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AF3CIZ [ Synthesis and Redox Properties of the Macrocyclic Quinone Compound Pillar[6]quinone (KERIK ¥ / v L&
e 7 —[6]F /) v AR EBRTTR)] SL, HETEIN, R6ELOHBEKINTVS.

%5 13 [General Introduction] Ti%, EMAHKEIC X 2 E B L~ FEERIZEE, KBRIRILAEY Pillar[n]arene
¥ X O Pillar[n]quinone DAL, HH* 7 VLAVMOHEE - REM~DICAB 2 EKRWITBNLZS 2T, 2—F
v MEEYITH B ANAHIERRRF 7 vba&Pe 7 —[6]1% /7 v (P[Qle) KHIFFEINZFMERRL, AiffFtoER L
Hiic o Cimb L 7.

%5 2 % [Facile Synthesis and Crystal Structures of Pillar[6]quinone | Tld, TEMEMELE - (L¥BLEZ W E L OFiE
ERHOT AERES T 14 FrFo v T —[6]7 L — Y (PHQl) %ML d % Z LiC X Y P[Qls DA Z ML 72,
FATWIFEIC BT, PHQL &AL T 2 BRICAE L 2 RICHRIATH 2 F v & Fu VEERDLREIEL E 72D, P[Qs
DEREFEHI N T AL o7z, 22T, KISROBILIEIOF v e Fe vEiROBEMREICER L, S8
ZiTo 7. BRERRLIE TR, RICEMLZECBOELRILO 2R EI423 2 Lic k), PQls ICHIRT 2/ AEKD
Fima T I 42 2 LI L7, HHE X BEERT O K58, PIQls Al i 1347 TR CH-O tHAERICHR T 2
NAESTFBEICEHI Lz = h LEEEZTER L Tw b S EBHL 2 o7z, & 61T, LB LETE, Fv
v Fo VRN EAR NI IAT R A Y Fu ) — A B GBS E LTHWB Z it XY, P[Qls D KEAKIC
XYL 72

% 3 % [Morphologically Controlled Electrochemical Assembly of Pillar[6]quinone Crystals through the Interaction with
Electrolytes | T, BRMEILIEICHERAT 2 XFERE O FA v lE AT T L2 LIc kY, BB LEICHE L1025 P[Qs
oW IkEE 2l A7, KISEHOMEhc XY, TArxArTrveo v AR BHE L LCERAL 2B, %
DT NVFAHRICEL T, FoNdfERMOBRSLE T 22 AL 72, TAra)&BEELAVESE
X, 2ohFAvEEIC X BRI CH o7z, COBHRKDOA N =X L%fRIHT 57-%, 3, DFT il&
12X Y PQls DO FRIMEMEMI AL F—2EHT 32 812XV, P[Qls DR EESM%ZHEE L 72, X 51T, NMR
HIEIC X 2RITOFER, Tve=v L nF 4 /HiX PHQls &, TANV&EHNFA I P[Qls & ZNZE A
RT3 03b2 Y, FEED A F4 Vi P[Qle DK ET M EHIRL, Zhic X o TRERBIRPBZEN LT
LRI NS,

% 4 % [Study on Reduction and Lithiation Behavior of Pillar[6]quinone by Voltammetric Measurement and Theoretical
Calculation] Tl, HBDOF*/ v2=y F &V PQlsDL F v 7 ARMICEH L, EBLEEds X ') FAHL%H
ICoWT, FERL 2 YA ) —HE E HERERIC L VB L2, Az y 2 b ) —HlERIR XY, P[Qs IZBHE
T2F /) vazy MNEACTOBMERFELET S XS b= — 2 A ERIERTTEH 2R L, DFT HERE & #na—2
L7, %7z, P[Qls DY FAHLRIGICE VT, YD 6 EFRILTIE, HAIND LivdEsT 2/ va=yv }
D AR =V T O-Li-O DRMEE 2P L, Hi< 6 BTEILTIE, BRRMEEOIMINICEAAE & 2T 5
EBHL IR o7z 2, PQls A TRICET B Y FAERHOHELAALL 2S5, HTHTD O-Li-O ©
REHE B S . Thbb, FERIRED PIQls® V) F A LTit, 4 TNZT T THTO Litfhias v
HIhz,

% 5% [Development of Pillar[6]quinone-based Cathode Active Materials for Lithium-ion Batteries] Ti%, P[Qls % H
BoREBEBMOEMEME L LT, WEREREEZH oA ver®) 59 44 4 vElE X CERERERE %
w72 ) 579 2B E2ER L 72, e V2 A —F v 2IEME Lo v BElciz, S8C%
INECEDBLDRELLERMEBELEBEZRT I ebhr ot I bic, HEFRKEMREZHV2ERY 77 L8
T, 0.1 CT322mAh/g & W EWIHIIERRZR L7z, Sho OFfERIT PQls D IEMIEWHE & L <oFHM,
BLUOAER - REMORGCH =0 MAZ 522D TH 5.

%5 6 ¥ [General Conclusion| Tl, AELFHLEZBRILL 7.

5% FRSCEEE L, FAsC 2000 52 & JE3C 300 384 1 #3282 HT 25, & L<ITTEL 800 354 1 HifRH L <728y,

Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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This thesis focuses on the novel hexagonal symmetrical molecule, pillar[6]quinone (P[Q]s), which is a candidate for
organic active materials for lithium ion batteries due to its good redox properties and densely packed crystal structure. The
author attempted to establish synthetic methods for P[Q]s using chemical and electrochemical oxidation, and investigated its
redox properties.

In Chapter 2, the author successfully achieved the first synthesis and characterization of P[Q]s by increasing the oxidation
power in the electrochemical oxidation of its precursor, pillar[6]hydroquinone (P[HQ]s). The chemical oxidation method was
also developed by using a good solvent for the quinhydrone complex generated as a reaction intermediate. Structural analysis
of P[Q]s crystals obtained on the electrodes by the electrochemical oxidation method revealed a dense hexagonal packing
honeycomb structure derived from intermolecular CH-O interactions.

In Chapter 3, the author achieved morphology control of P[QJe-based crystals by changing the cationic species of
electrolytes in the electrochemical oxidation method. When alkylammonium cation species were used as electrolytes, the
morphology of the obtained crystals changed depending on the type of alkyl chains. DFT calculations revealed that the P[Q]s
crystal has strong intermolecular interactions in the z-axis direction, suggesting that the morphology changed as the cation
species suppressed the crystal growth in the z-axis direction.

In Chapter 4, the reduction and lithiation behavior of P[Q]s was investigated by various voltammetric measurements and
DFT calculations. P[Q]s exhibited a unique multi-step reduction behavior that avoids electrostatic repulsion between adjacent
quinone units. In the lithiation reaction of P[QJs, Li" inserted in the first six-electron reduction bridged the carbonyl groups of
the adjacent quinone units, while coordination bonds were formed outside the macrocycles in the subsequent six-electron
reduction. In addition, the calculation of the lithiation behavior in the P[Q]s bimolecular system revealed an intermolecular
O-Li-O bridge structure.

In Chapter 5, lithium-ion batteries were prepared using P[Q]e as the cathode active material. A coin cell-type battery with
liquid electrolyte and an all-solid-state battery with inorganic solid electrolyte were fabricated. In both batteries, stable

charge-discharge behavior was observed, indicating that P[QJe can act as a cathode active material.

%5 FSCEEIL, A3 2000 & HEC300 GEA LERT ORI D0, b L<IZIL 800 #Fa LR L T<E3 0,
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