self-assembly of VPAAs
enables the “dynamic” encapsulation with the strong solubility and the high host capability for
extended nanocarbons.

[FF] 70 7B d, WP Ty SRR D) ) A—H —H A XOBUKZER %
EVHTZENTE, XSG ERI LD (1], a7 A Ny 1%l
THIENTED2], B, HEROITEKIBIZ2 2OT » F T X%V % V P
IZFF D . BB ITHR M T v 3 L85 & FF D B 4 43 - (=V-shaped polyaromatic
amphiphile: VPAA: Fig.1(a)) Z &% L72[3,4], 2D I3k THOEA L., IEHAEHY
VG A RO H ML T A X — BT D, L, 7T AKX —ETEK
T HEED 513k L OMEIESE OFEM7Z2 0 THREITER CIE 622 TidZe v, £ 2 TR
IR TITERF T Iab—ra iV, HEMBMEEICR T 207026 - ik
WREC T T —R v OaEaERE & T,

[5#] VPAA 75+ OfEER A Figl(a)llmd, MiE7 L V8RR 5 2 o5y
FE2H 9 (VPAAL2), NN/ T A—%— %, &% PCM water solvent @ | T,
B M06-2X. JEJERIEL 6-31G(d) L ~L D B AL EZ W THIE L, g T %
—Z =L TiE. RoBrgRET Y M TR UVBROM (Figd(a) DRI TR 2
n I LD LEM ESREEND S DARLEEMIZ L VEMER AT vy L)L
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Fig. 1. (a) Molecular structures of VPAA and a snapshot of MD simulation system. (b) Potential curves for the
dihedral angles around the bond connecting the benzene panel and the anthracene one (shown with arrows in

Fig. 1(a)).



F—EEZ R o720, Z OERSy D angle, wagging, dihedral THD /3T A — & —(ZB L T,
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(Fig.1-(b)), flLDE43 2B L Tid GAFF % 7,

MD ¥ X = L—3 3 UiF Amber VT, VPAALR #ZNENARy 7 ANIZ 12 &
W27 AN 6 O 4T O B kb I = L—3 3 % 10ps, 38 LT VPAAL
ETANGA R REEDT7T—L T /) Fa—7) TS 5 MEOOHEY
Ralb—varE3usitolt, 22 T2T B TOHCHIMEY I 2L — a3 VORE
381.1mM TH V., FERIV bmEmWVA, ZHIIRsNZY I 2 L— g VR#THS
720 T AL~ GD 2O TH D, 12 5 RITEBEERFEZ LT 572912
To7z, %% & HIT, 1,000K T 10ns #EL L, 2ns T 300K F THHEIZNTZT v X L7
WG D T, NPTICE DY 7V v T %4757, £2R UMD T, +457%
HARRE A 1R A T2, FRRIRFE 380K TL U B3 40 DL 7Y HAZH MD + X =
L—ya b lusitole, 7 7 A —HEIFLH MLy 79 A7 —BL O A Nyt
DEENTNOHEICB W THERFHEOBEME SAUNE Lz, £/ T A% —H|
TEDBRTITBIKIEZ RS LT,

[FR] Bty 92X —BLOF ) =R OABICEH LT 7 AX—I28 %
NDSTEZA ST Uiz, Bz X, VPAAL B 2kt 7 7 2 2 —1cBWTiX 6-7 4%
T OFEFENE < (Fig2(b) . AFM I L 5HEMFEE—H L TBV (3], £ 7T7—
LV ORBETIZ I RRIETH 7o, £/, HOMbs 7 22— TIL, # 10ns 72
JE DFfn AT 5 HEL EIRER] O K B 7e i 2L 238 < 7z (Fig.2(a)lz 4 531D
Bl z"9), Z3UE, Z0FRICBT 27 v s 7BV BROBOMR o A A/ER & |
1 FRNICEBITSD V FRICRE SNTEEICL D7 A ML —a VITEKRT S &
EZBND, TOD, ZOWBUBNEY T A X2 — 1%, MOBUKYER BE/ER & Zelkk %
WNT D2 ENARETHY, ARV A ALTEDOT7 7 — L R0 ) F2—T7 F#HIC
WETHIENAREE D Z LA R L7z (Fig.2(c),
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Fig. 2 (a) Time evolution of RMSDs and snapshot structures of long-lived self-assembly clusters for 4 VPAAL
molecules. The RMSDs were evaluated with respect to the relatively stable conformations at times indicated by arrows
(time A, B, C, D). Snapshot structures at the times indicated by arrows are depicted. (b) Distribution of the cluster
size in the last 500ns of replica exchange MD simulations for 27 VPAAL,2 systems. (¢) Snapshots of encapsulation
of fullerene and nanotube by VPAA1 molecules. (hydrophilic heads and hydrogen atoms are omitted in Fig. 2).

[2%Z3CBR] [1]7. Kang et al., Nature, 385, 50 (1997). [2] T. R. Cook et al., Chem. Rev., 115, 7001 (2015).
[31 K. Kondo et al., Angew. Chem. Int. Ed., 52,2308 (2013). [4] K. Kondo et al., Chem. Eur. J., 21, 12741 (2015).
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Fast multipole method for highly anisotropic simulation cells
oNoriyuki Yoshii'?, Yoshimichi Andoh’, Susumu Okazaki*'"?
! Center for Computational Science, Graduate School of Engineering, Nagoya Univ., Japan
’Graduate School of Engineering, Nagoya Univ., Japan
7 Institute for Molecular Science, Japan

[ Abstract] Fast Multipole Method (FMM) is an order N algorithm for electrostatic
interaction calculation. It is suitable for large scale MD calculations including a large number
of charges. In this algorithm, the electrostatic potential is calculated using multipole
expansions and local expansions. Due to the convergence condition of transformation
between these expansions, some geometrical restrictions in charge distribution exist.
Therefore, in the conventional MD calculation, the simulation cell was limited to a cube or its
similar shapes. In this study, we propose a new method excluding this restriction. So far, the
Ewald sum has been executed for the multipole moment of whole simulation cell. In this
study, the Ewald sum was executed for the multipole moment of “subcells” of the simulation
cell. As a result, it was possible to execute the FMM with highly anisotropic simulation cell

without increasing the calculation time.

[IZUBIZ] TFED 2B a—F OKFEILITUICHES T, HFEI%E (MD) 7HE
DRGSR S KL D —FRE T2 E > T\ D, KEB(LEZEBICT 5720121, A v
X 7 LR HEEMRENEREOEECNNETH D, 16k, BHERSMENREINT-
FRIZE W T particle mesh Ewald(PME)/EDNA < VWSV T 72, PME {EDFHE AT
1A —% —NlogN TV EFILNREINTWVWD, LLARRs, mE7— U =8 #
FFDIZBWTHE L 252 ) — FEEEENS Ly 7 b | SEFIREIZE W
T+ 7oA EHT Z ENE LV, FHEENDAR L, £WHEE & oFfME
LEm W EMRAEEAFEOMNZBIEL T, ZETEAOTIRNRINTEE, £
DOHT, B NOLA—F—N ZEBLL7ZD7) Greengard & Rokhlin (2 X > THRE
SN-EmESZEMERE (FMM) [11TH5, ZOFEILX, BELY L BYR~D
BHANZ2ESND ELEDLIZ, EFEICBWVWTYH GPU RES 2 B a—XIZEdbEE
HALZ XU, FEx OIEEN I N TVD, Bx bMBEBE L CWAILAS TENIF
FHE Y 7 N MODYLAS I[ZEW TREBIERSFICRHS L7 FMM %2 3235 U &5 = o
E o — 2 Db ZED TV 5H(2,3],
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Thermodynamics of three-phase equilibrium by van der Waals equation of
state

oYosuke KATAOKA

Department of Chemical Science and Technology, Hosei University, Japan

[Abstract] The phase diagram for a three-phase equilibrium was derived using van der
Waals (vdW) equation of state (EOS) with respect to pressure. Aside from the typical
liquid-gas vdW EQS, a new solid-gas vdW EOS was introduced. The new vdW EOS had
the same functional form as the original equation of state and only the van der Waals
coefficients were different. The thermodynamic EOSs were integrated to obtain the internal
energy and the integral constants were given explicitly. The calculated phase diagram was
consistent with that for argon and the Lennard-Jones system.

[FF]
HERNICL 5 3HFEHEZH/ L7202, [ LR ORI, KA LIRFED van
der Waals R & FE U TRT A —F ZEMHAICRBAZEE L RBHSHEOKXT, 31
VR 2B, BAEIEEXL Y BESRWVERICBOW T VY —IZZET, =V
e E—RNEW, ZOREERFFOL O ICEMED van der Waal /X T A — & %#3&IRT 3,
BE. £/, FTAZRXNVF—DFELWRERE LT, HEEOREAZEMERIZRD
7o DIz STHEHEXIIEED 3FHEMEK & topological IZZFELYY,

[van der Waals =]
RIE T ILITRED van der Waals(vdW) R TELKEHHAIN S, VN ITKFETH D,

() @

ZORIIFERH L BENEROHEEGBRERATESD T, FI-CEHMEESHEEZRDT
vdW ZE AT 3, HEBZ2ERT AN — UORXBMLETHD, Zhik
ROBITFHREBFERN 2B LTELNS,

ouU B @ B
(El_%ML P @
U_ N UM .
N V N

vdW X2 ERTEICET AIRICEEZHZ D,
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sz_TL_ N_b ’ i>1 (4)
2

IZT a~-ebh TXVZRXNX—DRIEEFOERK ¢ B AL, BEHE—SKMHEDH
7= 72RIUTICE 2 %,

2
p_b_ K —1.5(N—bj Y o9 )
¢ eV 4o \Y Nb
b Nb
UDREUTIZEZ 5,
U, (Liquid) = ng +1.6kT —1.5¢ (6)
U, (Solid) = ng +1.5KT —1.52 + u, (adjustable) )

[z brE—]
Ty ket — S OELE ASORIFBRANZE —HERZ2FE-> THS,
[f812]
PLEDS Gibbs =R VF— ¢ ORDBELND, (b, ) ZRTHMEZESZHIZ TR
DORE BUEHNC RN T,
pl(\/l’T) = pz(vz’T)’

G(V,T) _G,(V,,T) (8)
Nl N2
BONEHNERICTYT, RRFLICEASNEZEHIIMMOME L E_RFRETH S,
100
107 solid
1 L
% 0.1 ey
= ‘T |—=-qL
S 001" ——SG -
——[22], GS
0.001 ' T3 ——[22], SL |
0.0001 | Gas 1
~=-[15]
107 ‘ ‘

0 0.2 0.4 0.6 0.8 1
Ti(elk)
Phase diagram in the (p, T) space. The calculated result is compared with the experimental
data on argon, the EOS and the free energy calculation. Tc and T3 are the critical point and the
triple point.
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