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Metal organic frameworks (MOFs) have attracted much attention due to their
application to energy storage. So far we have suggested a facile synthetic strategy to incorporate
the redox active sites on both metal and ligand. In this work, we synthesized a novel MOF (Mn-MOF)
consisting of Mn ions and AQDC ligands, and examined its battery performance. The Mn-MOF battery
exhibited a gravimetric capacity of 200 mAh/g, which agreed well with the theoretical value of 190
mAh/g, assuming two electrons were accepted per anthraquinone and one electron for each manganese
cation, and exhibited an excellent cyclability in the cycle performance test. Operando Mn K-edge
XANES analysis on the Mn-MOF battery demonstrated that the electrochemical process of Mn-MOF was
explained by both redox reactions of Mn ions and anthraquinone.

We also studied the battery performance of POMOF, which is composed of MOF and polyoxometalate
POM), and the preparation of carbon materials by using MOFs as a template.

XAFS



B X C—19. F—19—1, Z—19.

1. WSO 5

AW RO ERBEA KE &R
(Metal-Organic Framework: MOF) |42 & A 4
v EBRBARSECAL - o B CARER R 7R 85T
A &0 A S 0D EHITED E S
(& THY . NEICHAIM =22 /35
T EMG T AUTEAMEL - WAE B EE -
YRRk E e U CIERICIER 240, =
Z 204G I 7o R IE AN 72 S U TC & 72, MOF
I, MDOZHMEMEITHDLEA T A FOR Y
R—=F ALY 7R I _NTERETHY . F
TR R T TR TH DL Z &b,
BRA AR BN 22D & T, AL
B ray hr— L TX B LW ok
WEHT 5,

—FH T, BrIXZNE T, ZE&EHIK
Dt (7 TAX—) BIEMIEME LT 5
LW REMERE L, Zhnn17 7 A
2 — DA E TS MSELETIZE D | 1
KDV FULALA AU EMIY KE AR
RTZEEHLMNI L, £, EWETH
L0107 T AR —Ekx T T/ RFESWNT
RT T T2 YEEALSEDL LI
EI L, KV EmWREEEAT LT/ IREE
WD Z Lol EERFEZ RIEICH S

BB LIRS Lz, 2ok H iz R,

ez 1Z BTk~ MOF IR L., H+F7
FAE—H L Ky 7 ZAIEM R F BN T T
ZUfE L7 MOF Z{ERICc&E L, 7 7 A X —
B I OHEENL -l 5 OFRLE T X DK
RE: L MOF OZEfLICHFR U= EBIREA 4
D X0 NRAIRIEEUC & D MERE R B EM
BRI ATRE Tl eV E B L (K1),
I BT, T/ RFEEOEASEELG LD K
AR D@ T /2 RSB EEO AL & S O 2

AR L, TOEILCEWERBER END,

BB B KRB W 72 E~DIGH O#A T
TAEEFHICHERZED TWVWDHERA Y KR—TF A
71— (MPC) DFr LW EhE 7 fELE &
L C. MOF % 88z miEE7: MPC ZBR%s L
(K1), FNEZFETRILF—F /4 2~
AT EEEHE LT,
& 43 A} R AL ETTE AR
riip ARELT
EEAF or
NS DTARE—
4 [ oBLES
!
HRHRIZED
3 A BEE
REGEE ROV 2L
T EBREAA OhFENTILE
X1, A58

2. WHEOHM

AW TIT, Hrxr D NFE TOLEL IR
K& EMIEYE &9 5 IREMFIE THDS
AT Fn R A FIT, 2D MOF O % /L¥X —4f
Be L CoORBEMEZRET 5, BARRITIL,
fefbiE eiE P e AR &2 4 5 MOF %

CK—19 (Jtm)

BRI L . BARERL T & BB A A W T DL,
BRI SW=EAE & MOF O ERNZE
M2 B k9 2 M RE 72 FB b E MR L % BH R
T 5, £7-. BETIEMEREA 7721 TIER
<. REBOFRIREN ATRER S48 RS T
HHRY FXY AL L— FPOM)Z MOF &
MAEDLEDLZLETYH, KERELEERYA
I NVEEE BIET, 512, MOF £DH DT
1372 < \MOF % §##8 L 9% i@k ee 22 S FLME T
JIRFBMELOAIRL L K FET XL X —F N
ASDISIC S B #22 MOF % ik L 4%
LN XX =R OB Z5 Z &
ZHBET D,

3. WHED L

F9. BLETEER AR AR TS
MOF O FRIZONWTIE. T R TF /90
AR Mn i RORSED 2 EI2ED,
Hr H MOF T & %
[Mn7(2,7-AQDC)6(2,6-AQDC)(DMA )](Mn-M
OF, DMA: N, N-dimethylacetamide) % %57, &
BT HRERICOWT X S EIRT 217
LEBIZ, TN EMEME LT 5 LiEhx
ERLL | EEIIEIC LY ZOFRBENE Z1T
oTce Elo. BEIEHERIC T, FRIKETO
Mn K-edge XAFS 35 KX UK X AR EHTHIE %
TV RS 21T o 72,

KIZ, POM & MOF ##lAG b7 Rizo
W T [SiMoOs]* % & T
[Cus(z-pytZ)G(H20)4][SiM01204o] *3H,0 ( 2 )
& [Cus(2-pytz)abipy][H2SiMo12040] - bipy D EHL
(Y LA TZ, BT (Cu-SiMor) 122V T,
H4SiMo01,040 CuCl, 2-pytz
(=5-(2-pyridyl)-1H-tetrazole) 7> & 7 5 /KIIR &
160°CT4 HFE, MEAT L2 LICEVEmkL
7=, %% (Cu-bipy-SiMoin) DA . 4,4 -bipy
ZMZ CRERDFINETERZIT> T2, 6N
7-WE % XRD TRIE L, £ b OEHF
EARDT2, TEWEZ 30wt%, —HR o7
7 v 7 (CB) 50wt%, "YU 7 vk =V 75>

(PVDF) 20wt%7> & 72 5 [EM & FIVWCT U F o
LEMAER L, ERENELZIT> 72, £,
POM O Z OBl F P & L9 % 720 |
HiSiMo12040 % IEARIEW'E & L= B A fER
L. FHBEFMHEZIE LTz, 7ok, EEHH
1% 1.5-3.5V, il 100 mA/g & L7z,

2 N Cu-SiMO]2 0)1‘%%

B2 MOF % #5751 & 9 % Eisae 72 % 1Lk
b RFEMELE LT, T LT X OVERENL T &
SR A 4 2 D6 72 % & B A ISR (MOF) T



5 [Zns0(02CCeH4CO,)3]n (Zn-MOF) % i
WTC, INE SR TR R, 452 b
W2k, ZHMERFEEEZ, /2B, Zn-MOF
DOVERSN R EZ H 2 L T, ROk E =
Y ha—LHEETHY, TRNED L D IThE
DX ABYTE AN A INIS-Z R ViR e RN

4. WRIEEE

X 31%. 2,7-H,AQDC B LT 2,6-H,AQDC
BONTF & Mn A A2 55 % 5 B8 Mn-MOF @
BETHD, LD, Mn7 7 T A X —)
TURNIX UV HARSBBRIT LGS
Nl =WoeiExH L, 1 IRITLT ¥ RADBTE
MENTWDZ ERGhD, Tk IEMmIEY
BT REMAER L, ZOEMFEEE
HWELE-EZA, 4D k5ic, 11270
H O FEEIRFE T 70 Ah/kg, < D% O FEIRER
T, 2 BT T b—% R L2RMR5 200
Ahkg DFRMER B L LZEIRT Z EBH 5
NElpoT,

E (vs. Li*/Li, V)

0 50 100 150 200
Gravimetric Capacity (mAh/g)
¥ 4 . #rHl Mn-MOF 75t o> i 7 ith it

ZHUZDOWT, BBHFEKEF O in situ Mn
K-edge XAFS #JlIiEL7=& 2 A, mWELED
7Z h—% Mn"eMn™ O VIR TSI K
WEBEDT T v—=ZT v TF ) D2E
OLRTITRIBECTE, 2L BHER
BEMHTE D Z 030 oTz, 61T, ¥
BRipaA eV EE VT, ST EF
@ in situ AR X FREHTHIE (PILATUS 100K
2-D s AR s, HERE - 10s, R : 1.0
AL 20/ 1 2-10°) EIT-o7-, TOREE, 1
B A 7V HOFE BRI T(100)H (2 )7
BENDE—7 BERAEMICHEL, TDO%
BREENGEL 72D & W) EEINEE S iz,

(100) [ IR 1L 1 RoTF ¥ RV DI kST
H5HDOTHY ., FEIMFET Mn A 4> DERAL
INbH L EBIT, BRIET D PFeA AT
¥RV IAENTEORBEARE LA
D, TOH%, EHICPFa RV IAENS Z &
THEENRERET A AT — X =D&
LEZBND, B, ZTOX D RFEEBRERIC
BIFTD PFe A AL OBV IAHIL, YF [EIK
NMR 75 &R S 41, Mn-MOF Ei#hi23, PFs
A F & LA A romlinElEs+s5a7
NAFTVEMTHDZ LNy hoTz, ZDK
D 7R RO 2 A 9 D ML F 723
Dl mW T a— VIR & IR EIRE &
FIATE2LE W) HCTHEIAETHD,
MOF I KE R EHE2HTHWERETHD Z
EMB, Ak, Zo Xy EMEERLTS
)X TCHERARMETHL EEX LN
)

&IZ. POMOF #48to dEh it ok Rz
WTCTik<2%, Cu-SiMoja, Cu-bipy-SiMoj, & T
H4SiMo012040 T IEMIEME L L CHW=E
DA 7 NVEEEK 5 1R, 134 7 VH
DIRFERETIL, Cu-SiMoja, Cu-bipy-SiMo,
& HIZ HeSiM0120s0 £V B REWREZ R L
7. FIZ. Cu-bipy-SiMoi, Tl 252 mAh/g &
TfELL EOREEZ R L, BERA & 248 mAh/g
LIRIE-ET MR ARG, Lol A7
JVERFHEICBE L CIIRELSKETHZ ENT
Xlehotz, RINE LT, {EWE N EMRITIC
BWHLTCWDAEEERE 2 b, 5%t a
1795

250 | o © Cu-SiMo,,
° o Cu—bipy—SiMou
CR - * H,SiMol2
<
£ o @
:_3/-150' Yoppoofogg
5] o o0g,
3 * ':‘l:u:l.;‘nl:|
S 100 e Bopg
0..0
Sese
! S8esssseensesse

. . .
0 5 10 15 20 25 30
Cycle number

5. Cu-SiMoyz, Cu-bipy-SiMoi, L T}
H4SiMo01:,040 BHL DO VA 7 VL5

%12, Zn-MOF 2o\ T, {ERIZIEIC
XoTH /) b~ A 270 XA —FLE ThEE
Faryhan— T 5I LENAEETHDL L
EHLMNIL, 6 E VTR, BEALER
TR, b OBIREETOE EHREFFL
TZIRFEMEINE BN D Z & & SEM HIER E
Ik R L,

PLED X 9z, AUFFEERETIE, Bix 7o
TR MOF Bt AR & % % Bk
ET5 Y F U LEMOERIZEY A, MOF
DREEIEN LTIZ @B RDORERY A 7
VR D IR EER O BT IZAE LT, 720C
X, FTLWEMNKICHEBEZHET20008H 5
ZEEBELMNTL, ErERE AR R B R
OBAFICEE ML Z21F7-, —F T, MOF



TR & T D IRFRM BT
HEEEoT,

(F2FEER)

DN TIRERIZD

5. ERRERLE
(WFgefRaes. Wroe
X TR

Gy K OSEEERTIEH (2

GEEamse) Gt 7 1)
@O K. Uemura, N. Uesugi, A. Matsuyama, M.

Ebihara, H. Yoshikawa, K. Awaga,
Integration of Paramagnetic Diruthenium
Complexes into an Extended Chain by
Heterometallic Metal-Metal Bonds with
Diplatinum Complexes, Inorg. Chem., 2016,
55, 7003-7011, & # A , DOL
10.1021/acs.inorgchem.6b00741
Z. Zhang, H. Yoshikawa, Z. Zhang, T.
Murayama, M. Sadakane, Y. Inoue, W. Ueda,
K. Awaga, M. Hara, Synthesis of
Vanadium-Incorporated, =~ Polyoxometalate
Based Open Frameworks and Their
Applications for Cathode-Active Materials,
Eur. J. Inorg. Chem., 2016, 2016, 1242-1250,
5% 4A, DOI: 10.1002/¢jic.201501396
Z. Zhang, H. Yoshikawa, K. Awaga,
Discovery of a “Bipolar Charging”
Mechanism In the Solid-State
Electrochemical Process of a Flexible
Metal-Organic Framework, Chem. Mater.,
2016, 28, 1298-1303, # #t i, DOL
10.1021/acs.chemmater.5b04075
S. Osumi, S. Saito, C. Dou, K. Matsuo, K.
Kume, H. Yoshikawa, K. Awaga, S.
Yamaguchi, Boron Doped Nanographene:
Lewis Acidity, Redox Properties, and Battery
Electrode Performance, Chem. Sci., 2016, 7,
219227, & ®% A , DOL
10.1039/C5SC02246K
Y. Sun, T. Nakayama, H. Yoshikawa,
Synthesis of uniform single-wall carbon
nanotubes using Mnl2 clusters as the
catalyst precursor, Diamond and Related
Materials, 2015, 56, 42-46, #Fif, DOL:
10.1016/j.diamond.2015.05.001
J. Qian, J. Hu, H. Yoshikawa, J. Zhang, K.
Awaga, C. Zhang, External Template
Assisted Formation of Octacyanometalate
Based MY-Mn! (M = W, Mo) Bimetallic
Coordination Polymers with Magnetic
Properties, Eur. J. Inorg. Chem., 2015, 12,
2110-2119, #& & A , DOL
10.1002/¢jic.201403223
L. Hu, X. Liu, S. Dalgleish, M. M.
Matsushita, H. Yoshikawa, K. Awaga,
Organic  optoelectronic  interfaces with
anomalous transient photocurrent, J. Mater.
Chem. C, 2015, 3, 5122-5135, #3741, DOL:
10.1039/¢5tc00414d

GH 8 1)

(X5)

Hirofumi  Yoshikawa, @ Heng  Wang,
Rechargeable Batteries Using
Polyoxovanadate Related Compounds as
Cathode Active Materials, H AL 2
97 BEFR (mn)ﬁfﬁﬂk%iyt
Fop N8R (HAR)IR - B . 2017
3116 H~19 H
Hirofumi Yoshikawa, Solid-state
Electrochemistry of Coordination
Compounds, 10th High-Tech Research
Center International Symposium
“Supramolecular Science-Based Organic
Materials and Devices”, Toho University
(TZER - HEEF ), Dec. 9-11, 2016
j:Jll{iEE TH K& %*%0)@%:3;75
RE 2 A 9 % @B A B (K 2 LS
Etffé TIREMOBAZE, 5 57 RIE
FhEme. mIRA vt EESES (TE
W« TEEM) . 2016 4F 11 H 29 H~ 12
A1H
Hirofumi Yoshikawa, Solid-state
Electrochemistry of Molecular Clusters,
Satellite meeting of ICMM2016 “Molecular
Technology for the Design and the Control
of Functionalities in Materials”, Hall DI,
Tokyo International Forum (B RS « T8
HX) , September 3, 2016
l“)llii&*i BB AR 2 IERE Y E
&35 mPERE R EE ML O BAFSIFZE, T
*#&ﬁ%? VI RE 18 @Hﬁ{%xx i
JIRFAE S v /X2 (PRI - B
i), 2016 45 H 18 H
E)NES, SRR B e 5
m PERE 722 IR BB ML OB JE & i Ot & R
M U7 OGN 55 2 [IFH R
ey — IS — HEECIXSAEL
(P - SR TH) . 2016 423 H 10 H
E)IESL, B ERMA LI 2EF L
> 2 A% MOF DS IT—RR X #t
& XAFS, %5 tRERFE 7 v b
=N R ’2/1} VURTV T A AH
BRT (FHmE - 4R . 2016 4 1
H 14 H
)G S R, PR, 2 AL
RGN T IERRTEWE &3 2 ZRE M
O FERLFERFE & BEREARI, 2015 4EFERUL
FHERE, METERE BER R
i), 201549 4 11 H~12 H

G 0 1)

(PESEIY PEHE)

ORRdL Gt 0 )

OBfHRIL Gt 0 )

(2 Dfth)
R b= DU
http://www.kg-nanotech.jp/yoshikawa/



6. WFIEiEk

(D) AFgEREH

HI #ESH(YOSHIKAWA HIROFUMI)
BV 22Re K2 « PR S2ER - UEHR
WroeE 5 0 60397453

(2) WFge sy
L

(3) HHEAFIEE

SRE i (TANTFUJTI NAOKI)

KA TSR - WE THFF - U
%

WFgesE %5 + 80423549

f[g 2 Fk (AWAGA KUNIO)
AR K - KFEGEE IR S PR H
Y- Hp%

&35« 10202772

(1) WFet 17
L



