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[1]S. Horiuchi et al, Nature Commun. 6:7469 (2015).

[2] F. Kagawa et al. Nano Letters 14, 239 (2014).
[3] K. Kobayashi et al. Chem. Euro J. 20, 17515 (2014).
[4] Y. Noda et al. Adv. Mater. 27, 6475 (2015).
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Metal-organic frameworks (MOFs) composed of electron-donors (D) and/or —
acceptors (A): we call this group “D/A-MOFs” [1]. Since the charge transfer (CT) and
electron transfer (ET) of D°A° — D*A~ can be rationally controlled by tuning the
ionization potential of D and the electron affinity of A, they are really intriguing targets
for functional materials with magnetic, conducting, and their synergistic properties, as
well as their porous nature for gas/solvent adsorption. We have designed such
materials in the combinations of paddlewheel-type diruthenium(ll, 11) complexes
([Ru2"")) as D and TCNQ or DCNQI derivatives as A, and demonstrated the rational
control of CT/ET on D/A-frameworks to obtain electronic and magnetic functionalities
[1-7]. Among the series, most of DA compounds provide layered systems containing
crystallization solvents or void space between layers. A class of neutral layered D,A
systems preventing to undergo electron transfer is only paramagnetic [3]. Meanwhile,
one-electron transferred D,A systems, i.e., D%%*,A", allowed to be magnets [2-4], but
many of layered DA compounds fall down to an antiferromagnetic ground state,
because of the existence of interlayer antiferromagnetic dipole interactions [3,4], or to
fluctuated magnetism due to the partial elimination of crystallization solvents from
between layers [8]. These magnetic properties are thus strongly affected by: i) the
oxidation state of layers, and ii) the structure or environment between layers. The
rational design of layered systems, including post-synthetic methods that construct
artificial lattices [9], is a key factor to create novel molecular magnetic materials.

» Construction of layered

v 2D magnetic nano-sheet materials based on self-
assembly
D/A-MOF » Insertion of molecules
(magnetic layer) y (post-synthetic method)

>

ANANENEN
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HLAFECTH D0, BUR CIIGSHERIZEB A0, B8N EEMER LY, AHRMIENEIES
72 TR RNAT o 7R F ) o— MIFEE LRV, KR TIE, M TR~ 7 v 78] F
— M A ROFEOE Y M E R %

[1] (a) Maeda, H.; Sakamoto, R.; Nishihara, H. Langmuir 2016, 32, 2527-2538. (b) Sakamoto, R.;
Takada, K.; Sun, X.; Pal, T.; Tsukamoto, T.; Phua, E. J. H.; Rapakousiou, A.; Hoshiko, K.; Nishihara,
H. Coord. Chem. Rev. 10.1016/j.ccr.2015.12.001. (c¢) Sakamoto, R.; Iwashima, T.; Tsuchiya, M.;
Toyoda, R.; Matsuoka, R.; Kogel, J. F.; Kusaka, S.; Hoshiko, K.; Yagi, T.; Nagayama, T.; Nishihara,
H. J. Mater. Chem. A 2015, 3, 15357-15371. (d) Sakamoto, R.; Hoshiko, K.; Liu, Q.; Yagi, T.;
Nagayama, T.; Kusaka, S.; Tsuchiya, M.; Kitagawa, Y.; Wong, W.-Y.; Nishihara, H. Nat. Commun.
2015, 6, 6713. (e) Kambe, T.; Sakamoto, R.; Hoshiko, K.; Takada, K.; Miyachi, M.; Ryu, J.-H.; Sasaki,
S.; Kim, J.; Nakazato, K.; Takata, M.; Nishihara, H. J. Am. Chem. Soc. 2013, 135, 2462-2465. (f)
Kambe, T.; Sakamoto, R.; Kusamoto, T.; Pal, T.; Fukui, N.; Hoshiko, K.; Shimojima, T.; Wang, Z.;
Hirahara, T.; Ishizaka, K.; Hasegawa, S.; Liu, F.; Nishihara, H. J. Am. Chem. Soc. 2014, 136,
14357-14360. (g) Takada, K.; Sakamoto, R.; Yi, S.-T.; Katagiri, S.; Kambe, T.; Nishihara, H. J. Am.
Chem. Soc. 2015, 137, 4681—4689.
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G1l1

KB DG AV ini a2 LB 5 2L R R DT /) 224
PR ZE . AMEZEARES (4 RRF)

WA T L= & LTl b A 72K FE M) & IR IRIE TR T T 2 72 O D T
IR ELOBRFE AR D BTV D, BRI ORI EIN X, =L ¥ — %k%%%?éif#
WICEHETHY, RARTATIIALS HOENTWD, —J . H, DIRALEANT X D608 KIR
HA L LT 90 K LLEBIRW T DB H#E L 721 Te <L AL L7z Hy 23 B 8IS 583
LCABLTLEY LEAORE (RALVF7RIE) 2"dbb, 2k, kL= H, T,
BAE Y DR FX—RE0NA /Y Hy bR X =R Hy ~FEF D> < VEsiT 5
TLET, AL TLEY ZENFERTH D, ZORAEIZIE, LT SR04 /LY H,
MHRT Hy MEAE VIR ST Z ERAMHEATH D, A Y Viliniz @i CEBET 57201
3. H IO CRERSORVMEEI 2 522 Z L NUEL SN TWEN, ZhEEKRTH
FEAMEHIAIE STV R[], # 2T, FHxld, RERICHEES(LIEL 2L TH A F%
MR L. H LW %%A%%@%¢5 ENTE D LIRS AR DT 7 22/ %Hbtmo

LIS B AIT T ERREIC, MBS T, BEA A EBHSESZ LT, ZZHANIC
K& 7B AE % A ERH %%fé ENFBETH D, XL HIT &ﬁiﬁﬁ4ﬁ/f%é
P&ﬁ%/%%%ﬁm%mLtﬁwmmmmmmmﬁ%Ang%®+/£% W S

wo@&wﬁ%ﬁfﬁwyHm%ﬂ%ﬂhﬁkﬁﬁﬁézk%?vywﬁmiofﬁwbt
[3]e & OHITFEMN 72 HEEMRAT O FGE 5. B RFE C Hy N ESR AR ORI e EICBE L, A1 -
NN FE SN TSI EEZH LT Uiz, T/ 22/ Tk Hy 134 FIEE 23 KR IZHI R &
N, ZORMRETHRWVESENHMENTZZ & T, BRFEANLY - T EHEA i
N Z -T2 EZEZ2DBND, KEHTIE, ZHAMESBERO ALY « Tl E L L TOR
RAHIZSOWT, A% OREMLE O TR T 5,

[1] R. Muhida, K. Fukutani, T. Okano et al., Thin Solid Films 509 (2006) 223.
[2] R. Matsuda, A. Hori, S. Kitagawa et al., Science 343 (2014) 167.
[3] T. Kosone, A. Hori, E. Nishibori, M. Takata et al., Royal Society Open Science 2 (2015) 150006.
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T = OREETED LT HKRERR %
i 7 (RUKBE T, CREST)

B ARLFICEBT 5 RERPFENRTH HEBRSRBILY TIX., R0 EIRBRE, fﬁ%?ﬁ
DA, ~ 2 T ROERBEIRPL. 20 b ROBERHNE, F 7 20D X 51
(JLZEM’Z“/ (BFAy) ZEE (FH) CLTELNLLIONP—KHTHD, TIL, é@%ﬂ‘

BN L CWAFBORbY A 4 (T =42) 1R ABKRICTERVDOTHAHI N
J:G_/T L7ZEBRE R CHOBHINTESCH Y E R D EZNZELWEEDbI D 25720,

— 5T, R /RS BILF TR, AT AT TR, B FELTOT =4
WCRERT 2= FBREPALTND ZEIZROL, T2bb, @RICEN T DENLFOREZ
B2DHIEIZEoT, HaxBEELZ 3| S HT 721 Tl AbFICEHEME EGHEE 5 2 T
HZERDLMND, LInoT, BIEMIZBWTHET =4I o EFBT5Z ET, 1E3kD
At DI 2 8 2 Te EEBRH oM BLER B S TE 2 D TiE W, T D X 5 72 R8BI H-
D‘Tﬂ%iﬁﬁfioTU\ZD’JFE/E'\TSZ]“/HCA% (BEOT = ERFET DT LHIMWEDZ &)
DWFFEE AR T D,

ARSI BN DR RS D BRI 1X, K= %X —DFNFIH & W BlLE b IE
WHEE/RT—<vTHDHM, 1980 4FIZ Scaife IZL > TRENTZXL DTN F¥ vy v 7L Flat
band potential IZIZHAFIBAFR (Scaife plot, FX) W& 57286, /N KXy » 73 Al HLHHE
BAZITWD EARBRERTERNE NI RERT LU ~vRboTz, Fox MBBFE LIZBBE Y
BisNbOsCl i, /3> ¥ v v F R RMESEHEIKIC H 512 6 B3> 5 3 Flat band potential 235\
72O, FEFICHLERNMMBE TR 552 ERHLNTR o (1], EETIE. Z0oE» 5
7o TE AR B O LWEREHESHT W TR T 5,

-1.0 BagsrCanNbOg SINDO;
-0.8 NiNbOg CaTiog |
SroBagsTIO; v I 50705820 5ND,05
-Bay sLa, ,Nb,0
-06 - - SrTi0, MngO 05202N070%
" 26
-0.4 B'4Nb08CI aTlOS\:::‘ ? 5. ZnNb,04
. BagTi,NbgO,
a, sCa , TiO,

-0.2
A
0,

-
- L)
FeTiO,¥ 4 05
021+ FestoLy . Fgno, Basn o,
1 i °in,0, 1™Cdin,0,
0.4 [~  SrFeNbOs¥Y v wo, |

1 FeTaO,” /FerO |
0.6 1 FeTa,04 .V‘
= Cd,Sn0O,

081~ /ﬁ%@?ﬁt'
1.0, Voo, F_Ki|
[ [ [ I
2.0 2.5 3.0 3.5 4.0
Band gap / eV
Scaife® X (D. E. Scaife, Solar Energy, 25 (1980) 41)#kL—2X
(0:dOFEF(LdRED LD, A B DHIIHE SN I=dBEEXH T 5)

Flat band potential / V vs. SHE

H =20 L LT, R@ﬁmAﬁ%Mﬂ%%OE%mA% BTS2 =—
T IR R IRA T = A VB E W O BRI SR LIz 2],

[1] H. Fujito et al., J. Am. Chem. Soc. 138, 2082-2085 (2016).
[2] F. Takeiri, in preparation.
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