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Syntheses of hybrid liposomes and artificial domains incorporating
amphiphilic complex lipids
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[Abstract]

Techniques for controlling physical properties of lipid membranes by artificial amphiphilic
molecules have attracted attentions.*'? The artificial domains in the lipid membrane by
amphiphilic molecules is a very useful area that can become a reaction platform on the
membrane. In this study, we synthesized three amphiphilic complex lipids with different
structures for the construction of artificial domains in liposomes. They have an alkyl long
chain as a hydrophobic part and a manganese complex as a hydrophilic part. We hybridized
the resultant metal complex lipids with 1,2-dimyristoyl-sn-glycero-3-phosphocholine
(DMPC) and investigated lateral phase separation and phase transition temperature in hybrid
liposomes by DSC measurement. Furthermore, GUV was prepared and phase separations of
DMPC and complex lipid was investigated using fluorescence microscope. In addition, the
interaction between DMPC and complex lipids was discussed using the results of IR spectra.

(ﬁl

O3 TP BUKEAL & BRI O W 5 % OF R o mEEUEEME 20 11, AERIEN~E AT
HZENAHRETH Y | MR O AR AL FE i 72 SR ST, B 1
WX DERBENTD KA A AlX B EIZSRD T T v F 7+ — L5 T D Z &
FRECHDTOIEFICHEHATH D, £ZTEHEL Fi-ITHAKE E LT~ B gk,
BUKESE LT Cl6 OT NF/VEEHE b OMBIEMESARIEE 455 LY R Y —LANT
DRAAL VI E B E LEREZIToT0, £o, sERIEEOMEEZ 2S5 LT
@A)T/ L DOFGEECHHERREIZ E D K 5 2B b bbb D0~ T, &5
B HNISEIAIEE & AKIEE (DMPC) 725722 58 E U R Y — b Z Bk LIRS IR E
DEAL KO EEOBIEZ 1T 72,

(5 (E8k - Hiw))
VU FAlgeTF L2 HEWE E LTHRLONLT I FREIR L SO C16 DT /L%

NEEHZFFOR AT VT B R & Z OGS NeO U PERUL 72 Gk LTz, & DR,
FOSSELT VT N, RBAFDIFE L TT LR VREOMEDN LR DO, N



AT NT e RICEBBELE LTT VT e REEZMT T LDICEZS 2 LT, FiED R
j DB F (L5aL5,L4) % 3-DERA LTz, RIT, 26 DEMIF & Mn(OAC)2:4H0 %
Bt &~ o 7 85K (MnL5a,MnL5,MnL4) ZAAk L. HifEdh X #sEiair L v [
ExIToTc, 6T, A LI RIEE & . ARIEE /- CToH 5 1,2-dimyristoyl
-sn-glycero -3-phosphocholine(DMPC) # Z LIRS LES U R Y —Lx 5K LT,
B 3ODEE VR Y= LT, DSC HIEI K B0 HE S AR D21l
OBIER, HES L - —EMEEIC LD GUV OBIZEZIToT-, £72. BAE VKR Y — L4
® IR HEAEITV DMPC & S$SANEE OMICE < MHEMERICOWTER LT,

R - BL]
O EERIEE O AL S X &2 RT MnL54 MnL5 MnL4

(Fig.), HEIEMENT DFRER. T4 O OERITE 138 : { £
% o

BNy X THEERE L S TS ENGND
EAIRRE T DSC HIEZIToTc & 2 A, B D
ELT S 2 S 1] g BN/ NS/ MR Al a1 (N =1
B L DMPC % %7225 ( Complex / DMPC =
0.063, 0.083, 0.125, 0.25) TRALT-HEHAV KR Y
—ALEEHML DSC HIEZEIT-T& 2 A,
MnL5A D7, X=0.063 3} LT 0.083 DHEA Y
R —AZBWT 2 BIFHEER K Z > TV Sk
IR ENTZ, ZDZE XY MnLsa TIZ U R
V=AM, DMPC DA TR S 41T ik Fig. Structures of complex lipids
EBERHRE & DMPC & TR &AL T2 fElk &

DIFELTRBY ., INOHBHNEEL TWD EEXLND, 2D X 9 RBRIE MnLs B
KO MnL4 Tl SN2 nolz, —H T, MnLsa BEL N MnL4 2B\ TIL, o4
KIEE DBEAENL L D IE EFBBIRENMET T2 Z EN0ho T,

FAOYBEM Z2 B 7= MnL5a (25T GUV (Giant Unilamellar Vesicle) % &k L3LfE
L ——FAMEE T 21T o722 2 A, DMPC OA B2 5 GUV TR b7
Motz HEHEDORY NBIZRESNz, ZDOZ &LV, Mnlsa & GUV TILik
BB W THDBEREZ D, FAAL VBRI TV IR DIHER X, RAA
VTERRIZ DWW TEERT 572012 MnLsa & DMPC O#EA& Y R Y —A0 IR JIEZIT
Sl Z A, DMPC @V VEEDOE— 27 H vw(P-0-P) =1232cm? /25 v=1228 cm?t ~
EVTRLTWDZENGMoTe, —HTHDBEZEZ Z720 MnLs O&EA Y R Y
—ATIIE—27 7 EBRE SN2 oTe, ZTDOZ ED DMPC & MnL5a ORI
FMAEERANMINTEBY , Z0REE Y R Y —LHNTD KA A VBB KOS EEA 5
THZIL WD EEZLND,

[2E 3R]
[1] B. Konig et al., J. Am. Chem. Soc. 2011, 133, 20704-20707
[2] B. Konig et al., RSC Adv. 2016, 6, 4445644458

?J
B

o
IS N W N NN WA O §



4P082

BHEIRILX—EBHFEZHALV-RuBisCOREREE RGN
R AZIR DR
EIEETDN o M RSN RVAPN 4
O KEE', M X, /I B2 ¥=xF5F = BARF v, B g

Research on the Isotopic Effect of the Carboxylation by RuBisCO

Using Free Energy Analysis
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[Abstract] Ribulose-1,5-bisphosphate carboxylase/oxygenase, commonly known by
the abbreviations “RuBisCO”, is an enzyme involved in the first major step of carbon
fixation, a process by which atmospheric carbon dioxide is converted by plants and other
photosynthetic organisms to energy-rich molecules such as glucose. It is well known that
a kinetic isotope effect occurs in the carboxylation process. To describe the reaction,
ONIOM-MD simulation has been employed. QM part of ONIOM model was determined
as a region which contains Mg?* ion, RuBP (Ribulose-1,5-bisphosphate), CO2, Lys175,
Lys177, Asp203, Glu204, His294, Lys334 and KCX201, refer to the “FM20” cluster
model ™ . A tunnel for CO has been observed in MD simulation and assuming the
reaction path from the inlet of CO to the product through the coordinate complex by
Mg?*, the simulations have been performed on the several molecular configuration
models with fixing the geometries between CO2 and RuBP along the tunnel. Thus free
energy for these models could be obtained to determine the reaction rate constant, k, from
the velocity of the whole atoms from trajectories. Then the isotope effect a = ki2co2/K13co2
could be estimated by changing mass of carbon.
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Fig. 2. Model of dynamicai pathway for CO;
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carboxylation step in RuBisCO. J Mol Model.
[2] Shiang-Tai Lin et al. (2010) Two-phase thermodynamic method for accurate free energies for liquids
directly from molecular dynamics simulations. J. Phys. Chem. B.
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Decomposition Process of Deoxyribose
Induced by Oxygen K-ionization
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[Abstract] In order to investigate the role of hydrated water molecules for DNA strand
breakage induced by ionizing radiations, we observed the mass pattern of the desorbing ions
ejected after an ionization of oxygen K-shell electrons of water deposited 2-deoxy-D-ribose
(dR) film. The experiment were performed at synchrotron radiation facility (SPring-8) to
obtain the monochromatic soft X-rays for inducing the ionizations. The experimental result
shows that the yield of fragment ion species such as CHO™, CsHs™ or C2HO, desorbing after a
degradation of the furanose ring in a sugar molecule, remarkably decreased by hydration. We
also performed DFT-MD calculation to simulate the dynamics after K-shell ionization. The
simulation result shows that a proton is transferred from dR to hydrated water molecule
within the ultrafast time scale (<10 fs) after the ionization. This charge re-distribution would
contribute to decrease the desorption of fragment species. The hydrated water might protect
the sugar site in DNA from the degradation by ionizing radiation.
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Fig. 1. Desorbed positive ion mass spectra of (a) dry
dR and that of (b) hydrated dR film obtained from
during the irradiation with 560 eV soft X-rays.
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Fig. 3. Proposed reaction scheme.
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[Abstract]

We have developed a giant vesicle (GV)-based artificial cell in which a self-reproduction of the GV
(compartment) takes place linked with amplification of template DNA in GV. We expect that the chain
length of the encapsulated DNA influences the frequency and pattern of the GV division because the
amplified DNA intrudes into the membrane and complexes with amphiphilic catalysts (C) to construct an
active site for the membrane lipid (V) production. Hence GV-based artificial cell containing different length
of DNA (374 bp, 1164 bp, 3200 bp) may exhibit difference in the proliferation efficiency through the
competitive feeding of nutrients (precursor of the membrane lipid V*). A buffer solution of VV* was added
to the vesicular dispersion after 0.5 h, 24 h and 72 h of incubation times. Their morphological changes were
observed by a confocal laser scanning microscope 0.5 h and 2 h after the addition of V*. It was found that
GVs containing 1164 bp DNA became a dominant group in these competitions.
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V @ il C : PEG BN AA T AU NEE (DSPE-PEG ) : ILATH—/L= T8 : 4.2 : 8.4 :
0.84:8.4 (mol%) Td %, PCR TWHEI DNA ZHIRSHE 1%, ZOBEIRIZIE S T-RIBRA ThHD V*
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UToZEnEZbN5, £3. 374bp ® DNA (X, $HENEWZOICHE C 280 5501
RO DBBHY, INSODORT T VREL TED, RIT, 3200 bp D DNA 1L, HE N ELIEAE A
LC% PEG 1240 BE~DRaADLESILTEY, DNA AIEA~ A UISIE R ORIy
BB ENFETDIND, BIE, NV 7 VEAAFEICKRT 5 DNASHEORELZTEICT S
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30 min after adding V* 120 min after adding V*

(a)

Table 1. Ratio of number of 1164 bp-GV to
number of 374 bp-GV (a) or 3200 bp-GV (b)
after addition of V*.

(@) | Por#E® |V'Emi V'iEmE

FEMM /h| 05h 2h
0.5 1.3 1.5
30 min after adding V* 120 min after dng V*
(b) B AL 24 13 13
;g 72 14 15

(b) | PcrRE®D |Vv*EmE ViEmE

B EFHERE /h| 05h 2 h
microscopy of (a) a mixture of GVs (green) with
short DNA(374 bp) and  GVs (red) with middle 0.5 1.6 1.9
DNA(1164 bp) at 30 min and 120 min after
addition of V*, (b) a mixture of GVs with long 24 1.8 1.7
DNA(3200 bp) (Green) and GVs (red) with
middle DNA(1164 bp). Diameters of counted 72 20 14

GVs were larger than 5 pum.

[&353Cik] [1] K. Kurihara, K, Suzuki, T. Sugawara et al., Nature Chem. 4, 1-6 (2011).
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Polarized Infrared and Raman Spectroscopic Study on
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[Abstract] Spider’s threads, which are fibrous silk proteins, have marvelous properties both
in strength and elasticity. While the examination of the industrialization by mimic spider
silk has begun in recent years, the molecular structure and functional mechanism of the silk
protein is still under the discussions. Therefore, study on molecular structure of spider silks
for dragline with constant spinning speed, as well as capture thread, for an oriental golden
orb-web spider Nephila clavata has been performed by polarized microscopic FT-IR and
Raman spectroscopy. In this study, it is recognized that both order structures and degree of
molecular orientation in spider silks increase with respect to spinning speed. As for the
spider’s capture thread, it is also clarified that the molecular structure of the viscid droplets is
a-helix rich, while the fiber-formed protein is -sheet rich.
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58453 % CCD 1 A7 THER L CIRE LTz, — ., LM T ~ 2 A7 MLV oORIE
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A I OFRBH O FEMENER I Tz, by spinning speeds.

[Z3E 3]

[1] A. Scott, “Spider Silk Poised For Commercial Entry,” Chemical and Engineering News, 92(9), 24-27 (2014).
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Study on light harvesting of photosystem I by observation of single
molecule excitation spectra

oKobayashi Takanori', Jana Sankar!, Nagao Ryo?, Noguchi Takumi®, Shibata Yutaka’
! Graduate School of Science, Tohoku University, Japan
? Research Institute for Interdisciplinary Science, Okayama University, Japan
3 Graduate School of Science, Nagoya University, Japan

[ Abstract]
Photosystem 1 (PSI) is a pigment-protein complex playing the role of the light-induced

electron transfer in photosynthesis. The reaction center chlorophyll (Chl) is called P700. In
the other 94 Chls acting as antenna, there are special ones called red Chl with the excitation
energy lower than P700. The binding site of the red Chl is unknown. Here, we conducted the
single molecule spectroscopy of PSI to get insight into the binding site of the red Chl. We
succeeded in measuring excitation spectra of single PSI for the first time. The measured
excitation and fluorescence spectra of single PSI slightly differ from each other. When the
fluorescence peak was blue shifted, the intensity in the longer wavelength side of the
excitation spectrum tended to increase. We explained the above observation by assuming two
Chl pools having different excitation energies. The red Chl was suggested to belong to the
lower Chl pool.

[F]

AR T(ELT PSD I, BRSERAERDE G RICB WO E THrEa 2 VT
%, PSI HEEIKIZIZ 96 fHO/mE7A(Chl)-a 5 FAHEALTHY, FlIZHD 2 20
Chl-a (K& H L P700) 23EFE R AT /3 BEROGZHH D, £ DM Chl-a 13, WL L7ET
A= PT00 (URET DT T T LU TR, TN R DRI T L —%FfFo,
ThH P700 KVb b = AL F — 8B TR ELE O Chl-a 13 red Chl &FHEAL, IR TIE
FET R —% PT00 ~MEiEH SR HOEE LTt 975, PST O X i db i 12 <o
DA SN TIABINNT 2> TSR, red Chl DALE XIS/ > TR, PSIDHE—
ST DS TIIFZE CIL, B — 2 B ORFH 2 L8 b IR £ | red Chl DFE S
ANOREERO S I T 2HWRNEON TETo, —J7 ., il R a2 b A~7 L
ZHAFTHILT, red Chl LSO T 77 Chl DIEHBIFL LN AIREL 22D, ARFFETIE,
PST Hi— 73 - DN AT MV 2 )0 THIEL | #EANT MLV EDBIRNG, /L X —TE
A% TG red Chl EZ DD T 277 Chl EONLERIFRIZOWTE LT,

[FiE (528 - #Hiw)l
Photonic ffifh 7 7 A /3—IZ fs 7NV AL —H —Z AR ULIEONA At A, TVAXLTH T
LI AEAESE LT, LabView [ZXD B D7D CCD I AT LRIBAL - EA7 51 23 7]



RELMRDUATLELZ, VU7 L TiE. X BEMEENRHLNICR>TND
Synechocystis PCC 6803 /bR EILT- PSI 2 Ve, Z2 /_BEIREEIL, A5 TS
AT IR BB O 3 iR HE T 5y
YBERIREL7RD 20 pM £ TR
L. EBRIEE X PSI @ red Chl 235D
HEIREE DM K95 80 K IZfR-7,
B—o PSI 5 FONEEFELI-1%.
Doy OB EFEEL .
I EA R L NS Hot a2
T HZETRIE AR MV A RIS LT,

—— shorter

[FER - B£] 5 17 (8 PSI 73+
\ZOWT, il A7 VB IOV
ATV EA 10 BT ORIE LT, %
<@ %T{EUEEP ﬁtkéﬁ)%% 6;10 660 680 7(I)0 750 7;10 780
AU, FUZITR AW A~7 L wavelength / nm
DIRLE N — 7 DNLENELT D
ﬁj\%%)ﬁ,roﬁfio ﬁ'grroﬂfi 170 {IE]@X Fig.1. Average of excitation and emission spectra of PSI
“\7]\/1/ ZOWNWT, \mHEE =BT molecules.

ICEFhEEART NV E ST HE,
F1g.1 DORAITRT I, B — I PR EOLDIFE IR AR ML Bl F A58
bijt’éb\kb\%ﬁﬁﬁiﬁﬂjéﬂto ZORERETBHT 5729 Fig.1~3 (IRTIH2, 7T
J Chl ZhiEE =R NX—DHEI22 2 SOOI N—T I ETHET VERET D, _OD%T
JVTCIE, BiIKED Chl 7 v—7 (35 t4) 775 red Chl ~D =R /LF—{REZN#R T red Chl D
e =R — KA T3, B R D7 v —7 (kkth) DZ U red Chl Dt =R /L¥
—IRAFLIRNERE T D, ZDZ LT, RIED Chl 7 v—7 75 red Chl ~EHEIE —
FNFX—=DMREINDEERET D, 4 Chl O = /X —% GG R L7217
AFZERICIX, Fig.3 IZRL7C PSIAEIEDH G, FANZhE =31 — DK\ Chl 2M4EHL T
WAHZENPIRENTZ, ZOREREEEEZ | Fig3 I A TRUIZE /YO Chl BREREZ V—7
IR L. FDHIZ red Chl FETET HEREim LT,
major Chl pool

Lower Chl pool e
| — Mediating Chl 7

Normalized Intensity / a.u.

Mediating
red Chl 62D
Fig.2. Model of energy transfer from antenna Chls Red Chl
[ 3R] Fig.3. The assumed location of Red chl

[1]Shibata et al., BBA 2014
[2] Adolphs et al., JACS 2010



4P087

ENRBIRA D FRNFEERV
T bEKRY SR E—ORMEHRIZET SHR
LRI 4
O, JEME", =Hifh—

Isotope Effect Study of Protonated Water Clusters
using Variational Path Integral Molecular Dynamics Method

oHiroki Sugisawa!, Tomonori Ida?, Shinichi Miura®
! Graduate School of Natural Science and Technology, Kanazawa University, Japan

[Abstract] The study of protonated water clusters (H,0),H" is important to understand
the chemical phenomena such as the protonic-transferring process and acid/base reactions
because such structures are present everywhere in aqueous solution. Since the (H,0),H™" is
strongly influenced by proton-driven nuclear quantum effect, the quantum properties of the
structures should be carefully investigated. Therefore, to discuss the quantum properties, we
analyze the isotopic effects on (H,0),H*(n = 1~4) by changing protons to deuterium D and
tritium T in this study. Here, we used the variational path integral molecular dynamics method
which can handle strictly the nuclear quantum effect as the analysis method.

[F] 7o Fovfbks 5 2 —(H,0) HHZ, KIEIES DE DT ET HbFFE
ThY, 7u N BECIHBE RIS EOFBG L T 572012, £ OMHE O
HANEE S SND. BIZZofELX, 7o hrHsROBFIRA RS 2T 5 2 &8
EXI, TOETFEAZEEICHRONERNHD. ZOTDITARETIE, 7 ue b
HEKFE D, —HAFE TIIEEELZ 12X, (H,0),HF O FtEIcs-d 2 [E
NI A BN RT3 5.

B A2 EMECFEM T2 5iELE LT, AR TIE, BoRKEREDY D 8%
(VPIMD) E[11Z28H9 5. VPIMD i, EFT LT hluiEo—fEThHY, &Ik
FOIEERELZFBEICHEAT L2 N TE S, ABFFETIL, VPIMD %% AW T
(H,0) HT(n = 1~D)IZBIT 57 1 b ORNR R Z I ERT 5.

[Bi#] ZHORBESRIZHEET D202, RITEE| OB RO HERRE|Y,) &
B B3 woBERAE WS -

‘BA
%) = lim e™2"|¢r) €y
DT, ERRERET L ORSD, BITERE LTS, Z OWREE|W,) D NFEZ,
s Rl
Zy = (Wo| W) = (pr|e P |¢r) = f f dRdR' (¢7|RNR|e PH|R'WR'|p7) (2)

ZIC, AR & BT, 4THIEHE(Re PR NIXHEITHI & — 8T D, DF Y,
K& B LT R O CREET 2 LN TED



Zy = (¥, |¥o) ocdeO ...deM pr(RO)eSURpa0)/hg (ROD)

(3)

ZZTC, At =B/MIZERFAT v 7, MIZEREE A T 4 2 0%, S((ROY; At) 3Bk

=Y AVAN

LSz ERRER Th 5. B BLREERZy 1%, ABRIEEE ORIKFEST4)

FEVIFIEDS

B RIS A 7m0 T OISy E A7 T2 LN TE 5. Z O, FIRIEEDOY
ALERY, “BARES T 20/ o Z L2 b. KR TIE, S FEFEZ2 v

TH o7V 7 %5735 VPIMD iE% iz,

[FEHR - B8]  Table. 1 [TF & OFHHESMIC
BT VPIMD R Z (T L. [RNCIRZhR
BTG D EOMRER~D20, n=20
BEEFNT LY Fig.l IZHs03 3 L UDs03, T;03
IZx3 % O-H R Bt O 52~ LTz,
T, 1.8 bohr fHE DAL O ICEHERES L7T2K
&, 2.3 bohr L DA I S DO@EFIZIAE I
72KFETHD. Figl IZB T, KFOHEENHY
N3 % 224, O-H JE -1 FEBE D FIFHE 3 8 L
7= : (Ron) > (Rop) > (Ro7). ZHiZ, HEOKE
IRENAROEANIC LV, IERF/e R T v % v
LR OMERBEENREAR LIZTZDICE LT
HEThb.

T, RN & D 22 ENE & DBIfR %
FRDIZOIT, n=4D5EEBIZ &Y, HyOf
L UDg0F, ToOF KT D =RNF—=H AT T Z
L7 Fig2 IR L7z, 22T, Fig2 (@iE =20
ENRFFD OSS3 AN T v v L D/MEEZ R L, K
2 (b)~(d)iZ VPIMD {EIZ L » TR & -2 X
X —%RL TS, Fig2(@Iics\T, =20
531 2 FF D = /L ¥ — 1%, branched < cyclic <
linear DI T&H > 7273, Fig.2 (b)~(d) TIIE D& T
R AN L7 Z & T, branched < linear < cyclic
DIFEIZEL LTz, £72, KFBORNAGEIZ X
ST, = ODOHED T R)LFX—7EN Fig.2 (a)ll
BT L7, BARAYICIE, Fig2 ()BT eyclic
1 & linear #i D= R /L X —Z213 2.34 keal /
mol ToHh > 7273, Fig.2 (d)Tlix 0.35 kecal / mol F

- >
— —

-
—

TR L2, IOV TS HOFR A X —|C
THRETD.
[23%Z 3R]

[1] S. Miura, Chem. Phys. Lett. 482, 165 (2009).

[2] D. M. Ceperley, Rev. Mod. Phys. 67, 279 (1995).
[3] L. Ojamée, et. al., J. Chem. Phys. 109, 5547 (1998).
[4] G.J. Martyna, et. al., J. Chem. Phys. 97, 2635 (1992).

Table 1. Comp

utational details

B 0.020 (K1)
At 1.0x104 (K1)
M 200
time increment 0SS38]
potential 0.2 (fs)
sampling 1 000 000 (times)
Thermostat Nose-hoover chain!
—_ 1848 /i ——— O-H interatomic distance
."é'
> 2.250 T T
I + o_1—0
5 (¢) Ts0; : WA
S 1854 [F
=
e 2950 o P
8 |®Ds0; : £
E 1866 /°
=}
©
8
& [(a) Hs03

1.0 1.5 2.0

2.5 3.0 3.5

Distance (bohr)

Fig. 1. Distributions

of O-H interatomic

distance. (a), (b) and (c) show the results for
H0%, DsOF, and T50%, respectively. Red
numbers indicate the expected value of
internuclear distance (Rgy).

(c) Dy0F

(d) Ty01

. ) ooy
+2.76  +2.41
o — —
44.14

——

(a) Minimum of potential

+2.09

+2.37
) /3
Cyclic

Linear

0.00
———
branched

(b) HoOF 4313

Fig. 2. Energy diagrams for each structure of
n = 4. Minimum potential energy of OSS3 in
(a); total energies by VPIMD in (b) Ho0%, (¢)
Dy0f and (d) Ty0%, respectively. Energies of
cyclic and linear structures are presented by
the difference from the energy of the branched
one. Where kcal/mol was used as unit.
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Theoretical Design of the Qubit Molecular Device made by

Enclosing a Single Atom in a Nanocarbon Tetrahedron

oSayako Okumura, Shigeru Ishikawa
Department of Chemistry, Tokai University, Japan

[Abstract] We propose a tetrahedron-shaped nanocarbon for the qubit molecular device that
uses a single atom having nuclear or electron spins. We use a truncated tetrahedron hydrocarbon
as a host of the atom. The atoms enclosed in this molecule are *He with the nuclear spin | = 1/2,
2INe with I = 3/2, and **N with the electron spin S = 3/2 and | = 1. The binding energies of He,
Ne, and N atoms calculated by the MP2/cc-pVTZ method are —14, -39, and —118 meV,
respectively. The occupancy of the atom is evaluated by the Langmuir isotherm. The electronic
structure of the N atom enclosed in the molecule is similar to that of the isolated atom. The
unpaired electrons still remain on the N atom after enclosing. The charge and spin density of
the N atom enclosed in the molecule are —0.010 and 2.97, respectively.

[F] &7y e LTBEAVVERITETF A ARAT 5100, BRSO R 2
NP RA L EZ N S TR T OLERH D, 2D X I 0F I, v U=
VAGEEZ U IR E ORI 2 BN LTS R D R [1]50, ERIEF72 S A
EURBFAE bR F %, Ceo DX DRI FIZE A LI A Y el il F+
2172 ED3 o B . KT REEFRIFE T8, RMARS OB A Y V& By FOREZE T &
WO REDRDHD. A TERE AT, BT RERUEFIZHEAST, K 22408
SHDHEHFFTE LN, EBBIZAM I TN D N@ Coo DIURITIELS, REETH H.
Z T, AWHETIE, BEHPOLEICHFEFE2CETE LT/ =R+ L LT,
BIBRIE Y AT R ALK SR CasH2[3] &Y, ZHhZ, ~U UL, x4, BHRFETH 1
HzOEI L EORETRNVF—LEFREEZHBRE L. Zh 6 ORNARRFIX
A aRDH, NV UAL3Z, F2AL 21 NOERE U FRMEOEAE  LIEENEN,
172, 312, 1 THY, BEFAFOEFALLSII3R THY, FBFHEITSwn THS.

[HHEFHE] A v a3 M@CssH2s (M=He, Ne, N) D fx i (LA 18 2 MP2/cc-pVTZ
i L~V TRDT. BONTEEREFOREZ LT =D, GO HEE %
Langmuir o2& % 75
p

00T = e
FURDT., ZZT, po(MIFHARIS ZHEX LR MENTHS.

o) = (2T

ZIT, COIFRETRLF—LRKT.

e Eo/kTgT




[REE - ZB8] AHS T CxHul, 4HOREPUEDL, 3, 5tk 6o =11
ECHE LB ENRAROBEEZ LD, 205 FOHRLNIA~Y 7L, 24y, &
FROKRTE2ABEIETL LA, TNENOHRB RLFX—IF, -14, -39, -118 meV
Lol Tablel & 2 [ @SN IA DpyDIEZE T .

Fiv T AR A% CaeHaa D C3 BTN > THrF OB ORICEET ¥ ¢, R
ATz XA VRO A Figl [T, 2 A VIRFIE, BB OIMANZ —
JEW G ST, EBIREE 2R CLHRNIC S Sz, MU CORE = XL ¥ —LiE
ML= X —1%, FNEh, 508 £+796.7meV ThH oz, ~VU v LU
TlX, ThETh—6.2 L+526.8meV Th - 7-.

ERFTOARKE L, BEZRLERE T EE-TEE Tho7e. MP2 S |2 H
DONWTEHBEEINTEERRTOEMEACVEELRDIZE A, FNEN, v~ 7y
RE =2 b— g VEHTC -0.014 L4296, 7 F 2T LR = L—y a VENTET T
—0.010 £+42.97 Tho7c. WHERIOERR F-OEFRENZIIHRIZNATNDL Z NP
N7,

Table 1. Characteristic pressure p, for He Table 2. Characteristic pressure p, for N
and Ne atoms. atom.
T/K Po/ bar T/K Po/ bar
He Ne 100 0.2
20 0.1 6.0x107 140 18.0
30 5.5 3.2x103 180 295.7
40 41.6 0.3 200 822.8
50 159.4 4.8
60 424.2 34.3
70 906.0 148.4
80 1673.9 465.5

Fig.1. Equilibrium structures in the Ne adoption process: OUT the structure adsorbing the Ne
atom outside the opening, TS the transition state of process, IN the structure adsorbing the Ne
atom inside the molecule.

[2%E 3R]
[1] S. C. Benjamin et al., J. Phys. Condens.Matter 18, S867(2006).
[2] M. Eckardt, R. Wieczorek, W. Harneit, Carbon 95, 601(2015).
[3] S.Ishikawa, T.Yamabe,Appl.Phys.A 123, 119 (2017).
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Theoretical analysis of DNA characteristics and interaction changes

exerted by nucleic acids containing fluorine substituent

oJun Koseki!, Masamitsu Konno!, Ayumu Asai, Naohiro Horie?, Kenta Tsunekuni®, Koichi
Kawamoto?!, Taroh Satoh?, Satoshi Obika?, Yuichiro Doki*, Masaki Morit, Hideshi Ishiit
! Graduate School of Medicine, Osaka University, Japan
2 Graduate School of Pharmaceutical Sciences, Osaka University, Japan
% Translational Research Laboratory, Taiho Pharmaceutical Co., Ltd., Tokushima, Japan

[Abstract] Fluorine-modified nucleic acid molecules, such as 5-fluorouracil (5FU) and
trifluorothymidine (FTD), are widely used in medical science and clinical site. The
pharmacological compounds of these anti-tumor drugs could be incorporated into DNA.
Although it is unknown whether to occur a significant effect by the incorporation of 5FU, the
incorporation of FTD produces highly anti-tumor effect. Then, the molecular dynamics
simulations and molecular orbital calculations have been performed to understand the reason
why there is large differences between 5FU and FTD. In addition, some verification
experiments have been performed based on the results of computational analyses. From our
results, we propose the hypothesis of unique pharmaceutical function retained by FTD. To
justify out hypothesis, administration tests have been performed with subcutaneous
implantation model of even the pancreatic cancer cell line.

[ ] it 4 . b5-fluorouracil (5FU) =° 1 . I cF,
Trifluorothymidine (FTD) @ Xk 5 727 v #Ei& HN | HN/H/
BLE A LB T (Fig. 1) 2 BSAH AN, .

L Lfﬁmﬁﬁﬁ%%l:%ﬁnffb< ’fﬁ*‘iﬂq éh H HO 0
TW5b, 5FU 1Z7 7 L LA U 242 C w
RNA [ZHLAIAEILTY R Y —A RNA OIE

AR ET 5, b L < 1% 5-fluoro-deoxyurasil or

LT y/l/ﬁg@/ﬁi\m%ﬁﬂ%‘ﬁ—é NG 5—fluorouracil (5FU) Trifluorothymidine (FTD)
HUBBS AR A JE 95, —J77C FTD T, Fig. 1. Structural formulas of main
FEHEZ o TWRDS U IR bR A R
B L TDNAIZE IAE NS Z & THUEER) . . .
R R T with fluorine substituent

75T, 5FU & DNA IV IAEND Z LD Tc, LAL7Z2R03 5, DNA IZHY 3A
ima’) & TOHUEE N FITBH TE Ty, 5FU & FTD TidE % *%ubﬁlf

IZILTWAIZ S 0 b3, PUBESNFRICR L TRE2ZN4AE U HBH T 50

tto“Cb\tcb\ & ZCAME T, DNA IV IAENTZFTD & 5FU " b 72 Efﬁ%iﬂi
HIREEDEWE B BT D 72012, 0 FENIFRHE & B PR 2 O TRt 3

components of anti-tumor drugs



HZEE, FTD BNEVD IAENT- DNA PNFFET HHREREA W= X L& EHT 52 &
ZHPE LT,

[HiE (B )1 7o FREMRIENE TN DHFIC L > T A MG E O EER %
BRI 272002, WA O BM{LET L (Fig. 2A-C) Z1ER L MP2/6-31++G** L
JVC Ak Lf%ﬁizwﬂe B LT, & DI IELISN OFE BAFH & fi 3 %
ZIZBEDNADTF 2 2 O—ERIZ5FU (5), FTD (F) IZiE#H# 7= — A4 (Fig. 2D-F) %
TER% L7z, =¥ —f/MED# ., Amber Force Field % VT 310 [K]D/KFHERBE T C
FENFR R A S L=, EH L QW DR AIER 2 T3 5720, 7Y
Y7Lt b7 Y27 MY ZHWT MP2/6-31G* L XL C NBO fENT & 20t L 7=,

(A) Model 1 (B) Model 2 (C) Model 3
H =9 O /

S

N—< f
\'\ 4 \N4 » H—N /i /§_<N4 PH— ) \ N4 'n-H—
N H*R'J’O ‘\ N H4 PO N*Hi DO

H

Methyl-Adenine Methyl-thymine Methyl-Adenine Methyl- Methyl-Adenine Methy\
fluorouracil trifluorothymine

(D) TEST DNA Sequence 1: TDS1 (E) TEST DNA Sequence 2: TDS?2 (F) TEST DNA Sequence 3: TDS3
5' CGCGAATTCGCG 5' CGCGAABTCGCG 5' CGCGAAFTCGCG
3' GCGCTTAAGCGC 3' GCGCTHAAGCGC 3' GCGCTFAAGCGC

Fig. 2. Simple base-pair models: methylated adenine and (A) methylated thymine, (B)
methylated fluorouracil, and (C) methylated trifluorothymine pair model. TEST
DNA Sequences 1, 2, and 3: containing (D) thymidine, (E) 5FU, and (F) FTD.

[FiE (FEBR)] 7 v FEBRENS T ENLFIT L > TEMT 2WE PR ZBLAIT 5
72, FhFh o TEST DNA (Fig. 2D-F) D445 966 R (SHIMADZU UV-1800
spectrometer) Z HWTWSEEZRSZ LT, Tm, A4S, AH ZHIE LT, 512, B
AmEHED D ORGAE FERET H BT, X— Rv 7 RIS ARIREE (Pancl) ZFHH L |
5FU, FTD £ ERUTHEY L7z Al &2k nix b U, IS IARRA L 2 g L7z,

[#EFR - BE]
WIRE DD HMLET LV EHAWEFRE TR, BFOF IV L0 7 v FRFBA-
72 5FU, FTD Ol BB /L F—13 K& < “EIRITEEILT D, —FH T AH DNA
TIEZ OE AT EE L, 1#F O DNA N—FLZELL FTD 28 A->7- DNA TIZ FTD &
*H?ﬁ'J?T VI OKREBEEDMAE LR L E LT, 2, 7 /7&‘%%75‘“ OBk
LR EE R R — 77?75’~$EE1”EFHTB'§<U%O THoZ LTk
ELTWD EEBZ BN, ZOBGmMERZ XRT 5 X 512, @5 DNA, 5FU aﬁ DNA,
FTD &4 DNA O TnfEIXZ 1 E 41 64.2, 58.9, 56.8 [C]kfot@ FTD a.?ﬁ DNA i’fﬂjj
FHNSOARNLZED /R ENTZ, TDOZ L5, DNAIZHRD A E Tz FTD A HUEL %)
%‘%%%ﬁﬁﬁ“éﬁm 23, FTID b 726 “EHEOBAMEDRLZEENS, DNA FEik ¥
VNI B ENEENZ ENEREEZ LD, ZORGRNIE LiFAUE, FTD 135
PR RPN A RIS 5 L N E L DD, %‘Zﬁ%rﬁ%ﬂb B EDS AU AR
AWM ER CHIEGEI R 2R LI 2 A, ERAITHT2HRARITH D
Gemcitabine & [FIZENE L, EOYUERE R 2R T 72, MY BRET S,
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High pressure effect on the molecular properties and molecular
piezoresponse studied by quantum chemical method

oRyoichi Fukuda
Elements Strategy Initiative for Catalysts and Batteries, Kyoto University

[Abstract] Pressure may change properties of materials. Piezoelectric effect — polarization
induced by pressure — is a typical example. Piezo-response of molecular materials has been
receiving increasing attention. For a rational design of piezo-response molecules, we need to
consider the deformation of molecules. Then we have to evaluate the variation of molecular
properties induced by the pressure and the deformation consistently. Constructing reasonable
and consistent models is still challenging. Here, we study the piezo-response of molecular
properties using XP PCM (eXtreme Pressure Polarizable Continuum Model) that is an
extension of the PCM for studying high-pressure effect within molecular quantum chemical
models. We applied the XP PCM for the pressure-induced polarization of donor-acceptor
substituted [6]helicene molecule. The polarization is induced by applying the pressure due to
the enhancement of the intramolecular charge-transfer between -NH2 and -NO2 groups. The
molecular deformation by high-pressure enhances the intramolecular charge-transfer. We
found a mechanism of the piezoelectric effect caused by the variation of electronic structure
induced by the molecular deformation.

[FF] WEIZE 10T 5 &, OB BIIEZIL D, IEICL Y SomEifFEd 5

JEE SR (piezoelectric effect) 1ZfNFEAI2HITH 5, Vﬁ’ﬁ%%rﬁ“ﬁﬂk LT, &
{bH#fign (ZnO) °AY 7 v {bv' =Y 7> (Polyvinylidene Difluoride: PVDF) (Zf8%& &
DR - MBI ZEIE b T\ D, JETL ’ﬁsﬁﬁﬁ“éﬁa\%@ﬁ*ﬂrk L T,

F-PEREEh D5 %FE%HE{/EEH ZHE L0 FEAIC DTEREFH LY 35 FE
NEZHLNTEY, mﬂb%ﬂohfb\é[l 3] iﬂ'&é’aiﬁ FEREOL RSN
ﬁ@iﬂ'&ﬁfp}:%ﬁmn I, ECE oEE L. RIS X o TElil S 2 e
@fft%zﬂﬁix%T/I/Mﬁ“é%’:/iiﬁwégf%é Fexlx, mENTD5 %%g%ﬂ:
RN ET LT B FIETH D XPPCM[4]#BRZE L CT\5, XPPCM IZEEIC
DFREEDEAL L [5], mIES) FIZE T 550t %[5,6]15 %ﬂa@g%ksﬁﬁr /ﬂ:ot
DEETL2ENARETH Y | 5 T WD I NEE ORI IR E 5y OREEHT I A
TEHLEEZXTVD

[5¥:] XPPCM Tix, #HE O PCM IZHNZ, @ET) FCHE L R HIWEDETHE
L HBLIRTRIE & ORI Pauli K JI(V,, )& BIET 5,

G, =(V[H’ +1Q¥)-V+V |¥)+V,, (1)
JEINERD H BT 2L —(G)DIRFEM /7y T DM, XPPCM Tk, ROKFEE %
PCM O v B ¢ OIRFEZA (o, ) & BE ST 5,

p=-(0G/oV)=—-(3G, [oV,) 2



PCM O v ©7 ¢ [ TWHE 0 F 2T 2 8 OALE 2 Fl & 3 2 B R o T2 ERIR TR
% S AU, ERIR D 1345 R 1~ 0 van der Waals 881258 24 72 A &7 — VIR () &2 T Tk
WhH, THE, PCMDOF ¥ BT 4 (BHEIZA T — VIR O BEE(v, () &2 b . X
QITEEDEENNRREEBR TE D,

Pauli repulsion IHI%, ¥+ E7 1 OLEZ GO, ®ET
TOHFHEEDRBELILF ¥ E7 4 ZFEE L TTWV, 56
N b S DR E CROH TR v BT 4 ZEE LA
L. MERxE(bA# YRS, ®mETOS M. BmE O
TARNAX—WNEFICLVERT 52N TE S,

Z ZTlX. Donor-acceptor E#t L 7=[6]helicene (Fig. 1) #% HX
v %, Donor/acceptor & LT NH2/NO2 %5 % %, Helicene Fig. 1. Structure of D/A
&j:\ %EKFS%TE}EE@WUE‘@’E%@”% s ”:%‘%_ 6%«5 [2,3]0 5ublsti.tuted [6]helicene

T i kI C @B97XD/cc-pVDZ D FEINLBESEZ v, W

PEIX 0B9I7XD J U PBEO JLBI%L CREAM L 7=,

[FEFR - BE] Table 1123 ESNES (BKE) (I T 5, BRI T OBAE T
=AY N EGMEBEOES Sy H T, £, C1-CL6 HEEfE & NH2/NO2 © N-N FEffD
JENEAL S T, EENT DL, EIZ 28T RIS D ERE STz, —F TREGR1
T AL MROIBRIIEN 2T HFHTH KR LI, DF 0 INEICE Y 5FI1E X0 o
L. FERORELS2D2F2RT, ZUd, DIAEHIEOREE (N-N FEEE 23EIC
FOHEESTVWAEFELEFIETHLOICHZ D, HENIZ, BAGRTE— A MO w57 1E
MEIZEV/hEL 2o, L, WTFE—A Y FOEERESTIE i THY . px
AT IIAMEIZ L DR LTS, ZiuE, NH2 & NO B0 EMRBENC L 5, DIA EHfh
AEOWRENME £ 2 FIZ LV o FHROEMBEINMEES L, D (NH)IE, KD RERE
Bz, A (NOQIZABMAEMHOD Z LIC2 D, R D-r-AENINEICLY, LV
RKEL DT 2HFHITIR D, DBET Y IVOERDTD ax & oy TH Y | #EEELOS
] & RER DA D IR RIR > TN D, ZD X D IZES) e EDIERD F1751) 72 JlE
D FHEEEZ 2L S E, TOMEEIC LV FHE S D EFIREEOZ(L N IEIC 22
FTHAD=ANHE R LT,

Table 1. Pressure (p in GPa) effect on C1-C16 and N-N distances (A), dipole moment (p in D), and
isotropic component of polarizability (o in A3).

p/GPa C1-C16/A N-N/A ®B97XD PBEO

u/D o/AS u/D /A3
0.9 2.986 3.877 3.25 48.96 3.16 50.36
1.4 2.973 3.775 3.33 49.22 3.23 50.66
2.2 2.960 3.710 3.40 49.52 3.31 50.98
3.9 2.936 3.607 3.51 49.80 3.41 51.30
6.9 2.920 3.598 3.58 50.14 3.48 51.67
9.7 2.848 3.372 3.70 50.27 3.59 51.85
13.5 2.865 3.300 3.75 50.16 3.66 51.74
[ 3]
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First principle study on alkylation process of Ziegler—Natta catalysis
Hiroki Sakaue, oShinobu Gan, Wataru Mizukami, Yuriko Aoki
Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Japan

[ Abstract] The heterogeneous Ziegler—Natta (ZN) catalyst, where catalytically active
species TiCls are supported on the surface of MgCly, is a well-known and massively-used
catalyst for olefin polymerization. Despite its long history, the reaction mechanisms of ZN
have not understood well at atomistic scale compared with other olefin synthesis catalyst,
such as metallocene. Especially, it is not clear how the titanium atom is alkylated by
organoaluminum compounds (e.g., AlEts) prior to polymerization steps. Stukalov and
Zakharov proposed that the alkylation process consists of the formation of a complex between
TiCl, and two organoaluminum molecules, and its dissociation. Their model, however, has not
been verified by electronic structure calculations so far. In this research, we have performed
first principle calculations with considering the effects of a MgCl, surface explicitly to
investigate the Stukalov-Zakharov model. Our results show that not one but two
organoaluminum molecules are indeed the key to making the alkylation step possible.

(]
AU 7L (PP E, WEWE, MIMEICEND E WS RERHD, 7 41

2« HEWNEEO T 72 ERIAVER & Z RS, BIE PP oSl st & LCix
MgCla 2% i | Z il BT PERE TiCly 2 #15F X 40 7- Ziegler-Natta(ZN) AN —fil g 23 3l 5 i 7
ZEHOTNWD, T =T ORE S EILEMEIZ, RNY—FRTH D ZN Al IRE 7 ]
W7o dlbih 2 W23 A 2 o filfil7e & Ll 2 O SOGHERE TS5 %ﬁ%ﬁ%ﬂ
HATND LIFEWEE, B 21X, 47 4 EA HIKIE Cossee—Ariman HAE (2
THETe Z EDRH LN 725 TV B D, %@W&KT%511A@I%WEE@TW%
JVIBEABFEN ED X H T o TV ENT LS Do T, T AL KR A
AlEt; 2 EDOFRET VI =T M Lo THED Z L IEEW RV, Ll AT L
= LE Ti 28 MgClL i ECEMARMICED X 5 G % B 2 LT D 0MI RO
FFELROoTND, ZOTNFIARIZE L T Stukalov 13 Ti N _>OFET LI =
U LT LS T D Z L CRIGHETR ETHET AV ERB L TCWAIL, 725 L., 1
HIX TiICla i3 FE AT VI =7 A & OKFR ST xT 5 Bl & L FEEN D
POCHEZ 2B L TRV . MgCL R DRIRE —UIZE L T Hd ., EBBRER LS
ROTWev, Z 2 TARBFZE TIX ZN L2 3517 2 7 L AL RO RS OfiE ] % B f5
LT, RABEBDICEEB LI-AT 72T VAR L CE—JREEHEIZ XL 5 Stukalov



DIZ X DRI ORAEEZ B Z 72> T2,

[FtE5iE]

ARFZECTIE, B JREF B IRIEFHIC VASP %, ERIRIEZR R 21 Henkelman
%@VBTz~%%%Vv-ﬂﬁm%ﬂ%@::HBE%%wtﬁﬁ ROFLIRIZIL PAW
Zffivy, Cutoff energy % 400eV & L7-, ZN filEOFHEET L L L TIL, 2X4 O
MgClo(110)Z i (ZfitiEyE AR TiCly 2R S A T 72T V2 HvWie, KmEX 3
JBETHEEL, REBOMEITFICEELILEE L Lz, EBREERIL NEB,
CI-NEB. Dimer method ® 3 FiEZBLEMICS S E B 2 o72, F7=. Gaussian09
EHERAL, REEET AR FAX —ET LV TORE GBI o7z,

[FER - BE]
Fig.l. I R" T K OIZ 2D AlEts 73 F L8R Z AT 5 2 & T ZN iz Bir 27

IV IALBHEITT D Z LR E N, O BO AIEB BWEETHZ LIk, Al
TN =T LADMBEICHERRIST RLE—T AIEB 2 1 5 FOHDOEE O
19.6kcal/mol 7> 1.1kca/mol ~ & 18.5kca/mol HAK T35 Z & Bbhroiz, KFAET L
R TAF—FTINDO _ODOHEET/NLTH, L4 10.4kcal/mol & 10.0kca/mol
ERBEDBEM DR STz, Z2HD AlEts 75725 AIELC] Z 5| & < 72 DAl & 7
STND I ENDND, Al ITHEREI D & Z&EKDIZH )Y 4.6kca/mol X EZET
& 1 (B3LYP/def2-TZVPP L), ZOMWEETEN LI AN = AL E RTINS, it
BIES I D BUGFEEE X A 7 7 5 )L D4 T 20.6 kcal/mol & 72> TEY | 2 OJEHHE
DB ENRSINT,

kﬂ\' L /
cl _/ i — j
C\—TiLC\ AlEt3 / /T'_c'\ AlEts c—Ti Lm N Cl—Ti—¢l
SN N —» /N N\ — > /NN AELCIAIE
MgCl, Surface 165 MgCl, Surface 09 MgCl, Surface 11 MgCl, Surface

Fig.1 Alkylation reaction mechanism of ZN including complex formation and heat of reaction using the
slab model. The values are reaction energies in kcal/mol. Open square indicates a vacancy site at the
titanium atom.

Y HIX ERD TiCls & AlEts 28 4 BERZTERKT 5 TS 7217 T7Z2 < | Trsichler 52308 2 C
W5 6 BEIREZRBATIETIARICOVTOHAEMELEDLE THET L TETDH
%,

[2E&30iRk]
[1] D. V. Stukalov and V. A. Zakharov, J. Phys. Chem. C 113, 21376 (2009)
[2] H. Trischler, W. Schéfberger, C. Paulik, Macromol. React. Eng. 7, 146 (2013)



4P092

ASUOTBETILZERAVEEVTALAOSZIAL—YavItED
2DRE VY ARF—N\—8E&D 2 FRIHBEEERADFEHA
H 4Kk - il
offt Il MERL, AFRE AR

A Monte Carlo simulation for intermolecular interaction of 2D

spin-crossover compounds using the Ising-like model
oSaho Kajikawa!, Azusa Muraokal
!Department of Mathematical and Physical Sciences, Japan Women’s University, Japan

[Abstract] Spin-crossover (SCO) complexes show the SCO phenomenon: a remarkable
bistability between diamagnetic low spin (LS) and paramagnetic high spin (HS) states
depending on several parameters such as temperature, light, magnetic field, pressure, etc. In
recent years, owing to the marked transformation of magnetic properties, colors, and
molecular structures of transition metal complexes following the SCO phenomenon, SCO
complexes have been attracting much attention for technological applications, e.g.,
high-density information storage, display devices, and micro-sensors.

For magnetic property of SCO, intermolecular cooperative interaction plays an
important role. The purpose of this study is to clarify the influence of intermolecular
interaction on the phase transition. To evaluate the model and clarify intermolecular
interaction on phase transition, we perform Monte Carlo simulation of 2D SCO complexes
using Ising like model and calculate differences of magnetic susceptibility curves due to
particle size and shape of SCO complex.

[FF]

BEE, o, BN EONGIT LT, RAE Y
(LS) &, EmAE L (HS) D TA B ARREENE (LT
HE G A A 7 1 AF—3—(SCO) & W 9 (Fig.
1), Z® SCO B %1} H EB B EIEIL TH 5 SCO
PEIRIT, BTIRREEB LS EDZ EiIcko T &
THEESCE, BMEE RS KBS D7D, ik
PRAE YT 4 AT LA E~DISHNEFEE
HAHEHTWAHIM (o

SCO $EIRIC I VT D IeMERBLIZIX., o D IHE Fig. 1 Spin crossover diagram.
WA EAENEE CTH D, AWFIETIEL, o7
PR ORI AT T MBI ERPRERICE 2 2 W EBORHAZ BN ET 5, B
KB IEZ, A P TREET L EZAWT 2DSCO KD E L T hhrm vy I 2L — g v
#1T 9 T & T, SCO S8R T /7 ki 1D K DAL RN DR W2 BERFHE T 5,
Z LT, BT /VOFHN & M AEERPRERICE 2 2B O W TEmT 2,
[F+EET V]

T 512 K> T, Ising E7 /L& V2 SCO $8{K T 2 B D7 L THiu T
%R 1sing BT L TIiE, HS & LSREEZ ZNEFNEBEAE U HE SO+ 1 £ — 112
KIS HED, AT BICROER (V) BFREIL0KE NIV =T
v (K@) TEALE,

High-Spin

st

Low-Spin
4

Energy




H=-3> > S3DSi+ij+ j')+(%—kBTTIn 9)> s, ) (1)
(i,j)i=+1 il

‘=41

A VIINSES3FD A B IREER] D = R )L ¥ — 7% Eps-Eis. J 13 BEEE 5 112 D Al < sakgdt:
P AAER DO/RTZ A =2 Th b, KfEIL, FBRMEE Y 1300 K, 160 K ZH 7=, ARof
FETIXIESTE SCO F V Ki 152 ET /b T B, LXL OFEHEA Lo+ »NiEA T
WhHEZE % SCO BIBRITBIT oA ZREH~T-, RaT /bt Exfa 2S5 &
FWHyFIEa 7 o1 (FELUSADOGT) L0 EHOEN FH5HE% T 5720, HS (2
b9 <, SEL =S )=SiD=SL j)=+1Th s, (L—22 DT oFIL. *
FaRY REEZHNT, B = IV GHRIZESHDTAE REREHT SND, 77720
H. exp(—pAE) ZAEEL L THAIREE, B0 FICOWTAE VAN EZ 2008 9 )
Wrd %, SREEVERIFE EAERNIBEE S T ORIT@L< 2D, FIZ 2 o, HDHWIE 1 DD
HS [CEESNRED FEHEL TV a7 iy VHREZ TR0V, RO
%%ﬁmHsﬁﬁﬁﬁb\mgﬁ+@W2kE%éh\

aL-)+3" s

i=1 oo

(s) E @ R
ERTZENTE D, PHRIE T lIA L35
NELIBRDIFOREELTERIN, ¢ = ) ' =4
Ohs/gus [T DOFIRE DO TH L5, 7T Y XA :£0'6’ -L=12
X Fortran # W Cm /oI 7Lz, 1 KT 0.4 i%
DOT=170K 7>5 220 K £ TIMEAL . £ D% 170 K
FCRHALTHARIED HS HEERD, H— 7
MC A7 v 7 CiE, #ifisr 7% HSRiic, =7 00— 200 220

7% S0%DFEFRT T 2 AT LS HRABIZERE L Tempreture (K)

oo ZDO%%, FIREIZOWT 1000 MC A7 v~ Fig2 Calculated thermal dependence of
R L, BARoTeT v A — REMWT 20 18] the Hs fraction. (L = 4, 12, 30, 100)
FEL, YA ROV TEY L,

[52R]

Fig.2 |2, &k 754 A(L =4, 12,30, 100)I231T 25884 HS SR &2~ 2X2 DT
FiFZFFOL=4 T UOKIZBWTE AT UV AZFFZRNRTELNERZ R L
oo TLTC, B HAAXDRREL2DIIHONT, EBEREIXERAA~7 ML, BA
TV VARMIIRS 2D 2 ENonDd, T, IEFIT/NS T 2R+ Tk, 2O
BRIV NS A ANRKRELSRDICONTE AT YV ARBEN DL EEZ B
Do BRIRE OV A AKFMHITIERNIC bR SN TR, ST 77 Al k-
THERE IS\ TE L, £lo, KA XDRRELRDITHONT, K HS 7RI
BETFLTWD, AV alb—ra TR, KETORE HS 5RITx= > V127 575
D AL—1) LPITHEICHELL 2D, =y VRBRE BT LR TR, HSIRHE
IO RAEPNTNWD Z LR 00D, BUUEETIZ, RO FE2FORTH, BIR
ICE - TS D FVRRR D Z ERRE SN THDEL, REER, 3D D% & DL
EATVN, Ty VEIRN SCO F / Ki I B 2 5B DWW THIET 5,

e BEN
[1] S. Amabilino, R. J. Deeth, Inorg. Chem. 56, 2602-2613 (2017) [2] A. Muraoka, K. Boukheddaden, J. Linarés,
F. Varret, Phys. Rev. B, 84, 054119 (2011) [3] D. Chiruta, C. M. Jureschi, J. Linares, Y. Garcia, A. Rotaru, J.
Apple. Phys., 115, 053523 (2014)



4P093

“RLT = LEEZEZRN-ERBRETOEROTR
DUINRISERE, TUMREE - L, PKEK - 38, "RigKEE - L
OILARSEN!, MR, HPRE°, W, AL, S

Theoretical study on the reduction of nitrite to ammonia

on a diruthenium complex
oAkihito Egil, Kei Ikeda?, Hiromasa Tanaka®, Yoshihito Shiota',
Yasuhiro Arikawa*, Kazunari Yoshizawa'
! IMCE, Kyushu Univ., Japan
? Graduate School of Engineering, Kyushu Univ., Japan
3 School of Liberal Arts and Sciences, Daido Univ., Japan
‘Graduate School of Engineering, Nagasaki Univ., Japan

[Abstract] In the nature nitrogen cycle, reduction of nitrite (NO,") to ammonia (NH3) is
achieved by a heme protein called cytochrome c nitrite reductase (CcNiR). CcNiR catalyzes a
direct reduction of nitrite to ammonia using seven protons and six electrons (NO, + 7H" +
6e — NH; + 2H,0) under ambient conditions, but its detailed reaction mechanism is still
unclear. Very recently Arikawa and co-workers have reported a stepwise reduction of nitrite
on a diruthenium platform {(TpRu).(u-pz)} (Tp = HB(pyrazol-1-yl);) in Fig. 2. They
demonstrated the transformation of a nitrito-bridged complex 1 to a nitrido (N3°) complex 2
via a nitrosyl (NO)-bridged complex 3 at room temperature in the presence of a proton source
(HBF4) and an electron source (Cp*,Fe). The nitrido group of 2 can be converted to ammonia
by the reaction with HBF,4. In the present study, we performed theoretical calculations to
propose a plausible mechanism of the reduction of 1 to 2 via 3.

[k BRSER A 42 (NO,) 27 U E=7 (NH;) OB T 2 uk 2%, BRAD
RV A I IVICBWTEETHD, ~LX R IETHDHY 7o b e HisiRL & 7
A —1 (CcNiR) X, HEEEA 4L HET VBT ICEBT HERTHD (NO, +
TH" + 66 — NH; + 2H,0) . #Effli7e SOSSIBIIRIZICAHTH D b O D, BHED
MBI ClL, HEEEA 4o D 1 EETIC LY —BLER (NO) BWAEKT D EE X
HAILTWS, FEEIT, ~AEITHE L2 NO B EFHC Bl & Tung, !
BITAN I, $kORETETHINT = LmaT & Lz K2R, 7
v kI ALH EBEITCAIOFE T, HAEEEA 42 BB T =T ~ERT 5 A 7
NEREE LT (Fig. 1), 7o bALRIEETAIOYBEEEZ D Z LT, HimEsEA1
MH= MU ReR2 L= b o ek 3 2 ERBNCHEE L 7=, F7-, 85831270 b
AN & DRSIZ L 0 85K 2 ICE WS Ty T DT =0 LEERIC X % BRI IC U5
DOEREZ FERICIT 95 2 & T, BRSHEEIC OV THEHRMAEZEH 2 LN TX
%o AW TIE, BHEFFEZHWT, HERER1 2= 1Y NK2I12ETT D
BOGHAE 2 SR RRE Lz, BRRIZIE, S8R 1 OBETIz L D85k 3 oAk & $&1K
3 ~DT7a b AN K D8EK 2 DARIZOWT, SR O T X LX—T 17 7 A
IVEAERL LTz,

[BFEFE]  Gaussianl6 1 7T Ax AW TEENEEEE 21772, FLEKIC
Grimme D/y# /1M EZE Y IAA TS B3LYP-D3 %, JLEEIHIZIX SDD (Ru) B L



D95** (Z D) ZERM L7z, 7 v b Ak NO,~ + 4H* + 66~ —> Ny~ + 2H,0
AN HBF4, EILANCT W AF LT =1

T (Cp*oFe) MV, HRIEAT v % ol (%: orl
DIUSHE ST Lz, MIERBIL TR it hd Tt ™o
JSHRIE (CHCL) ORI R% PCM T U 2 @ 1
BV IAATE, BOSEME 298 K TOHH T
FIVFX— AGaog TR L 7=, +
_ a H* (HBF,), e~ (Cp*,Fe Ru A Ru

(RRLEBRIMWIRA 4> O BILE g e N0
HF~DiETT (N0, +2H + ¢ — NO + ¢ o "o,
HZO”j:\ F1g2(a) L:j—\“’g“i 5 L:ééjé?ﬁg 1 (> nitrito-bridged complex nitrido complex
NO, Bfir fF~DF 1k AINTIE S, Y e i
NO, D2 HOBREIRF+DH b, Ru &fh \ef\(Cp*zFAe') H (HBV(
AL7Z0l ~D7 1 kAN RILF
—HNZAEFITH Y, 7'a b ATIAETT 0
BT ENbhoT, = hr L N
SR 3 AT HES T B Rl

Yj_\%:\ é}ﬁjél:ﬁ: 3 @701:1 I“ V’ﬂﬁb: J: 6 a— I“ nitrosyl-bridged complex
U REEA 2 DAERICHOW TR LT, 1 8

O FEM D A B 72 72 9 . penitroxyl
(u-HNO) JEANENL L 7= "B Mo dtfk® %
2% L LT, p-HNO K 4 28 H 4 5 ROSHMEZ G L7 (Fig. 2(b), 7’1 koA
NO BN+ DFRFEFF AT 572, 3 005 4 NAEKT 51T, BAAEROZLE# L
SFRT O b U BEIRLETHD, I a b AN TH H— T, £ U7 NOH
BN 7 DENAR O ZEHL S TR BV (AGaog = 32.0 keal/mol) Th 2D Z & MRihro
oo ZORRIL. 4 DFBIRTOAERDBRHNETH L Z & E2RELTWVD,

Fig. 1. Reduction of 1 to 2 via 3.

(a) The reduction of 1 to 3 AGogg keal/mol in CH,Cl,
+ 2+
02 H 02 H 02 H L2 02 02
01—N// H* /01 "< H* ?1—H--N\/ e e (/)1—H»»N\ -H,0 N\// N
[Rul_-Rul 53y [Rul_ [Rul 419 [Rul_ -[Ru] -168 12 [Ru Rl 98 [Rul_ _[Rul _116 [Rul_, [Ru]

(b) The reduction of 3 to 2

+ + + +
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+ o H_ H - H MEELN H
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38— N —> /N —> N —» /N — N
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4
* electron affinity
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+
—‘ N —|
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>N 5 N
7 ra” Swa 710 ci-w-o)
~cr” H
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Fig. 2. A calculated reaction pathway for the transformation 1 to 2 via 3.
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Theoretical Study on Intermolecular Packing Effect of Third-Order

Nonlinear Optical Properties Induced by Singlet Fission
oTakayoshi Tonami, Takanori Nagami, Masaki Yamane,
Kenji Okada, Ryohei Kishi and Masayoshi Nakano
Department of Materials Engineering Science, Osaka University, Japan

[Abstract] Nonlinear optical (NLO) phenomena have attracted much attention due to its
potential for wide applications to future optoelectronics. Our previous studies have predicted
that weak open-shell molecules have the possibility to enhance the second hyperpolarizability
(v), which is microscopic origin of third-order NLO property at molecular scale, by increasing
the spin-multiplicity. Meanwhile, pentacene is known to have a weak open-shell singlet
character and to efficiently create triplet excitons by singlet fission (SF) process. Therefore,
pentacene is expected to be a good prototype for a new class of NLO materials by combining
the small open-shell singlet character for efficient SF molecules and the design guideline for
open-shell NLO systems. In this study, we investigate y at the correlated triplet pair (TT)
states created by SF process in various pentacene dimer configurations to explore the optimal
molecular packing for SF-induced third-order NLO phenomena.

[F] V— =D X5 R 2 W E IS5 & SEBHO&ERIZHBT 5 IERR
TESTMAFERL X, EAUTEIK T D4 R IERE e F(NLO)YBIR N A L 5, FRIZ =K
NLO BB, FkD L7 hu =2 A~DOZERRICHAPHRF ST A 720, i
EEBR DM HE D HREATHFZEN 72 STV D, mighE® 72 NLO LR DO EH DO 7= D121,
=K NLO 9053 1 L~V DOREIR T 5 5 B Ey) DR E 0% % R+ 2
EMMETH D, Fxld, URIOBEwRMIEIZE T, OB —EERDKE 2 ¢
T Z E1]. Gy SRR E2H TR TIEIAE U ZEEOHMITHE ¢ 23K
THIERIZHOLNIT LIz, IZOWTIFEZ < OERKEE T ETFRHESERIZE S
BEED TNy Ta%aHEE & LCom AN RSN 5 —J7, (I >\ T — &I Bl
AMED/NS 72 R TILE A B RO AN AE S Tid/e < | FERICH T @ HMEIER
figBH C & o 7=,

fth 5., —oOO—EHEBE 75 o0 ZEIAhE 1 & £ 3 5 — B IH /) & (singlet
fission, SF) & W\ 9 BN EhRIC —HIH A AR T iR & L CHER STV 53],
SF\ZBAT A bk = kL ¥ — D@L 6 LIRTFE 2 13, Btz -5 < SF B 10
ARSI ZIRE L72[4] » ZHUC Xk NS RBABMEE T DR ERh%E SF O
T Z EE A LTV, ERIC, 8B EZ AT o220, ZOHEAR
TEBIRIZ SF 2 - L=ZEHEME 24K T 2 2 e/ mbhTnb, Zih SF &
(i) DB NLO ittt At b b & R ¥t 1% SF i O &% NLO %4
EMRDZENMIFEIND, I TARMIETIE, fx DR X TBIRE T UEEIC
BWT SFIZE D AERINAHBE=ZERKETICE TS vy #& HLFEEICEIVE
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(x,z) y=3.50A

Fig. 1. Molecular packing of (a) herringbone and (b) face-to-face slip stack pentacene dimer models.
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Table 1. Spin state dependence of Y, [a.u.]

Model S0So (TT) T x
A 1.66x10° 5.22x10° 5.32x10° Fig. 2. Intermolecular packing dependence
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Prediction of the reactivity and the reaction mechanism of the B=B triple
bond of newly synthesized diboryne. A quantum mechanical study.

Ryouga Yamasaki, Tomonori Hori, Mana, Morikubo, o Toshiaki, Matsubara
Department of Chemistry, Kanagawa University, Japan

[ Abstract] Diboryne, NHC-B=B-NHC, was first synthesized by Braunschweig et al. They
reported that CO is easily activated on the B=B triple bond. If a charge transfer interaction
really occurs, the breaking of the chemical bond would be possible on the B=B triple bond.
We therefore examine the mechanism of the o bond cleavage on the B=B triple bond of
bis(NHC)-stabilized diboryne by the density functional method. Our calculations showed that
both o bonds of the nonpolar H, and CHy4 are broken relatively easily through an electron
donation and back-donation at one of B atoms. These are homolytic cleavage as well-known for
transition metals. Meanwhile, the o bonds of the polar H,O and NHj are heterolytically broken
not on the one site but on the two sites of the B=B bond, both reactions being also easy. Thus,
it was clarified that the B=B triple bond has high reactivities for both polar and nonpolar
molecules, flexibly changing the reaction channels.

[F] N-~ToHd A 270w 7 HARCNHOZERNM L LTHO IR Y T,
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1272, »
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6-311+G* % H\ 7=,
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HEAD 2 ODOREEN D DEF Ot 5.z & Fig. 1. Changes in the energy level and the

shape of the selected molecular orbitals by the
S TENTIHIAFA LTS, €D, bend of the NHC ligand in 1c.
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Fig. 3. Potential energy profile of the reaction of 1c
with the NH; molecule.

Fig. 2. Potential energy profile of the reaction of 1¢
with the H, molecule.
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Path integral molecular dynamics exploration of the static and dynamic
detailed states and the influence of the atomic quantum nature in the
supercritical helium-4

Ayumi Takemoto and oKenichi Kinugawa
Division of Chemistry, Graduate School of Humanities and Sciences,
Nara Women’s University, Japan.

[Abstract] Detailed states hidden in the supercritical state of “He were revealed by the
isothermal-isobaric path integral centroid molecular dynamics simulations. The
thermodynamic, structural, dynamic, and quantum boundaries were detected from the detailed
analysis of relevant physical properties. We clarified the atomic quantum dispersion effect
on the state and the thermodynamic properties. It is found that the Widom line is not only
the thermodynamic boundary but also the quantum boundary which separates the temperature
dependence of isobaric quantum wavelength of atoms. The milder temperature dependence
of this wavelength in the liquid(like) state causes the lower isobaric heat capacity in this state
than in the gas(like) state. With use of the pseudo-Clapeyron equation, the milder slope of
the boiling line and the Widom line than in classical fluids is also explained by this effect or,
equivalently, the decreasing kinetic energy with temperature in the liquid(like) state.

[ BE9) TR S LI EO S ESIEOBEE AR T, SOy EL LI LT
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Fig. 1. The state diagram of *He.
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Theoretical Study on Open-Shell Characters and Nonlinear Optical

Properties of Pyridinium N-Phenoxide Betaine and Its n-Extended Systems
oKoki Watanabe', Ryohei Kishi', Akihiro Shimizu', Masayoshi Nakano' >
'Graduate School of Engineering Science, Osaka University, Japan
Institute for Molecular Science, Japan®

[Abstract] Recently, introduction of charge asymmetricity to open-shell singlet molecules is
predicted to cause a significant enhancement of third-order nonlinear optical (NLO) properties.
Twisted intramolecular charge transfer (TICT) chromophores are considered as candidates of
such asymmetric open-shell systems, since the intramolecular interaction between the donor
and acceptor parts can be tuned by changing the dihedral angle between them. In this study,
we investigate the dihedral angle dependences of open-shell characters, asymmetricities, and
third-order NLO properties of pyridinium N-phenoxide betaine and its n-extended systems by
using the ab initio correlated molecular orbital and density functional theory methods.
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Theoretical study on dissociative recombination reaction

of NHz2" + e by AIMD and electron dynamics simulation
oTakuya Koyama?!, Tomoko Akama?, Tetsuya Taketsugu'-?
! Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan
2 Department of Chemistry, Faculty of Science, Hokkaido University, Japan

[Abstract] The dissociative recombination (DR) reaction is a combination of an electron and
a positive molecular ion, followed by the dissociation into several neutral fragments,
represented as “ XY + e~ — [XY]" — X +Y ”. The DR reaction proceeds via the direct
process or the indirect process. In the direct process, the molecular system directly hops to the
dissociative excited state of neutral molecule after capturing an electron, while in the indirect
process, this transition proceeds via Rydberg states. In the previous studies for DR reactions,
AIMD calculation was performed only for the direct process [1-3]. On the other hand, in this
study, we investigate the indirect process of the DR reaction of NH>", by applying electron
dynamics method to the process where the cationic molecule captures an electron.
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B L CER N E Z % indirect process 35 X HAL TV 5

BIN—TTIEINET, FFEWEERZZE LT ab initio 77 781717 (AIMD) &
% VT HCNH'Y, H;0'), HD,O'P1lod DR [ B L CREERIIAIZE 24T - T& 72, A
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5 TH%H CASPT2 Ziiifl L R T & DM It 23 BRI L > THE S Z L 2 AR
L72, F7-. indirect process {Zxf L Cld, T ¥ A T I 7 AFE DM D7D
\ZEEEATHN DB LTI DOV TN, B HEROEFIREBSMOREL B LTz, €
D% DERS L EBERFEOBIMNIIX, AIMD FHEAZ#EHT 5,

[direct process] direct process (22U Tk, NH, fZEEEFRICX3 2 AIMD §HHE 21T



77 BFEIFIEICIT 9 IREEZIRAE I E 7= SA9-CASSCE, 1 L Y CASPT2 Z v,
FEEERI%EZIE Sapporo-TZP % FV =, 1000 A g o st L CatE A T o728 =
% A5 5T fREEAE R O 43 I8 b1 SA9-CASSCF TILEBR (I 2 1 ZIEHEHL L TUVV =23,

CASPT2 TIZERME L 1T RE S B2 RNE LNz, BIE. AIMD #HHE CTHE L
RT VX VRZE L ONERIEL, HEMEREOZSEZHBT CTHDH, £,

NH-+H (Zfi#BfE3 2 & 0 & N+H+H [ZfiffEd 25 b D & Tk, #ISHIcED X 9 72En
W B DT — X BRI 7B DFRAT U, FRBEAE R D o3I ey = D X5 7kl B
W72 BEHIZOWTHLRFT A2 TETH 5,

[indirect process] indirect process CTld, NH>"(Z & 5 % 1% |2 £ 7 Rydberg fRAEIC
AL, ZORMEREHOEBR 2R THEECES LB XN TWD, KRIFETIL,
NH'\Z & D f-flidE & £ DEE D Rydberg RHE~D 7540 2 LU FEIR 5 729
NH,"® Rydberg WBIZE 2 MM L7cEFRELZVIHSEMGE LT 2B XA FTIT R
AR AT o7z, FHEFIEICITFERHIFEE TDHF 2 v, BJERIEICIE STO-3G 12
Rydberg function Z 1 %726 O % FH 7=,

F9 NHLNCEFE2HEISEZRICOWVWTE XA T I 7 AR EZITV., BEIT
DIFHZLZFIR LT, B EEZOEIRBSM A/ L70D, BEATHIN 57
N7 MVORFRZAGZFHR L Fourier 243 % Z LIZ LV A7 hLZRDTZ(Fig. 1),
K0 FEMZR AT D T2 OIZE FEAT N D57 Dij(f)® Fourier BT X DT 21T > 7,
Z T, BEATHIORIE i, j 121X NHy D5y F#LE 2 H\ W2, Fig. 2 1 B B FDOEELT
FID 417 8 Fpksy (DPyg) DEFRZ{V. % Fourier Z#4 L T L7 AT ML EIRT,
Fig. 2 T2.17eV IZ K& =7 NHEINLTWNWDH Z EMND, Fig. 1 D 2.17eV ODE—7|Z
X NH D BETFDA4EFEHE 8FEHDO S FHLEMDOETEENTFE L TNWDHZ LR
mole, RERICEEITHIOMDR M52 & T, £ —7 ZlwE LEIRESTA
EIRETDHIENTEDHEELZLND,

B AAT IV AHEICL > THEONT-E T HEEROE HIREESAZ AIMD &
FOYMGMIZT 5 Z & T NH OfFBEEFR 2% L T indirect process % %5 & L 72 AIMD
AEEITH) ZEEZHET, 2O OFEIZHE-D X NHy' @ indirect process (Z331F 5 DR
&S DRI F3 M5 R0 DS A T1 = A BT DWW THRETT %,

2 >
2 G
[<5] c
€ kS
- k=
W, .
L_ l U (r 5 10 15 20 25 30
0 5 10 15 20 25 30 Excitation energy(eV)
Excitation energy(eV)
Fig. 1. Spectrum obtained from Fourier transform Fig. 2. Spectrum obtained from Fourier transform
of polarization vectors. of density matrix (DB4,8).
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Study of Binding Small Molecular for DNA mismatching site with
Molecular Dynamics Simulation approach
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[Abstract]

Expansion of CAG triplet nucleotide repeat is related to genetic disorder such as
Huntington's disease. Nakatani et al. reported that a small molecular, NA, could uniquely bind
to A-A mismatching site in the CAG repeat and contributed to big stabilization of
mismatching-duplex. On the other hand, the study of structure-activity relationships of the NA
indicates that a little structure change of NA led to the weakness of binding capability. To find
out these differences of binding capability, we performed the molecular dynamics calculation
for binding state of DNA duplex and NA-derivative and focused on the complex structure
changes or its bond condition differences. The result of calculation shows that the binding
states of between the small molecular and N7 site of Adenosine or Guanosine are possibly
related to the duplex-NA complex stability.

[FF]

CAGD MU X7 LAF ROV v— kD&% Huntington J 72 & DB FIZERK T 5
IR & BB 5, /Ny NA ISEEED CAG VE— D A-A A~ v FEMLICHR
IR A L(Fig.l). S BICZABEHOREMICRELS FETHZ nHESNTWVAIL],
—J5 . NA 57 OEETEEFIRZE N D, DT M ERLIc LV IZE A EREAICE
H1L7< focé ENRENTWND[2, 2D Doy FAEE ERERREDZE I LT 5
7201, FEFEY I 2 b —2 a2k DNA @ K E NA FiEk L ofEs
WHEEZ AL LT, ZOMECHASIRREDIENT 21T > 7=,

Naphthyridine e Naphthyridine 1
oYY ¢ —— A N » /‘N
Sy L eem 6— L
e e o [, " c— Ll )N

X A AN | Ho A
P ‘r.n & X [ | A
H — — \
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H o —C /N N
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Azaquinolone

Fig. 1. Schematic diagram of NA binding to A-A mlsmatchlng site
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CAG I A¥ v FIT NADFEG L& T4 512 & 5 NMR ##1&[1] (PDBID: 1X26)
ZHWTe, NA OFFERDBFES L7IREIL, NMR #iE%2 ¢ S I2/ERK L. Generalized
Born (GB) 7 /W CHEE Eifl 21T - 722, RHEICH W=, I#51E DNA 123 LT
I3 Amber Force Field (OL15) ZuEH L. —J7. /IMyF1Zxf L Tl General Amber Force
Field (GAFF) # M L=, D EMIE Gaussian09 % VT, B3LYP/6-311G** L--X
JLTCEE L= . Amberl6 ¢ Antechamber 7 & 75 L Z VN T RESP Efif~ & 25 L
720 F72. TXTD MD 51X, Amberl6 /X 77— ® Sander & Pmemd % H\VTAT
VY, Particle Mesh Ewald 5% 7~ 4 7 10A & L CTHW=, HEROBRTIZEBWT
IX. DNA OAEMZFFT 572012, Natz iz 7=%. TIP3P ODKET/VE 1 HyT
FREMZ ., EREMOBEEZFHR T 572012 Na*, Cl 221 20 BNz 7=,
ML 300K IZRXE L, 100ns O FE) ) I ab—a V& {ToT,

[#FR - BE]
NAFBEERDEAFTI T AR TIX. VT = T7F VP UBETT=0 7
0 UM OKEBREEOREFICRE BT RA N o7-, LL. NAGHEKRDY
T —EALD T I BT KRFREEEER L TWA Z ENH Lz, £ 2T,
Fig2 DX 212V > I—D NJRFEKFREEEFEK LD DT T =0 FRIT 7 T7=00
N7 iz L HRBEICE H L, OBt DA 2 R 7-(Fig.3), fEEMENTIN D /N1 T,
TT=2DNINLE LLSFEE L TWAHIIN G D DIZx L, fEATEIRREN WD T
TlE, 77 =20 N7 ORI AHEESS, 77 =00 N7 I S5<#EEIY 2 5 &
WO ZENRgInoTe,

NA NBzA
= Res23.A17 = Res2
Res2
= ) Res2.
Res24_G7
00 00
<« hydrogenbond f
200 200
new interaction
- site
L ) L 1

NAC NCA

7
4

istance [Angstrom] Distance [Angstrom]

Fig. 2. New interaction site (green
arrow line) of NA with Adenine
and Guanine

Fig. 3. Distribution of the distance between NA derivatives’ linker
and N7 site of Adenine or Guanine
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BEAHTDIZ, BHEFEHEEZRATWS,
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Theoretical analysis of the active site opening mechanism
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[ Abstract] We investigated the active site opening (ASO) mechanism in propylene
polymerization reaction by C symmetric ansa-zirconocene catalyst,
[Si(CHa)2(indenyl)2ZrCH3] [CH3B(CsFs)3] (1). The replica-exchange molecular dynamics
(REMD) simulations showed that there are two characteristic structures of the catalytic
ionpair system 1. In one structure, the CH3 group of the counter-anion coordinates to the Zr
atom of the cation, while, in the other structure, the propylene monomer coordinates to the Zr
atom of the cation. These structures resemble the structures emerging in (pyridylamide)Hf(1V)
catalytic system that shows the associative ASO (AASO) mechanism. In conclusion, it is
indicated that the catalytic system 1 should also show AASO.

[FF#&] ansa-zirconocene filildt i 37 (A K HIJME %
FORV ALV T ¢ U EERT 2 EAMELTH
v, Bl 2 X C Xt MM EH D
[Si(CHa)2(indenyl)ZrCH3]*[CH3B(CsFs)s]™ it £
2@Q) (Fig. VidA V&7 F v IR ) A L7
A VEERT A ENALNTVS[L2], 1
NIEMAE T DBRIC T =4 2 k- TERN
TWD T A 2 OIEPE SR S 45 (I
SR (Active Site Opening; ASO))LENN B 5
N, ORI TH S, £ TKH
WIFETIL, D FEV)F(MD)IEE L7 U ) &5 #a
55 F-Eh ) ?(REM D)iE%& H W= iG H AT % Figure 1. ansa-zirconocene catalytic system 1
LT, 1 OMIER ASO % 2 2 L7-,




[BtEFE] £, FERBEEEROFT)HEICESWChHERE AT 7=, GAFF
(General AMBER Force Field)® 5 5, @O 1 DA F 4> DhFWNIE, @O F A+ —kt7
:ﬁwﬁkﬁ@@ﬁ%ﬁ%ﬁhEvyww74yﬁim%®ﬂ%%ﬁ%®m§%
AN IZ@GAFF | ZAF1E L 72\ 135 2 Bl B % L 7=, DFT #5121% Gaussian 09
%ﬁﬁu\ /ELES%(& LT M06 %, HJEREE LT Zr 11T LANL2DZ & fuEA
ENLADIF AT 6-31G(d,p)Z A L7z, WIZ, MD #HHE T, iz 11 \%(4
Foxt), 7L 63 nF. BLXOAEEEE~ 22 135 5 F b5 % %, NPT
T Tl LT, 300K, Lhar T1lns Vb7, 1.2us D727 KU
—5tHAEITo7-, F/-REMDFHE TiE, 300 K25 800 K FTO 3G DL Y %
HE L. 1ps:“&031/7")7‘35?@%1’:30000@??% 30KIZKITFTAHNTFY =7 Y —
ZIEMT L7-. MD 3% 3 L OVREMD #1#.121% AMBER 14 % 7=,

[#E 3 L &%) Fig. 2 |Z REMD &2 k- 150
THELN S EESME R~ LTz, 22 160
Tr(Zr-B)iXh F 4 > D Zr J{iA—xt 7 =4 140
> ® B R MO, 0(Zr-B-C)id Zr JR 120
F—B J§L 7—CHs3 H (6t 7 =)D C JELT-H
729 & 4 (Fig. 1 3R).Fig. 2 L v |
fEIE A4.0<r<50A, 0<6<60deg.).
Ik B(5.3<r<9.0 A, 0<6<100 deg.).
fEIE C(5.3<r<9.0 A, 100 <6< 180 deg.) 2
BIFET D ENbnDd, EI A ITxT 0
=FUDEML LIRS, fHIk B & C T
7B L BB LGS XS LT D,
FEI A TlX, *7 =42 D CHs F&03 0 F
Fr o ZUEFIR L CRAL LTV 5, fEIK B Tlk, ORI Sh T e Ly
DEMERICBNL L TV D, 7205, A ND B ~OEBIZASO NEZHZ L%
ERL WD, £ C Tk, 67 =4 BN F A Ikt LT E E &£ AR % B
NDEITHR-TWND, Fox DIATHFFE[3-5[ICEBV T, (pyridylamide)Hf(IV)fil iz ¢
%, IR ASOAASOYERE S 27> TRV, T BENKT =4 ® CHs #k & F
JTAC L BB DX T =4 > D F T ORI KBRS~ & BITHT =4 O
VT 4 VHER(ETF L U)OENLASEER LT ZERB BN TN DD,
AR OFREFIT 1 TH RO 5 1A IE O Z AL (A 7 %F > AASO HRE) 3R B L T
HAREME A RIE L TS, Y HIZMD HAEDOERICOVWTHEHRETHTETH D,
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Figure 2. Distributions of r and 9
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