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Structure and Properties of Organic-Inorganic Layered Perovskites
based on MBr4; (M=Pb,Cu)

(Graduate School of Chemical Science and Engineering, Hokkaido Univ.}, Faculty of Science,
Hokkkaido Univ.z, JST—CREST3) Giancarlo S. Lorenal, Tsuyoshi Osakil, Yu Kudol, Hiroyuki
Hasegawa2'3, Yukihiro Takahasil’z’a, Jun Harada1’2’3, Tamotsu Inabe’**

[Introduction]

As can be seen in dielectrics and superconductors, the electronic structure of
perovskite compounds, also known as a "storehouse of function" can be easily controlled by
substitution of its constituent elements. Among these compounds, metal-halide perovskites
are generally soluble in a variety of solvents. Therefore, they have the advantage for easy
device fabrication. Our lab, has previously revealed that the spontaneous doping is the origin
of high conductivity in exceptionally high conductive tin iodide organic and inorganic hybrid
perovskite compounds, and also reported the rectification effect in mixed crystals with lead
iodide due to the non-uniformity of chemical composition. Clarification of design guidelines
for physical properties of these materials is important from the viewpoint of applications
such as solar cells or field-effect transistors which are actively studied in recent years.

In this study, synthesis of organic-inorganic layered perovskites based on MBr,
(M=Pb,Cu) were done. Single crystals of these hybrids were synthesized. The effects of
changing the organic component in the synthesis of these hybrid materials were studied.

[Experimental]

(R-NHs),PbBr4 Perovskite compounds can be easily synthesized by dissolving
stoichiometric amounts of organic ammonium bromide and Lead(ll) Bromide using a mixed
solvent of DMF in Chloroform then slowly cooling of the heated solution. See schematic

below:
Slow cooling
DMF in CHCI, Under N, Crystals,
R-NH;Br 4 PbBr, > Homogeneous Solution —————>  (R-NH,),PbBr,
Heat 80°C-5°C

(R-NH3),CuBr,4 Perovskite compounds on the other hand, can be synthesized by
simply dissolving stoichiometric amounts of organic ammonium bromide and Copper(ll)
Bromide and using H,0 as a solvent. Recrystallization using the same solvent allows for
better crystal quality. See schematic below;



R-NH,Br

H,O .
+ —2—> Homogeneous Solution

Heat
CuBr,

Cooled to RT

[Results and Discussion]

Crude Crystals,
(R-NH,),CuBr,
Filtration Purified Crystals,
> (R-NH,),CuBr,
Recrystallization ( sk 4
in H,0

Crystal structure and Optical band gap of (R-NH;),MBr, (M=Pb,Cu) Perovskites

*(C8H12N),PhBr,

(C6H1ONS),PhBr,

(C8H16NO,),PhBr,

(C8H16NO,),CuBr,

Abbreviati
bbreviation (PEA),PbBI,

Abbreviati
hbreviation (THEA),PbBr,

Abbreviati
hbreviation (PTA),PbBr,

Abbreviation (PTA),CuBr,

Structure of R-NH;*
(PEA= Phenylethylammonium)
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Structure of R-NH;* coos
(PTA= Protonated tranexamic acid)

Structure of R-NH;* coon

Triclinic
a=11.549,
b=11.549,
¢=17.346,
«=99.5677,
B=105.9780,
y =90. 0590

Monoclinic

2=8.25380,
b=8.2546,
¢=15.97710,
«=81.9870,
$=83.0370,
¥=89.8630

Triclinic
a=21.20400,
b=8.33190,
©=8.22420,
«=90.0000,
B=99.8862,
¥=90.0000

Monoclinic
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(PTA= Protonated tranexamic acid)
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Inorganic layer

Ph(1)-Br(1) > 2.9784

Pb(1)-Br(2) > 2.9827 Phiz) O Q )151‘05
Ph(1)-Br(3) > 2.858 o
(Pb-Br-Pb) angle = 151.05
(Pb-Br-Pb) angle = 149.65

Inorganic layer

Pb(1)- Br(1)->3.002
Pb(1)- Br(2) > 2.988
Pb(1)- Br(3) > 3.003
(Pb-Br-Pb)angle = 154.13
{Pb-Br-Pb)angle = 153.27

Inorganic layer

Pb(1)- Br(2) > 2.998
Ph(1)-Br(2)>3.003  Ppy
Pb(1)- Br(3) > 3.001
(Pb-Br-Pb) angle = 154.53 o O
(Pb-Br-Pb)angle =154.54 &

Inorganic layer

cu(1)
Cu(1)-Br(1)->3.333
Cu(1)-Br (2)>2.422
Cuf1)-Br (3)->2.423
(Cu-Br-Cu)angle =176.9
{Cu-Br-Cu)angle = 169.2

Optical Band Gap

Optical Band Gap

Optical Band Gap

Optical Band Gap
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iously synthesized by Mitzi, 1999

Organic - Inorganic layered Perovksites having the formula (R-NH3),PbBr4 show

relative stability under ambient conditions. Analysis of crystal structure shows that

regardless of organic cation used, these compounds show similar Lead-Bromide bond length

as well as similar Lead-Bromide-Lead bond angle within the inorganic layer. Furthermore,

these compounds show similar optical band gap value of about 3.0 eV.

Organic - inorganic layered perovskites based on (R-NHs),CuBry, are also relatively

stable under ambient conditions. Unlike (R-NHs),PbBr4layered perovskites, analysis of the

crystal structure of these compounds shows unequal Copper-Bromide bond length and

Copper-Bromide-Copper bond angle within the inorganic layer which suggest the presence

of Jahn-Teller distortion in these layered perovskites. Moreover, a relatively smaller gap was

found in the optical spectra.

Due to the easy synthesis protocol, relative stability and possibility of being able to

tune of the properties of these compounds, these organic-inorganic layered perovskites

based on MBr4 have the potential for easy device fabrication and manipulation.
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1 Tomaz Korzeniak, et al. Polyhedron 2003, 22, 2183

2 Hiroyuki Higashikawa, et al. Chemistry Letters 2007, 36, 1022
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ZB®ERE TCNQ IEDEMA M E & U 3 7Rk #E D 5T
(R KEE) OERERE, MRE, HHAET
Preparation of Transition Metal Salts of TCNQ by Solid State Reactions and Their
lodine Absorption Property
(Kobe Univ.) oKoji Miyao, Akira Funabiki, Tomoyuki Mochida

(FF) A7 7 I VR %8S EFERG Tlx, WIREG & R U RN Z W70 23 BRI
FOG TIIAFEEORRR « #65&E 2 SAE S LIE LIZE N5, FLZEILEFE SOG & B SEE
~NEAT D2 LT SRR, WEEEOEREZ BREL TS Y,

UHFERIZB W TR, 7V h U &8 TCNQ Hi2s 3 wE W MiE 4 FiH> 2 L RN RH S h 7=,
M(TCNQ)D#i AR (M = Na, K)& 3 U FHE L EHEMLOSS D0, £1EI VFEROFH R
RIZIRIET 5 &, EEMIZ MTCNQ)I 2Rk L7z, T bi3mBc - Ta vEEKH L,
TLD M(TCNQ) % 42 L7z, My(TCNQ)s(M = Rb, Cs)b [FEEEIC T 7 HE &2 L. My(TCNQ)sl,
ZhE 2=, £z, 2 o0 a vREWEEITT VL) &Eoa oAbt & TCNQ O &
ko THAR L7z (TCNQ+ Ml — M(TCNQ)I),

AL T, BREREAL HW TCNQ EOREMARK &, 260 3 URWIRED K%
1Tolz, ZZTIEEIC, Cu(TCNQ)TH.H SN T- 3 U HRWKABIZ DWW THET 5, Cu(TCNQ)
DFEERITIT 2 B ORI (Phase 1. Phase 2) 2MFEET % 2, Wi & 12 Cu & TCNQ 78
BEGLICENLE D ThDOMR, oy NU— 7GRV | Phase 1 TIXTCNQ 7 =F 2374
7 LEEE R L T A28, Phase 2 132 ) L-HEEBE S F-TIREETH D, 295 LN
Y ¥ THRAOE L I T FEWEMEOFEBIC W T B IRE LT,

[3RERICU(TCNQ)IZ DWW\ T, STk D J51% 2% %2 Phase 1 & Phase 2 & 2 Z AR L T2,
Cu(TCNQ) & a UHFEZE/NI 111 TRAL, ERMA—LI Y U 7EEEZ WV CERT S 2 L
CTEAEN G ZIT 72, 72, I THEOAFY EIKRIC Cu(TCNQOM KA &IRT 52 & T,
(NP RVE 3 Ty o RO

[(#58 - &F%] Cu(TCNQ)IL, Phase 1, 2 L Hiza vHR L DEMKIEEZEZ L, Cu(TCNQ)I,
DR E FFOREWE L 5 2 7=, 7272 LA ORIEITE TRV . XRD " F—2 XD
Phase 1 7> B 1% 7z 3 v BRI T LERAORE fR e 2 A3 5 DIkt L. Phase 2 SR DR 13
FIFIEREETHY . OFETO Cul DEIEZMED Z X oz,

MENC L2 a0 FEORBEEZFRR 5720, TGHIEZETT-T-, FEA. Phase 1 @ 3 7 FEW KR
TIE23wWo% & 21 wo D —BefE T 3 v MBI 7 5 & (B BA 2416 5 80 °C. 130 °C)
NRBNTZ, —J7, Phase 2 O 3 7 EWEIAIT —EEPE T 47 WD E BRI 2o Uiz (LB AR
IREET76°C), £72 IRIBEICXRD ORIEIC LY, =7 EMEE#ZOREHI, T2 bicd 2
fEin g 2 8> Cu(TCNQ) (Phase 1. Phase 2) ([ZR > TW5 Z b7 (Fig. 1), ZDZ



EDD, FURWEAEDOEMETYH ., JREIZIE O R 2 Kk Lo iEE &> TW 5 Al
MBEZBND, -3 vENBEREICBON T, V&EO Cul BEIET L Z ERbooT,
INHDIATREREEIRKE A X ) — L HIZERTIRT 5 BHE) Z & T, B gHT
DEEF~O I VR OB RF Lz, fR. I VROLBEIAET 528, —& Cul 24T
D2 ENy i oTo, XRD /3% — 2Tl Phase 1, 2 H3ROFENCTHAZ Cul ITxf I 2 BE o v
— 7 BRI, BEINLTVD TCNQ $ENITIEME LB BN D, IR AT ML TIE, £h
ZNOJEEND Phase (ZxF)id 5 Cu(TCNQ)D v — 7 Bl S #u, SNz T Phase 1 H3D#ENC
%, FYED TCNQ IZHKHGET H B — 7 Bl sz, ZDXHIT, A%/ —/HToa THE
HEXSE R TIE RS AW b BH—Tldkehro Tz,

UboXoiz, av#E7nYU TCNQ LR U<, Cu(TCNQ)® I v RWKAEZ FF>Z &
ﬁ%%#&&okotﬁb ZOFZR TSR T Cul BEIE LSTVMHAARD Hiv, £
D=2 I T BWIRAED AL LB TIRNZ &Ny hoTz, ZOMEERRE T, FEZE %
ﬁ%bky%ﬂﬁiféﬁﬁ@%ﬁwo

ETE
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m@%%éﬁ(& Mn. Ni,
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1) (a) A. Funabiki, T. Mochida, K. Takahashi, H. Mori, T. Sakurai, H. Ohta, M. Uruichi, J. Mater.
Chem. 2012, 22, 8361-8366. (b) A. Funabiki, H. Sugiyama, T. Mochida, K. Ichimura, T. Okubo, K.
Furukawa, T. Nakamura, RSC Adv. 2012, 2, 1055-1060. (c) A. Funabiki, T. Mochida, H.
Hasegawa, K. Ichimura, S. Kimura, New J. Chem. 2011, 35, 483-488.

2) R. A. Heintz, H. Zhao, X. Ouyang, G. Grandinetti, J. Cowen, K. R. Dunbar, Inorg. Chem. 1999, 38,
144-156.

3) H. Zhao, R. A. Heintz, X. Ouyang, K. R. Dunbar, Chem. Mater. 1999, 11, 736-746.
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BAFHADEUSIRERDD T FIEEICLSEE
(BrARRE)ON L BF - KT EZ - FBEE - S AF - ACH RE - 1UF Fr -
W0k - B SERE
Theoretical calculations of zero-field splitting parameter D for single molecular magnets

(Osaka Univ.) O Takashi Kawakami, Keiji Kinoshita, Akira Ito, Shohei Yoshimura,
Yasutaka Kitagawa, Shusuke Yamanaka, Kizashi Yamaguchi, Mitsutaka Okumura

(FF] BAOTFTERBAEZZR DB FRAMEHZED TVWS, 5 FNBKUE S
MK O FHNTAE DRI TN REETRD, TNHIE, BETFTOALE HHEN
BRENE T ZAET S (DTt O—RHZEZLOSE TR TS,

T, HE(EREDSOF I nFiald. BRAUEEZROF INBEEAKT PN
W EEBRRBOBCEGHBLICEZDAERIN, TOF T U T 1 DzDIEF ITHKGE
Wtk ERT,

NS FHMEDHILHE T, SEOH BB ARSCH BB EREA R & TIES Tl
BRI K BIRD, ek DV ) — T Z2F COBMINICED 5NTETH O, FHlZ1E,
HAEF/N S A—=4(, t, U3 THEE CTHEEICHERS BN L > THD,
WITERRATICZ Rz E#RE L TWb, —F4. HAERH/NSA—=45ELTOD, Effilz EN
HEERESTLS DN, ZORTFHERICES5MEIT. &V —TICXOFHERLETH
%, I T, AW TIEING By FlaaCF 750 Fika OMEE Z2 30X 5 RIS AE
E2%, BALFHEZHNTOR FORKESEEFHET D I 270/ . 5
BT D720D AN =X LDFENT BT 7=,

[(Biw] MSRESMEERININBIZT UIEH=DS?2+ ES?-S)THb. Hs
RGEEAEL -AEY (SS) HAEMEAE S -#E (SO) HAMEMITERT %,
ZOSBSSHAFEMIEE D T TOHRICEE L > TS %, — 5. BIRER DT
IZBWTIE, SO MHAERNERTH S, BiIEITAE 2Bt HOM AN 2 b
THANIIRZT VINEETH 2, HEDOSO HAERIE RO RIIRTH D,
ERE G SO MEMREHO KEHICIDEHREND, £ I T, BENEEE
(DFD) 12X > THS N2 BRI Z AW T KEBE#IHZEE T 2 & T O Lk
FVED © BgGRER (ZFS) L FMNEHTE %,



[GIH] RICF I THAE L TA - Mn(hfac),) O—RKIC#HERD P CEHHE
2175 2 &ICL[11(K 1), Z 2T 1=bis-monodentate bisaminoxyl radical,
hfac=hexafluoroacetylacetonate ThH 2, ZDRTIIAE Xy NT—=UMNH BT
D, BOBRLUBEMZEARE L TIROHS (K 2).

Fex OWIFEZETIL, BEITSS & SOHAANEAD 5 WY 2R E T 1E/NT A—F DE

ICBIL T, N6 ZEFRETZ IOV I LERBEATH D, AIFIZEFSIZEDHD
THU., FiEEOS THEFEOFEMSREHWTHRER<S<ENTE%[2], —7. &
FHICEL T, RES2AEL THD, LR OME@RICHE > TDIEDEHERIL —F > 2%
L Tnwa(ForI04% TQ1). ZHUIPederson-KhannaD 0000000 00O [3]0
000000000000000000000000 F. Neese 5i12&k5 7077 A
TORCA] MEMET S, Ziid. Neese (Coupled—-perturbed method) B 2SI L T
Ws, ZNHEALZ.

LD 707 5 MK D E#S ) 2E
B (ZFS) OFtHEZEM L /=, #EROFE
ALY T 5,

(chiral) FsC CF;
of o
" N ! .\\
| |
t-Bu t-Bu
F3C CF3
n

S=1 S=5/2

1 (1 - Mn(hfac),) o & R2 ZE > Fy NT—Y

[1] H. Kumagai, K. Inoue, Angew. Chem. Int. Ed., 38 (1999) 1601.
[2] M. Shoji, G BIIZDFI A
[3] R. Takeda, 813

R. Takeda, et al., Polyhedron, 24 (2005) 2238.

R. Takeda, et al,, Polyhedron, 26 (2007) 2309.

R. Takeda, et al., Int. J. Quant. Chem., 102 (2005) 80.

R. Takeda, et al., Int. J. Quant. Chem., 107 (2007) 1328.
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[Moel14]2 7 5 2 & —% FAv 1= TMTSF &k DS & Wtk

(T AWKRT B, 2 LXK
Ry FEE L EHH 3K 1, Kaplan Kirakei2, Stéphane Cordier?,

Christiane Perrin2, 75/ FHi5 1

Structural and physical properties of TMTSF complex
with [Moel14]2™ cluster
(1 Faculty of Agriculture, Meijo University, 2 Université de Rennes 1)

Takaaki Hiramatsu!, Yukihiro Yoshida!, Kaplan Kirakeci2,

Stéphane Cordier?, Christiane Perrin2, Gunzi Saito!

[F]

DAY A ADOKEW[MoeX14]2 X=Br, ) 7 7 AHX—%, Hx Y. X XY
72 TTF % 1 R — & O O B/ b % 58 h % 5 tE:>=<tIf
Lo ENMENTNAILL, #C Batail Hlc kv @Eshidik vy~ X X7y
(TTF)3[Mo0eX14Y] X=Y=CL X=Br, Y=CL Br)[2lix. xI#ttn X=S, Y=H :TTF
B R T %0 NS D, ARERTEBMIR OO oo vome . TOTSF
HEEINTWL ZRIGAE = A LI TR AE 7T A b
L— MRIEZAT S L EX LA, BIE, Box i OfEICHER
LT TSF % R —IZHW-RAAEE OSSR ZH 7 ICER L, B
LB 7 1T oW TRE AT > T 5, AN, TMTSF % F
F TN T, R PR O 5\ Vb S % S A 213 5 =

& & BRINCWERR R T =D THET 5, LETRF—5 71
[ ER]) (k) &[MoeXi4l2™ 7 7

18 ml ® H BB L ORI TMTSF 40 pmol, [t » % — (L) (HFEOJH
(BusN)sMosl1s 25 umol & (BusN)X (X=CI,I) 25 pmol % AjL, ¥ T,
sana A% H1,0pA T0.5~1 » AMEREITO, BEBCIRG
T,

[#REE])

X MG EAT OFE R, 15 DAL BEABCR A TS EREEO (BuN)X OFEEIZ )b BT
(TMTSF)sMoglis TH Y |, i 7 A H A NUREEEZ -2 2 ERBH LT o7, fEdhF
Hy7—% (300 K) i%, % Monoclinic, ZEfi# P2/m, a=11.001(1) A, »=16.372(2) A, ¢
=20.303(2) A, p=97.451(1)°, V=23626.1(6) A3, Ri=0.0445, wR,=0.1211, GOF =0.997
ThHoT-,

fErm S X 2(2) 12T &L DI, TMTSF & [Moslial2 7 7 A 2 — M3 a il )7 a2 45 BEfE g
TFAhEKR L, BB T DTT =y I —AR— RRICWEA TS, ZNENDH T LT,
2(b),(0) TR SD & D ITHEA RIS 72 [Moglia]2 7 7 A % — 1 431 & TMTSF 353 7 (K
F—F ABC) IZXVIERESNTWD, FF—27 B,CIXIFIEFES THOE T Efils



MICTIVTREAERL > TWDHDIZR LT, RF—27 AlFA— FMUIZHnizn v B> K —
455 B,CIZxt LT HFICAZE L THAERR > TV, ZHIIK 20IREND L H T, HF
A R[Mosl1al2 7 T A 2 — 3 F % ZSRBNCRET TR RTZ L B2 B D, 2 O REEEZ X
ML C., NP —RIOE/R V5 (Se i1 4d Wl 2 &1e: x 1073) 13 A-B [#143-61.0, B-C
M73-112.9, C-AH723-3.2 &7V | %7lZ B-C T < &k L TV 5,

[Moglis]2 7 7 A2 & — 13 &R - OFEEEDN Csa[Moelial[8] & —E4 25 Z End, HEMIT 2
MDT7 =42 Thod, —J, RT—OBEME D FHRO C=C ZE ARG LIZE Z A,
EIEMAF T TAMN1.48B)A L. BD 1.36(2) A= C D 1.38(2) A [T TH L MRV &7
5, BRMABMLLTWE EEZ LD, L, WEINIHEV, ZOEEOEWT R 72D
200 K AT CIRIFIERERIC AR D (M 2(d), Z0Z & IHERTIE R —oEmasy—k LT
HAHEEZ R LTV D,

BIE, ZOFMIZOWT, I~k BEREEE, BERAENORFFTL TS EZA
Th D,

(a)

XRXX
L4

| S RS

(d)

b 1.52

148}

1.44¢

1.40F

C bond length / A

1.36

0=

1.32}

100 150 200 250 300
Temperature / K

2. (TMTSF)sMoelis Dt (a) a X, (b) pEERZXN. (o) clhiEX. (d) %
TMTSF 43O C=C —Efii&E DOREZL.

Cpd Y
[1] G. Saito, C. Perrin, et al., J. Mater. Chem., (2012), DOI: 10.1039/c2jm33086e.

[2] P. Batail et al., Angew. Chem. Int. Ed. Engl., 30 (1991) 1498.
[3] K. Kirakci, S. Cordier and C. Perrin, Z Anorg. Allg. Chem., 631 (2005) 411.
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RERFEZET S BEDT-TTF VA4 —VFHEEE AW X 7 VEEDO B L UOHE
CGRKPMERF !, M KEEER 2, ) v T 4 AL RL Y RKY)

BA T4, ER B, 27V 0402 7 @i —&L vV Pard Kk PER!
Syntheses and Properties of Chiral Complexes based upon
BEDT-TTF Diol Derivatives having Asymmetric Carbon Atoms
(ISSP, The University of Tokyo!, Kobe Univ.2, Nottingham Trent Univ.3) Chiho Hashimoto!,
Akira Ueda!l, Sara Krivichas!, Kazuyuki Takahashi2, John Wallis3, Hatsumi Mori!

050

KR 2 & 72720 % TV ARREIRRE IR, SRR BRI 2 R+ 2 L IR S 4L, D4R
ZDOBFIER AT O TV A, [1] REAMEE LT HEEBLE (e, 28 k@il SHG,
77 TT = R, M*HQQTMFM*%&%(%%M@MF%QMﬁ%(%$$ (SN
F. O REAEME, BIRMEAR) ) REVFETOND, BT, FT OBFAEN) 551 &2ETesy 1R
. SFEINCEAD L TAREREE HEA DI ENTED,

Borld, FTNVRAEEEREREEDLOOT T —FL LT, KEMEEMNEET LI TV
HWRT—0FEHWAZ EE2EBR LT, D THETKE-EEEKRT D L2 XA IbOMEER X

Oy FELFNCE T O AR S D, 2 E T2, Fig. 1 IR L7EAFIRFEZ2AHT 5 BEDT-TTF

v¢~w%%m(3$1xﬂm1®@&:mﬁb\[HS&lk(muﬂ%@é%7w B ENBE IR D
RS EZH LT Lz, AN (BR)-1 & ClOs 5 72 DGR OIER - fEfT & . 7% Ko R
—1 X TARD T B =T =F L W% T VERBIEHED A RBE 21T > -0 THRET 5,

S s s S S s S S
: : OH : : . OH

(S,9)1 (RR)1

Fig. 1 trans-vic-Bis(hydroxymethyl)-ET D& (/£ : (SR, £ : (BRIK)

[ KF—0r DA R]
PIFDZAF—2IZHEV, R =5+ (891, (BR)-1 %AW CEFENBEEE R Z B L=,

1.

s~ o s~ oH
~ =IO =ATE
B S s ,, A optical resolution
S:< j: j:r‘;OH Teor (cat) trans-(S,S)-3 HCIaq (S,5)-4 by e I j/\
2. silica gel column
chromatography
—j/ j: jv ><:> S:< j: j\/ one enantiomer
as/trans mixture (S,.5)-4

Ifﬁiiil =T e o= | (=

P(OEt);
(S.9)-1

(8.5)6 mmmﬂ
mmm& (or (RR)-6)

trans-(R,R)-3 (R,R)-4
mixture of R R and S, S enantiomers

Scheme 1 (S.9-1, (B,R)-1 D& Rukkk[2][3]



[ b ]
vrmua Aoy (RR-1 ZEME TBA - ClIO4{F/E N, 0.5 pA T5 HRMEMERIT 52 & TRE
@*ﬁ«ﬁ(ftaa%ﬁ'%to Aoz (R R)-1]:Cl0s Dt k& % Fig. 2, Fig. 3 ([T, fdbFRIsT
DFERF—2 HFeT7=F 1 5FTholc, RIT—EINTCHTH Y, LLAIIER L 72
[(SS) 112C104 L B BARIZH D Z &b o T,

}4 t\%ﬁ?ﬁﬁr}‘ +
" &/ “{
“‘.{ﬁgﬁ%ﬁj\“

Fig. 2 o’-[(R,R)-112C104 D& St S Fig. 3 o’-[(R,R)-1]:Cl0+ ® K F—FE %1

Dt DZEREET P21 THY . NI TINRERTHD Z Limmnole, FTBELET L7
O, EEEELTTEZEILND, M Fig 4R LX), P T R —afrHEs IO F—£&
AT B =T =F HTREFHEVDIEE SN TIEY . KEHED RISV THEERKE & R
LTWh EEZDbND,

u_x_ 3\-1 ‘.II . ‘_%L‘El“‘_ r - s ‘!}H; P
: ga,b &
-E": a:2.838 &
= b- 2.896 &
- c3.182 &

Fig. 4 o’-[(R,R)-1]:Cl104 (25T % K FE G S EE

MHIF FEROBRICMAZ T, 58I R F—C XT3V T7 =F bR ABMBEEAEDERIZHOWNT
HRET D, Fo. BEOICIE= ST o F A 2T R R = T = F v AW TEMBESE AR 2 ER T
HTETHD,

(2% 3R]
[1] N. Avarvari and J. D. Wallis, J. Mater. Chem. 19, 4061 (2009).
[2] S. J. Krivickas, C. Hashimoto, K. Takahashi, J. D. Wallis, H. Mori, Phys. Satus Solidi C 9, 1146 (2012).
[3] R. J. Brown, A. C. Brooks, J. Griffiths, B. Vital, P. Day and J. D. Wallis, Org. Biomol. Chem. 5, 3172 (2007).
[4] #Edh52H95 — & - monoclinic, P2;, a=7.951 (5) &, b = 13.619 (7) A, ¢ = 17.492 (10) A,
B=92.052(8) ° ,V=18929 (18) A* R; Rw =0.1055; 0.1028, GOF = 1.348.
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Effect of Ring Extension on Magnetic Properties of Indole Nitronyl Nitroxide Derivetives.

(Faculty of Science and Tecknology, Keio University)

Yuta Yamaguchi, Chihiro Maeda, Naoki Yoshioka

FWEMEIR TIRorF DEFRETERBITAAFE L CE AR
Wﬁ@ﬂk%<ﬁm?5 WIFFEETIL, = hr=
= hkua ¥k RIFFIZ NH Jﬁu%ﬁﬂ”é%ﬁﬂa R
AN L= R TR 5 % £ 5 3 CAEBLSIC
DOWTHHMNLTE-, A F—ll=obhm=)l=}Fnm
XN L1IE, KBEREZNLIEHEED 7 2EEL T
B L, —RouisMsEH 2 B+ %5, 1 TldaA v F—
JVERIZH A B VEED 5% I E0ii L T\ D728,
BRI HEMZ T Z & CTHE D 7 LM OB
71> 7Y 7 b HIET & L REEMEDS & % (Scheme 1),
AHFFETIE 1 OBEERICR UV HEERTHZ L Th
T LN T > 7V U I RIT TR, I 51T
71T KMEIOREE T >~ 70 o TN RAE TR HR A I S
2T HZEEHBE LTS, BIRMICIX, g TIC
RUVEBRILHELTZ 2 B X We, gilIZ_UYERE D
JER LT 3 &Gl L, F7z. 2 128\ Tk
WEZfT L, 77 LABLON T LAHO A 3
FIZENIZ O THEE EEEOMEEZERT D
(Scheme 2),
[& K]

Scheme 3 |2~ T 2 Z# & H% L. methyl tert-butyl ether |Z
EfES BT, £7-. 31TOWVWTH 2 LEIREICAR LT,

CHO  N,CH,CO,Me
O
NaOMe
MeOH

MnO, NHOH

NHOH NalO,
N\ CH,OH —» N CHO g g

CH,Cl, p >

N CH,Cl, N MeOH
H O H THF

Scheme 3

m-xylene O

Scheme 2

TIRPEARFEIEIC L DA b 21TV, Rk

CO,Me —» A CH,OH



[t ]

X A I R AT

5N TR S 2 VT2 0 XSS E AT 217 -
7o PEARE U720 VERENL S K FRE ST S LIz —k
T AR LTz, T D72 LITH~KER-ADTE D |
BT DNOBETIC BN E LT, £ 7T LRI
£ van del Waals - OFNZ T WL 23 L B3 kot
— MRICOTFRERBL TWD 2 & n3bho 7= (Fig. 1),

WAL R E

SRIRFE S 2 W TR RIE 21T o 725K 2 11X
Weiss £ = +4.9 K Th v | Hli— koS TT
JUAZHEVY, kg = +7.6 K & 5RUNIREEER) 7o M0 AR 23
TFAEL, £, 0K A FIZBW I 525 B L
7T ARUHE, 2kg= H03 K RO BNT-, =
ALEY . T LRI TREMER oA BEAE R 2ME(E L T
WD Z & DRI ST (Fig. 2).

[54%]
HE1E & WPEOAHES
AT DRI W THRR LIe U VB b KFER G IS

Figure 1 Projection along ¢ axis of 2.
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=

Figure 2 Temperature dependence of
2T () and ™ (X)) for 2 under the
applied field 500 Oe(1.8 K-5 K) and 5000
Oe (5 K-300 K).

B L7728, SOMO O#EEHEICELN A UTe, ZD7cd, 1 LHA_TH T LNOMHAEEHD TS E
Sl EBEZ NS, DTOBERBRBEICTFG L TCOLAREMERGHDL LB 2, MET 20 7 A
W+ 7 AMICEWT I E%E DFT #5(UB3LYP/6-31G*L~UL)IC LV BAEEH V. T ANIZBW
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Synthesis of porphyrin dyes with a different linker and their application for DSSC
(Keio Univ.) Yuta Negishi, Chihiro Maeda, Naoki Yoshioka
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Scheme 1. Structures of the porphyrins.
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Table 1. Photophysical and electrochemical data.

Agps/nm Ao’ /nM /% E,IV  E IV AEYIV
1 425, 557, 596 603, 653 2.4 1.03 -1.37 2.40
2 444, 574, 625 631 5.3 1.05 -1.15 2.20
3 435,570, 615 622 3.6 1.16 -1.20 2.36

2 Wavelengths for Soret and Q band maxima in THF. ® Wavelengths for emission maxima in THF by exciting
at 425 nm. ° Fluorescence quantum yields were determined with reference value of ZnTPP (0.033) in toluene.
¢ Ground state redox potentials and energy gap (vs NHE).
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Fig. 2 LUMOs and HOMOs of the porphyrins calculated by DFT methods with B3LYP/6-31G(d).
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Synthesis and Magnetic Properties of DiacetyleneDerivative Carrying Stable Radical Group
(Faculty of Science and Technology, Keio University)
Aika Oshima, Chihiro Maeda, Naoki Yoshioka
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Scheme 3 Synthetic routes to 2 and 3.

[FEBRE L OHER]

Bk

4-TaETRCATAT e REHRFEEE L, 2 2R T 328K Lz, EHESOARENEZ
@%ﬁétwm\%ﬁﬂﬁl%Aﬁbt(&Mmmo3@\7tbzb9wm<%ﬁﬁ%@
IZ X DRGSR ZITV, IREASHRES 2S5, SIE LY 1ITRR 40 CHETH D Z
&#%iémﬁbfmﬁw_k#%%éhto*ﬁ\z3ﬂ@ﬁﬁmoﬁuiﬁkékbi
BT D ERFREE N,



Space group: P2;/a, a=8.842(4) A,b=18.92(2) A,
c = 10.036(9) A, B=103.42(50° ,V = 1633(3) A?
R (1>2.00 6 (I)) = 0.0635

Fig. 1 ORTEP diagram and crystallographic parameters

Fig. 2 Molecular packing of 3

04 200

of1

i e o B
X s S AT ORGSR, = br == v - 5
b o ML 7 = = LBOR Ll 2 o =
25.82° Tl 1=(Fig. 1), WML EH O - g
BT ACVEEOER Y AR O alll S|

Fie kB E R LTz, LinL, =k

s b S TR o N s

AN B N - [ 3 =53 \
oA, BARIFEMITRICRBL T Fig. 3 Temperature dependence of 4, T(O) and

RN T EDMERB S VT (FiG. 2), 3 IZHIT DY 4,1 (A) for 3 under the applied field of 5000 Oe
?t%V/£ﬁ®& FREET 8842 A L7y  (BK-300K).
ST S o7, ZAuEES S
ﬂ: THRW T RS Z {29 —CH,OH i
SN ECTT=EEEZ NS,

e R

3 OFRIRAE G 2 W TR RINE 24T - 72, Weiss 10 = —2.9 K & 72 0 43 TRz Bt
IR BEAER DT DWW TW D, BRI —RICHET VL D7 v T 4 U T &ITD &
J/ks= —1.2K &4 F RISV SOREEMERIFE AR 23R S 7= (Fig. 3),

B
* 3 TIREMARBAIIE & 0 2T 59O RREMERIAR B 2 s L7z,
- 3 DHREAL T X MG & 0 HEIE L2/ TRtk L T o7z,



4P038
NS R ER O T T VIV DO R E T DY
(BerfikPe - #) JIP B, 6K, FATG S

Synthesis and physical properties of organic n-radical with pentacene framework
(Osaka City University) Yusuke Kawanaka, Akihiro Shimizu, Yoshio Teki
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Charge Transfer Type Molecular Rotors Based on
Aromatic Hydrocarbon Coronene

(Faculty of Agriculture, Meijo University!, Graduate School of Science, Nagoya
University?, Graduate School of Engineering, Kyoto University®, Graduate School of
Science, Hokkaido University*, LTM, Kyoto University®, iCeMS, Kyoto University®)

Yukihiro Yoshida®, Yasuhiro Shimizu?, Takeshi Yajima®, Goro Maruta®,
Sadamu Takeda®, Takaaki Hiramatsu®, Yoshiaki Nakano®,
Hiroshi Kageyama®®, Hideki Yamochi®, Gunzi Saito*
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Shear Stress Effects on Photochromic Diarylethenes
(Tokyo Univ. of Science, Yamaguchi!, Toyota Physical and Chemical Research Institute2, Muroran

Institute of Technology?®)Takeshi Inoue!, Makoto Inokuchi!, Kyuya Yakushi2, Ichimin Shirotani?
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Electronic structures and magnetic properties of novel indole trimers carrying
nitronyl nitroxides
(*Dept. of Chemistry & 2RCMS, Nagoya Univ.) Yudai Ishii*, Michio M. Matsushita®, Kunio Awaga?
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Structures and Physical Properties of [Ni(dmit),] Salts Having lon

Channel Structure
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Scheme 1 Molecular structures of 1, 2, 3(left), molecular structure of 1b(right).
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n- and p-Type Organic Thin-Film Transistors of Vanadyl Porphyrazines
and their Application to Flexible Invertors
(Nagoya Univ.) Chihiro Nanjo, Takuya Fujimoto, Michio M. Matsushita and Kunio Awaga
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Double quantum transitions of ground-state triplet
iminonitroxide-nitroxide as studied by pulsed ESR nutation spectroscopy
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Toyota'?, Daisuke Shiomi'?, Kazunobu Sato'?, Takanori Furui*, Masato Kuratsu®, Shuichi Suzuki?,
Masatoshi Kozaki', Keiji Okada', Takeji Takui'?
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Electric field modulation spectroscopy
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The Cation Radical Salt of TP-EDTT with Paramagnetic Anions
(*Dept. of Chem., Grad. School of Sci., Kyoto Univ., ZRes. Center for Low Temp. and Mater.
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Properties of Water at the Lipid-DNA Interfaces Revealed by
Heterodyne-Detected Vibrational Sum Frequency Generation
(HD-VSFG) Spectroscopy

(Molecular Spectroscopy Laboratory, RIKEN) Prashant Chandra Singh, Satoshi
Nihonyanagi, Shoichi Yamaguchi, Tahei Tahara

[Introduction]

Cationic lipids are widely used as in vitro DNA transfection vectors and show promise
as non-viral carriers for in vivo gene therapy. In solution, DNA and cationic lipids form
complexes that can enter the cell through endocytosis. Understanding and ultimately
controlling the electrostatic interactions between these lipids and DNA is therefore
essential to optimize these genetic carriers. Although numerous in vivo and in vitro
studies have been performed to explore the structural properties of the lipid-DNA
interaction, yet the molecular level understanding of this interaction is very limited.*
Vibrational spectroscopy is a useful tool to get the information about the molecular
level interactions in lipoplexes. Several groups have conducted infrared absorption
measurements of various DNA/lipid systems. However, due to the lack of inherent
surface sensitivity/specificity of infrared absorption, we still do not get clear
understanding of the complexation of DNA with lipids. In this study, we overcome the
surface specificity/sensitivity challenge by applying heterodyne-detected vibrational
sum frequency generation (HD-VSFG)? spectroscopy to gain a molecular level picture
of the interaction between DNA, lipids, and interfacial water.

[Experimental]

A narrow band visible (w;) and broadband IR (w;) beams are used for the HD-VSFG.
The SF, visible and IR beams were s-, s-, and p-polarized, respectively, (ssp
polarization). All the spectra were normalized to a quartz spectrum.
1,2-dipalmitoyl-3-trimethylammonium propane (DPTAP) was purchased as lyophilized
powders from Avanti Polar lipids. A-phage DNA (each molecule specified as 48502
base pairs in length by the manufacturer) was purchased from Sigma Aldritch. The
surface pressure was monitored continuously during the HDVSFG measurement. All
the measurements were done in liquid condensed (LC) phase of DPTAP with surface
pressure of 31 + 3 mN/m.
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[Results and Discussion]

Figure 1 shows complex 0.00[

spectra in the OH stretching
region of the DPTAP
monolayer/ aqueous solution
interfaces containing DNA at
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Two broad negative band
around 3200 cm " and 3450 cm™*
in the Im#*® spectra at 0 pM
DNA have been assigned to the
symmetric OH stretching of
hydrogen bonded water, split

by Fermi resonance with the bending overtone. The sign of the Im;((z) spectra in the
OH stretching region is negative, indicating that the water molecules at these interfaces
are oriented with their hydrogen pointing downward to bulk water. When no DNA is
added, the OH band intensity is about five times larger than that at the neat water
surface because the static electric field created by the DPTAP monolayer induces
orientation of more water molecules along the field. Addition of DNA to the DPTAP
subphase results in a reduction of water signals even at concentrations as low as 10 pM.
Around 100 pM, the signal reaches to the level of the neat air/ water interface. This
implies that already at these low concentrations, the static electric field is fully
screened by the polyanionic DNA. This result indicates that DNA reaches the interface
and has specific interaction with the lipid. As the DNA concentration increases further
(>200 pM), the sign of Im#® in the OH stretch region becomes completely positive
which shows that the orientation of the water molecules change from hydrogen down
to hydrogen up at the DPTAP interface. This flipping of water orientation at the
interface depicts that DNA makes a contact adsorption to the lipid head group and net
surface charge of the interface turn to be negative. This study clearly exhibits the
applicability and novelty of the HD-VSFG technique to get the inherent molecular
level understanding of biological interfaces.

[References]

Figure 1. Imy® spectra of air / DPTAP monolayer /
H,0 interfaces in the OH stretching frequency region
containing DNA of the concentrations at 0, 10, 30, 70,
130, 220 pM. Black dotted line shows the Imy®
spectrum of air/water interface.
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