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Analysis on excited-state considering the dissolution state of a fluorescent probe in a lipid
membrane bilayer (Graduate School of Engineering Science, Osaka University) ORyo Okabe,
Yuya Matsubara, Kento Kasahara, Nobuyuki Matubayasi

Properties of lipid membranes such as polarity and fluidity are closely related to
pharmacokinetics and cellular functions. These properties are often quantitatively determined
by various spectroscopic measurements of fluorescent probes supported in the membranes.
Thus, elucidating the dissolution state of fluorescent molecules in the atomistic scale would
lead to our deeper understanding of the physicochemical properties of membranes. Here, we
investigate the dissolution state of Prodan, a widely used probe to analyze the membrane-
interface property, in a lipid membrane from the viewpoint of the free energy profile through
molecular dynamics (MD) simulations. Using the MD configuration, the excitation energy of
Prodan within the membrane is evaluated with time-dependent density functional theory (TD-
DFT). We qualify the relationship between excitation energy and dissolution state. It is found
that the excitation energy varies depending on Prodan’s position and orientation within the
membrane through the Prodan-solvent electrostatic interaction.

Keywords : MD simulation, Free energy, lipid membrane; Quantum chemistry; Excited state

NEE —EE (TEER) OtE-CirEhtE e aE R ERR IR b > T
0, MO BRI I AR RE TR G A A Th 5. PRI,
Prodan|ZfAZ S D 8O0 F 2 IRERICHEF S &7 ETHiAx O CRIELZITO 2 &
RO S D, BIAE, IREBESRICKT 22 ) —) 7 EOLESERINE, %
Fl oy F OB R HE 7 E YR ERIE OB DR STV DAY, NS S 154
PEDOZACITHIE AN MIVIRITIC L > TITO TV S[3,4]. —H5 T, 4L FOflE
BIEN TOEMRRIE (A&, Bm) OFEMITI & Cldenicw, @tHlE T
N2 AT MV DJRT L)L TOMPRIZIZNEEDE S [1] . & 2 TARMIE T, %)
RREES 7Y T FRT VTV IEMT TV T Uk

(Replica exchange umbrella sampling, REUS) [2] % DOPCHE'E 5% L 7~ Prodan|Z
KU THEHL, ZOBRMRIELZ AR XL —DBANDEREICRE L. Z0
%, FONTEEICK LT, & bFEHREIC K Y Prodand EhE R EE D IA IR BEK 7
PEZfEMT LTz, ZORER, BBLE COWBONRIT K 2 HLEIREE TOFEMAIEN
DIFEWPIEERETOT 3L F—HEAL L BEICBR L, B3 ¥—ICfr Kk
FFT NG hote. IBIT, =X —VEIRMLIRERCRIZOWT b AR OfE
Wra11o9 2 & T, =& 7 —/VIRINC X % Prodan-EE N O Ees A AAEH O 2773 hiEd
TN X =D AEAC RN E 5T 5 Z &3 yinoT-.

[1] W. Nitschke et al., J. Phys. Chem. B, 116, 2173 (2012).[2] Y. Sugita et al., J. Chem. Phys., 113, 6042
(2000). [3]J. Zeng et al., Biophys. J., 68, 567 (1995). [4] F. Moyano et al., J. Phys. Chem. B, 110, 11838
(2006).
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Nonadiabatic molecular dynamics method for elucidating the photoreaction mechanisms of
complex systems: Incorporation of the DFTB/SSR method
(Faculty of Science, Tohoku Univ., 2Graduate School of Science, Tohoku Univ.)

OHirotaka Kato, ' Manabu Kanno, > Fuminori Misaizu, > Hirohiko Kono?

Nonadiabatic molecular dynamics (MD) methods are useful computational approaches for
elucidating photoreaction mechanisms. However, the application of conventional methods to
complex systems is hindered by their high computational costs. To overcome this problem, we
developed a surface hopping method with a highly efficient and robust algorithm for evaluating
nonadiabatic transition probabilities.!? In the present study, this method was combined with
the DFTB/SSR method,” which enables fast calculations of electronic excited states and
appropriately describes potential crossings. We thus realized a nonadiabatic MD method
applicable to nano-sized complex systems. The feasibility of the combined method was
demonstrated through its application to the cis-trans photoisomerization of azobenzene. The
results of the application to light-driven artificial molecular motors*> will also be presented.
Keywords: Nonadiabatic molecular dynamics, Surface hopping method, Photoisomerization,
Complex systems, DFTB/SSR

FEWTEY -8 7127 (MD) RSO ORI A 7R st A TETH D, LvL,
FEa A NOBE S BHERICIEWBMD k2 EAT 5 Z IR CTH -, D
MM Z iR T D720, Box 1XFHERRNE < BUERIIZ 22 E 72 surface hopping 15 % B4
L= 2, KIFETIZZOFEL, RT3 ¥ /LOAZEZBYNI R Lo EE 22 i)
EDRREFH R S AIEEZR DFTB/SSR 1LV M AG LD Z & T, 7/ A XOEMER I
L7 3EMEAMD 54 BB L=, £, ATEDOER : 1
WA A0, T/ XD cis-trans YR
PEAV R EZ# A L7, DFTB/SSR 1% FHV 7= FEKT 2L 08 oriseeR -
MD FHENSE LN B TRIERE (S) OF
MPEFULROfEIL, SA2-CASSCE(6,6)/6-31G L
ILOFER LRI VEETH -7 (Fig. 1), 4 H I,
Feringa *°Ji H &2 L VG- Ak, /v
> DORERFTH B E N T3 1F—F —+INTAK CACASSCE
TiEEBEA LR LRET D, 02 iy

Population

1) K. Hanasaki et al., J. Chem. Phys. 149, 244117 (2018). %o 20 40 s &0 100

2) M. Kanno et al., J. Chem. Phys. 154, 164108 (2021). Time /fs
3) M. Filatov et al., J. Chem. Phys. 147, 034113 (2017).
4) T. Fujita et al., Eur. J. Org. Chem. 4533 (2005).

5) S. Kuwahara et al., Eur. J. Org. Chem. 4544 (2005).
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the excited-state population of
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Verification of Efficient Coefficient Optimization Methods for the Automatic Derivation of
Chemical Laws ('School of Advanced Science and Engineering, Waseda University, *Waseda
Research Institute for Science and Engineering) OYuyuha Tamae', Masahiko Nakano %, Yuya
Nakajima?, Junji Seino'*
Recent advances in artificial intelligence have heightened expectations for discovering novel
laws and principles through data-driven automatic derivation of mathematical formulas. While
symbolic regression enables the derivation of interpretable equations, it faces challenges in
computational efficiency due to its simultaneous search of equation structures and coefficient
optimization. This study aims to enhance the efficiency of symbolic regression by evaluating
42 optimization algorithms during the coefficient optimization phase.
Keywords : cheminformatics, symbolic regression; optimization algorithm,; chemical principle
and chemical law
[#55] TEONTHEE (AD BIFOTURRERICE Y | 7 — 2 BRER 0% B #)
FHTEZTEH LT LRI O R RIS T 2 3 m £ > T, a2
T, EOFEO—DTHL YR Y v 7 R AL EEROBICEM L, € OPEkE
%*ﬁ‘i%ﬁ Lf%f: Dy YURY w7 BRI, T X ORISR RE R B E S Z b
(3%, Lo, NOTRIRER EAREEEAL O T5 % RIRFIAT O BB B 572
b\%%%WﬁﬂkTﬁﬁﬁﬁﬁ%<\%ﬁ%ﬁ@ﬁﬁﬁﬁﬁ%%%“®ﬁﬁﬁ8®
BRI N TWD, AWFZETIE, R Y v 7 RRORKER KOOSR EZ M EEE5
ez AME LT BEKORERE L DB IZ B Thk 2 2k b 7 /L = U R L &
ML, RXoFv—2rky PEHWTEZOMRERGE LT,
[71E] RERZETFERNTR LT, ALFRNC S RGN TR ERDOMEZ T o 5 A
CROE L, BGRER T — 2 & > h & Ui Uiz, BEAFOREbT /L =Y XL 42 fif 2
W, OARLEAWEFIE, QA Xt a—I AT 4 7 AFE, @A ARELFIE, @
%@M@40_ YU, FFETH LN AT A—F 2T, BiEE O VY
PRI (RMSE) 25 L1z, 7 AEaBET 572012 10 FIOFHE 2170,
W % RREE LTz, 55 Helium
(BRI AR CIE, BE0TICBITL 7 7 v ® e | B
TNT — L ZAOREFTERELR (p= o { | - -
RT/(V=b)—a/V’) DT A —2% a,b,R D~ |

fbatg s+ 25, M 112, %F5ETRMSE
23 1.0 Al & 72 D239, ZORfE
X, 3 DDO/RF A— &%ﬁﬁﬁlﬁfﬁ@‘%ﬁf: "
ORLERD T EIIHERESTH 2o 2
D A RIMHIPRIRAE & JR TR SR RE 3 °
L ONRT UARENETF @@mwA%
ABC, ®® GPBO+BFGS, @® PS)I%, \» B
TNH 100% %553 2 & 7j§ﬁﬁmh = iz, Fig 1. Performance comparison of optimization methods:
1) T. Isoda, S. Takahashi, M. Nakano, Y. proportion of runs achieving RMSE < 1.0 in fitting van der
Nakajima, J. Seino, J. Comput. Chem. Jpn. Waals equation parameters for No.
2023, 22, 37.
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Automatic generation of reaction networks for coordination self-assembly systems (' Graduate
School of Arts and Sciences, The University of Tokyo) OXeisuke Takeuchi' and Shuichi
Hiraoka'

We previously developed a method to estimate the main pathways and rate-determining steps
in self-assembly based on quantitative data from 'H NMR. This involves creating a reaction
network, which previously required significant manual effort. In this study, we created a
program that can automatically generate reaction networks. With this program, a network
composed of around 500 intermediates and 5,000 elementary reactions was obtained in
approximately 1.5 hours on a laptop. We will also present an automated program for
determining rate constant datasets and identifying key assembly pathways.

Keywords : Reaction network, Coordination self-assembly,; Graph theory

4 DT THA%E S 4172 NASAP (Numerical Analysis of Self-Assembly Process) &
WO FEEZHAWD & B OEAERE TAE LS 280 (AR 72 RN B CES
FROE JFEHER « JFOBHELAL 7 - BLBEBLAL 7, 36 KOO HRIE) @ 95, 'THNMR
Z W CELIATBE 2 L P RO IR IR O E BT — X 1% U, & RS OB EH % 2
B LT 4y T 40 7%1T5 2T, BEEGOERBOMERBEZHETE 5,

ARFETIE, Oy MU —7 O (BRI, B, R, TRk E 2
OEBRISERLDOFNE) PUEEN, ZNETCHEETERL TWW7), <0
REf] & 97 &2 E L T\ e, R TIRZ ORJEZ R~ /SRy N U —27 OfE
AEBEMET 570 7T LAEER LT, 207 a7 T N D Z & T 6213 500
OHAR &K 5000 DFEKEEFiery 8T —27 %,/ — F PC ZHWTK 1.5 KT
ERC& 7o, BRTIL AER LSRRy NV —2 &b Lo, HEEROT—4 &y
FOWRE, FEREI LOEEEMEZ BE LT 57 2 7T MZOWTHEITT 5,
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S —— ® ®L G @-—03 @
0 1 2 3 X
® ©)
@ ©
) ) ) & o
) ® ® ® ® @
4 5 6 7 8 @ @
® ® ® ® ® @
o 4 e @ o o o o 29 reactions
® ® ® ® ®
9 10 11 12 13
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1) Y. Matsumura, S. Hiraoka, and H. Sato, Phys. Chem. Chem. Phys. 2017, 19, 20338-20342.
2) S. Takahashi, Y. Sasaki, S. Hiraoka, and H. Sato, Phys. Chem. Chem. Phys., 2019, 21, 6341-6347.
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Electronic structure of palladium oxide using ab initio DFT+U+V method (' Fukui Institute for
Fundamental Chemistry, Kyoto University, *Graduate School of Engineering, Kyoto
University) (OAkihisa Ishikawa,'* Wataru Ota,"* Tohru Sato,'

Palladium oxide, PdO, is a ceramic semiconductor with a tetragonal structure, which is
known to have a band gap of 0.8-2.2 eV. PdO is an automotive catalyst to remove harmful
substances (NOx, CO, CH) from exhaust gas. Therefore, understanding the basic electronic
structure of PdO is important. However, it is known that the density functional theory (DFT)
calculation misusing the PBE functional gives a zero-band gap. The calculation using the
hybrid functional (HSE06) can provide a band gap that reproduces the experimental values.
However, this calculation cannot be applied to systems with many electrons, such as
automotive catalysts, because of the high computational cost. In this study, we calculated the
band structure and density of states of PdO using the PBE+U and PBE+U+) methods with low
computational cost. These methods correct electron correlation that cannot be considered in the
PBE functional by introducing the on-site electron-electron interaction term U and the inter-
site electron-electron interaction term V. The electron-electron interaction within the Pd 4d
orbital was considered as U, and the interaction between the Pd 4d and O 2p orbitals was
considered as V. The U and V values were determined by using the linear response theory. The
computed band structure and density of states well reproduced the experimental band gap.

Keywords : DFT+U+V, Electronic structure, Linear response theory

it/ N7 2w A PO IXIE R OEEZFFOE T I v 7 A 8K TH D, 0.8~2.2
eV DN RX v v TEHFFOZENMLNTWD Y, PO IZHBNHEDOPET AN HE
WIE(NOy, CO, CHYZ[RET A7 O BB HEHET A bl & L CEH SN TEH D,
ZDIEAN B A EE LTSS 2 L3O CEETH D, LirL., PBE RS EH
W2l OB LB EUEDOFT)FE TNy RX vy v TRAE U202 ERME SN T
W5 D, fRPuE & U CIRILEBIEL(HSE06) 2 WV -3t R 2179 2 & T, EBrE %
THEIRNRNY R¥Y o 7RG on5 Y, —JF, HSE06 & W -Gt =2 2 b
FEFICKRE <, BEVHAMED L 5 ITHRE FENZWVRICHER T2 2 L IFBEN TR
WV, ZORMBEOMIER E LT DFT+U+HV IERZET b D, Ziudd 31 MERH
AEHR U & A v % —W A NEFBMEAEERBE VY 28 A+52 & C, KFHE= X b
206, PBELEA CIZE B CERWEFHMAMIET S HETHD Y,
AWFZETIL, PBE+UEE 721X PBE+UHV IEZ M L, PAO D3 RS LIRIEEE
EHE LI, TV LD A HPEDOEFRMAIERZ U, X707 A0 4d 8E & 1§k
FO 2 WEOEFEHAIERZ VO L LTEBL, UL VOEE2BRIZIG S
DX FEFENRE LTz, EOREER, EREON FX v v 72HETLHL 5 7%
Ny iR L OMRREEEE NS O,

1) T. Pillo et al., J. Phys.: Condens. Matter 1997, 9, 3987.

2) M. Kim, et al., Phys. Chem. C 2018, /22, 26007.

3)J. A. Kurzman et al., J. Phys. Condens. Matter 2011, 23, 465501.

4) V. L. Campo Jr and M. Cococcioni, J. Phys.: Condens. Matter 2010, 22, 0556021.
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