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Functional characterization and design of molecular gyroscopes

by first-principles molecular dynamics simulations
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WFZER R OBEE (J£30) : We have synthesized novel molecular gyroscopes such as those with a
phenylene rotator (benzene ring) encased in three long siloxaalkane spokes. We reproduced their X—ray
structures and the internal rotational dynamics theoretically by using density-functional based
tight-binding methods combined with molecular dynamics.

AR AERA
(ERHAr - M)
ELPERE 2 keSS & &t
2010 4B 1, 500, 000 0 1, 500, 000
2011 4FBE 1, 400, 000 420, 000 1,820, 000
L
FHE
FHE
LGl 2,900, 000 420, 000 3, 320, 000

BFJE Y 8F - AL
B 5B« ME © B - ML
Fo—

1. WFFEBRLA S Y OTE 5

UTHE, By A — )V CHillE S T ik v
EEN A BT D [T Ok - ARk
HEHEZEDTWD, 7 THEBOIETHD 4
TVvAnAa=F (GFVxA1) ]Ik
ARG & 2 AU R S 7 Bl - % R ok
IS FCh D, TV %A 0 OFEREIAL (
[Fl#Ef-) OEENIG U T, BFRARFEICER
R 2 R TN AR S TW5b, E
Wkt U CBRIRFIZISE T B0 7V v A v 2 3%E

DY X A v, R ERE) 5, Bl SR

TEIUE, W&V b EEHIZEMET 5 W EH)
BRTRE 2R 2 EOER N WIS, S
JTNRARELTHHEREZED TS, L
LB, ZOkEE & HRe & OFERI 7 LR
LAdhiERe s nz E UL T,

2. WL EM

ABFZECIX, BiRmE» S mERED 7V v A
2Ok - GROFEERBORREZHIE L,
BEEPLBIEGEIN 2 T, FHE AR MR 72 A3



5 HAECD B Y oz B R LB S B s
415 (DFTB 15) ICHES < EHIRREFHE &4y
FEVIFHEEITV, 01V % A 7 ORk i
SRl 1L s SR 11| R A i s Wl = N S e
T 5,

KR T N—T1L, TTICER LTV TT
VI NN N X S Rl i S e =Y I
2Ty TIVFANDTERNIC B RHLE
WL Yy AR A a—TDOEKE
Hfed, £/, MR- 7 vHF e CERE
PEEE DR E WRFZEA L, (Rl 23 B
FE—A NERT DT NADERK
T5, DTV A BRmy T3 N AN
B H2EEITEORERAFEZ R L, 4+
EREESHC X 2 [nlds - OFEC A A 0O Al RE M A
Batd 2, #ESHIEO N TEHEOY A X
(K A7 2 B IRRERH R CHE) )RR & IRG
LR LNI L, KRB OFER & 5
— KL 7o MR 2 HEE T,

3. WFgED ik

DY % A B O i & RIS O E) &
P DX, Z OfEEEIECE O ORRE
% &) % [BlHR1- O IEF AR [FIHAFREEE 2 IE R
RS V., [Alls7— EE o85O R EREEH
HERAETHLEBEECIME L2 TiEe b
WV, BEIRIERIREICIE, BEULRIEREITIN A
T, FHEAMPBN 2N D B0 B %
ZHDFTBIEAEA Lz, 2 b D FEICHES
WT, T ORFIZHNDNEFHEL, F
IR ARIr— Doy BV SRR E AT o T,

4. WFFERk R

WEONER LI T T D TRE
HEFFOD TV YA nldfimP e
B (ldsv) OEEICx LT 3 DO it
RO LN X BEERNT 553705 TE
D, Fx D DFTB L2 EITEE SV E iRk EE
RTINS OXBEEE BT 5 2 LT
LTz, £, RUBUBORBEERICKT AR
TV XVIm AR L, T T T
Tx A un (1) [BEET0— )5 EEE & i
L9 DIERFRRART v v vihim & (QIEF
[ZARWER = 2L —[ERE (K 1 kecal/mol)
EHETHZLEEPEOMMI L, EBIT, FO
A& d DY VE 2 P8 ST B [BlL 1 O 22 E
MOEBEE 4 DFTB 1EICEE-SV - FEHRR
DOENAFEHENLRD -, SHIZ, HFET
EHREICE Y REMU EoEES T TRy
Y UBRN 3 OO EE DR & v a4 —
HF—TEBE#HLChizdsZ xR, L
L ORIE, AN BRI K o ClRlEs 7 A3 E P
Doy B ERMICER S TnD Z LT
BRI 5, £72, By v RBR1F R E%
WA LKA 2RO Ty A a%x
B L, ZOBESCH AT I 7 AL,

EEBHETIL, 2 DTV YA rnzamL,
TOMEERE L, 3OO T N TITHY
CBTHEREINDIDITEBRNICN B
BB LYy A aa~DEk & #E
JEPTOIRFERIENCEI L Cix, 2012 4ED PNAS
WCHAE Lz, 72, Z0baW oA RETERA
THDLT VT AN ERFERT, AN
DR B UBOMEENIE D BRI ESR
ZRXBREFTEBRTHOL NI LEZ, EBIC
X, ZO(EEMOR B U BEFTIH LT
EZHEREAK L, DITEHOT A X
Ji U TR o BRI ML= L ¥ — %
V422 L ZBEBROBIETENMR THS
M LTz,

PLE, 531V A uois L #iE% DFTB
Flip EOBEIREHEREHE-> CTTHITE S
ZEEAR LIS Y YA 1 & DL RRGE
NHR L, BN EL I3 L Caghs Clal
LI VAT <1 A s i S O =t 43 s W it )
DOELGHHELRE 2 Zu T,

5. ETrpsgIam L5
(WFFEAEE . WFFEHE R ONEEEITEE 12
ES )

UdERsrmsC) (Rt 10 )
@ W. Setaka, K. Yamaguchi, Thermal
modulation of birefringence observed in a
crystalline molecular gyro-top, PNAS (2012), in
press. i A
@M. Kanno, K. Nakamura, E. Kanai, K. Hoki,
H. Kono, and M. Tanaka, Theoretical \erification
of  Nonthermal Microwave Effects on
Intramolecular Reactions, J. Phys. Chem. A 116,
2177-2183 (2012). e
@ N. Niitsu, M. Kikuchi, H. Ikeda,
K. Yamazaki, M. Kanno, H. Kono, K. Mitsuke,
M. Toda, K. Nakai, Nanosecond Simulations of
the Dynamics of Cg, Excited by Intense Near-IR
Laser Pulses: Impulsive Raman excitation,
Rearrangement, and Fragmentation, J. Chem.
Phys. 136,164304-1—164304-12 (2012). #&#¢
=l
@il 2B, WEmEZ &b PEtE Sy 7
—< MOLPRO DFE-F bt IREEFHE ~D)SH
LA /ALK A N—H A = Xk
B — KBIBGEHR AT L)L SENAC, 4434,
33-39, 2011 4F. il
(®W. M. I. Hassan, W. C. Chung, N. Shimakura,
S. Koseki, H. Kono and Y. Fujimura, Ultrafast
radiationless transition pathways through conical
intersectionsin photo-excited 9H-adenine, Phys.
Chem. Chem. Phys. 12, 5317-5328 (2010). &5t
=l
©® K. Bambardekar, J. A. Dharmadhikari,
A. K. Dharmadhikari, T. Yamada, T. Kato,
H. Kono, Y. Fujimura, S. Sharma, and D. Mathur,




Shape anisotropy induces rotations in optically
trapped red blood cells, the Journal of
Biomedical Optics 15, 041504-1 — 041504-8
(2010). #aeF
@ M. Kanno, H. Kono, Y. Fujimura, and
S. H. Lin, Non-adiabatic Response Model of
Laser-induced Ultrafast m-Electron Rotations in
Chiral Aromatic Molecules, Phys. Rev. Lett. 104,
108302 —108304(2010). ##¢
.@m @,fﬂﬁﬁf&4%®%ﬁ%ﬂ%
5 THATIE ] AR A UL aEE, 6
%%, 930-938, 2010 4F. #FifT
@W. Setaka, S. Ohmizu, M. Kira, Molecular
Gyroscope Having a  Halogen-substituted
p-Phenylene Rotator and Silaalkane Chain
Stators, Chem. Lett. 39, 468-469(2010). 7
O#fiE ¥ [ Muetterties ]Il 5 BfL 7 A
e 74 FeFH=es, 27 &, 14-17,
2010 4. &FiA

(%R (G20 1)
OiEwmE bPRIGE#ED  —MRIZES
%%ﬁﬂ:%&i@é w{bs— 1 2011 EELEFREE
fbFRekH s —bFOI LR EEH
fELCT—, BHFRY (M), 2011 4E12 A
16 H.
QiifiE W IR_RUEUBRAREET LT 54

V¥ A v ax ORI L Sy 7ER) O R ﬂﬁj
JST & & NIRRT 7 A, HE, 2011
12 H 16 H.
Q@EBML A N7 2= U 2G5 1
Tx A navOEE KOG BARETRE 50
] o (] DU E SRR P R 2, mids, 2011 4R 11
H12 H
@ W. Setaka, Synthesis and Properties of
Phenylene-bridged Macrocages as Molecular
Gyro-tops, International ~ Symposium  on
Functional n-Electron Systems (FPi-10), Beijing
(China), 14 Oct. (2011).
(B®A.B. Marahatta, Theoretical investigation of
the structures and dynamics of synthesized
molecular gyroscopes, % 5 [E15> 1B 5w,
FLIE, 2011429 H 23 A.
®WE W 1Yy Afnavt Ll TO7x
=14 ﬁ//77wﬁ/#;%A%®A
pids KOG DT YA ZEhR 5 22 B
AR LT RRRS, <X, 2011429 A 21
H.

(DH. Kono, N. Niitsu, K. Yamazaki, K. Nakai, M.

Toda, and S. Irle, Control of Vibrational
Dynamics and Reaction of Cg and Its
Derivatives by Near-infrared Fields, The XVIth
International Workshop on Quantum Systems in
Chemistry and Physics (QSCP-XVI), Kanazawa,
Japan, 13 September (2011).

(®A.B. Marahatta, Theoretical investigation of
the structures and dynamics of synthesized

molecular gyroscopes, 4th Global COE Summer
School, Sendai, 18 Aug. (2011).

@(*EI—J R T L R G cVs /N [EI | T )
DFT A B avOEH, MG L FEREE)
Lo ] ARG YRY 7 b~ —7
F— 7 b @5 TS UM SR A B A B AF

Je4y, @i, 201148 A 11 H.
W. Setaka, Phenylene-bridged Silaalkane
Macrocages as Novel Molecular Gyro-Tops, 14th
International Symposium on Novel Aromatic
Compounds (ISNA-14), Eugene (USA), 25 Jul.
(2011).
Ol W 7Yy fmaviLlTo7 =
= U RGN ZRUE A O EIANMR | BA
SIFHE P A HEI R T TR ARG S5 28 [
BRI AT T L, KR, 201145 1 12 H.
(2H. Kono, First-principles simulation of laser
control of nanocarbons, JSPS Asian CORE
Workshop on Next Generation Ultra-Short Pulse
Lasers for High Field and Ultrashort Science,
RIKEN, Japan, 4 March (2011).
C%En W 1532 X 2 ORI & B ) il
(2 X D HSRESREL) ST S & 20T 3 HFFEfEik
é\ﬁﬁ %&DK: /Rj(%fyfﬁqna/u uﬁjﬂ_‘;
201141 H7H.
@H. Kono and T. Kato, Nonadiabatic response
of time-dependent natural orbitals, International
Chemical Congress of Pacific Basin Societies,
Honolulu, Hawaii, USA, 17 December (2010).
@H. Kono, N. Niitsu, M. Kikuchi, K. Nakai,
M. Toda, Control of vibration and fragmentation
of Cg by intense near-infrared pulses:
First-principles molecular dynamics simulation,
International Chemical Congress of Pacific Basin
Societies, Honolulu, Hawaii, USA, 15 December
(2010).
@®W. Setaka, K. Yamaguchi, Synthesis, structure
and functions of a phenylene-bridged
disilaalkene macrocage as a framed molecular
top, International Chemical Congress of Pacific
Basin Societies, Honolulu, Hawaii, USA, 15
December (2010).
@ H. Kono, Control of Molecules in Near-
Infrared Intense Laser Fields: Rearrangement and
Fragmentation Dynamics of Cgo International
Symposium on Ultrafast Intense Laser Science 9,
Maui, Hawaii, USA, 10 December (2010).
O EpEz [E %%ﬁ%k“?@%%@A*
AT BRI OB B — ) CMSI BFFELs - T8
BFE - BTE O ERER R, E%ﬂ%ﬁ%
et =77 Lo AU 22—, 2010 &
11 H12H
@9 A.B. Marahatta, K. Hoki, W. Setaka and
H. Kono, Ab Initio Dynamics Simulation of the
Molecular Gyroscope, % 4 [B]5y B2t ime
2010 Kk, REgRZEHF v 23 A, 2010
#9H 16 H



@W. Setaka, S. Ohmizu, K. Yamaguchi, and M.
Kira, A Phenylene- Bridged Silaalkane
Macrocage as a Framed Molecular Top,
International Conference of Synthetic Metals
2010, Kyoto International Conference Center, 8
July (2010).

(XMF) G4
@O N. Niitsu, M. Kikuchi, H. Ilkeda,
K. Yamazaki, M. Kanno, H. Kono, K. Mitsuke,
M. Toda, K. Nakai, and S. Irle, “Simulation of
nuclear dynamics of Cg: From vibrational
excitation by near-IR femtosecond laser pulses to
subsequent nanosecond rearrangement and
fragmentation” in  “Progress in Theoretical
Chemistry and Physics (the Proceedings of
QSCP-XVI)”, Springer, (2012), in press.
QIR Z [Ceo DR L —F —Jihifd & A
TR b——LfbF ALFOEE Y
— X4 (AR, 96-97, 2012 4.
(@M. Kanno, H. Kono and Y. Fujimura, “Control
of m-Electron Rotations in Chiral Aromatic
Molecules Using Intense Laser Pulses” in
“Progress in Ultrafast Intense Laser Science VII”,
Springer, 53—78(2011).
@ H. Kono, “How do molecules behave in
intense laser fields? Theoretical aspects” in
“Lectures on Ultrafast Intense Laser Science 17,
Springer, 111 —134(2010).

(PESEN PEHE)
ORI (B0 )

Py i
I
MEFIFE -
FHAA

Ea
HFEEH B -
EINS DR -

OBAFIRIL (B0 )

Py i
FAE
HERFE
Fi¥E -
iR
BASFA A
ENS DR

(& DAil]

R— B — %

@ http://ww.mcl.chem.tohoku.ac.jp/

@ http://www.mcl.chem.tohoku.ac.jp/index-j.ht
ml

6. WFFCRERK

(D WFgEREE

WE # 2 (KONO HIROHIKO)
ALK « REFBEBL AR IERL - B
TFZe T - 710178226

(2) ey
WiE ¥ (SETAKA WATARU)
B SCRRR S « FRAES - edR
W& &R 60321775

(3) HAEMT FEH


http://www.mcl.chem.tohoku.ac.jp/

