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[Abstract] The reaction between carbon dioxide (CO,) and aqueous diethanolamine (DEA)
has been investigated using ab initio free-energy calculations to understand the complicated
reaction mechanism. The standard ab initio molecular dynamics (AIMD) simulations
observed the proton extraction from an intermediate DEA zwitterion (DEAZW) by DEA only
when DEAZW and DEA approached each other. The blue moon ensemble technique
predicted the barrier-free proton extraction from DEAZW by DEA, and estimated the
free-energy barrier of 16kJ mol™' for the proton extraction from DEAZW by water molecule.
The highest free-energy barrier for the CO, absorption process was found to be the formation
of DEAZW. The overall free-energy difference reproduced the available experiments. The
experimentally estimated kinetic data were compared with the transition state theory (TST)
rate constants and diffusion-controlled rate constants. For the CO, binding, the TST rate
constant reproduced the experimental value within the statistic error of ab initio free-energy.
The proton transfer from DEAZW to DEA was explained by the diffusion-controlled reaction.
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Fig. 1. Free-energy profile for reaction of CO, in DEA aqueous solution at 300 K.

Table 1. Experimental and computed kinetic data at 300 K.

kpeazw" kg pEa” kg 20
Expt. 803-5121 218-2420 0.10-1.95
TST 5522-136463 3.74%107-5.09%10"° 2.04%10°-2.77*10°
Cale. Diffusion 4.89%10° 2442 -

*Rate constant for formation of DEAZW (1 mol™'s™).
PRate constant relevant to the proton extraction from DEAZW by DEA (I* mols™).
‘Rate constant relevant to the proton extraction from DEAZW by H,0 (I* mol ™).
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[Abstract] Abstract in English (ca. 150 words).

Interactions in the fragment molecular orbital method can be computed between
molecules and subsystems (fragments of a molecule). These interactions can be decomposed
into several components, that depend on the quantum-mechanical method used. The values
for several theories, RHF, DFT, DFTB, RHF, MP2 and CCSD(T) are compared for water
clusters. The method is applied to analyze protein-ligand interactions in solution.
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Diagrams for comprehensive molecular-orbital-based
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[Abstract] Based on first-ever quantitative orbital energies of long-range corrected density
functional theory (LC-DFT), we developed an orbital-based reaction analysis theory called
“reactive orbital energy theory (ROET)” and its diagram called “reactive orbital energy
diagram (ROED)”, which enable us to perform orbital-based reaction analyses for all kinds of
chemical reactions. The ROED is constructed on the basis of the ROET, in which conceptual
density functional theory is expanded in terms of orbital energies. This ROET can specify the
reactive orbital pairs contributing to the reaction and can determine if the reaction process is
initially driven by charge transfer (CT) or by structural change (dynamics). We applied
LC-DFT combining with a van der Waals functional to the ROET calculations and found that
more than 70% of the typical reactions are CT-driven. The ROEDs also show that even the
well-accepted frontier orbital diagram of a Diels-Alder reaction is doubtful.
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[ Abstract] In this talk, I introduce a theoretical design concept for novel optical functional
systems, i.e., nonlinear optical (NLO) and singlet fission (SF) materials, based on open-shell
character. Open-shell character y, which is well defined in quantum chemistry, is a chemical
index (0(closed-shell) <y < 1(pure open-shell singlet)) indicating “bond weakness” or “electron
correlation”. It is theoretically found that NLO properties including two-photon absorption
(TPA) are significantly enhanced in the intermediate y region. Subsequently, in collaboration
with experimentalists, we have found that atmospherically persistent diradicaloids,
bisphenalenyl molecules, exhibit gigantic TPA absorptions, which verified our design guideline.
This pioneered a new research field “open-shell NLO materials”. As another example, a
diradical-character-based design guideline for efficient SF molecules is introduced.
According to this guideline, we have found terylene as a novel SF candidate, which has been
found to be good SF systems by recent experiments.
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Theoretical Study on the Design of Vibronic Coupling

toward Efficient Singlet Fission in Terrylenes
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[Abstract] Singlet fission (SF) is a photophysical process, where a singlet exciton splits
into two triplet excitons, and has attracted much attention due to its potential to improve
photoelectric conversion efficiency in organic solar cells. Recently, several studies reported
that vibronic coupling (VC) affects SF efficiency significantly in addition to the excitation
energy matching and the electronic couplings. On the other hand, by VC density (VCD)
analysis, we can further explore the microscopic origin of VC in terms of chemical structure,
because VCD represents spatial contribution to VC by partitioning into electron density and
potential derivative contributions. In this study, using VCD analysis, we investigate the
relationship between the VC nature and chemical structures for terrylene, where efficient SF
has been predicted and observed recently. Since SF is expected to be contributed by several
different exciton states, we conduct VCD analysis for each exciton state.

[F]l > 7 vy h7 4w = (singletfission, SF) & n 4% 172 E DR
IZBWT, 1 >O—EHHHEE 723 2 D0 = EHIHJE 1125 ﬁ”#éﬁ%%ﬁm%ﬁ%ﬁ%
0. BRECRGEMOSCEA B R R EORREMN D TR AICIIE STV 5D, ﬁ%‘r
(2. SFIEFRIZBIFRT 2 bkl =k /L % —HEAL | %owt%%”@%ﬁ#ésFéﬁ
FTOREC, ARBOBETH v 7V TSN FEA ORXFHI DWW T, kR~ k
HLOWHARELN T[], ZAHDOMAIZIMA, SF @B TOEIRESRLE X
AUZPE O IR FRZIRENREF & DM BAEM, 372 BIREA A/FH (vibronic coupling, VC)
D, SFRNRICRE 2B 5252 ENHESNTEY ., BT VC O KIE SF @r“
%ﬁiéﬁ67 EMEDVRIZ S LTV D[2], L, E&%%éhk VC R [3]i

ClTxtd 522 Mm A G- DT 3 AlRE & 72 U | SF I féVCkm%%L&@%M%
;Dﬁﬁ_ﬁﬁﬁé*&ﬁ?%éio 2725 72 [4], AWFETIE, AR O53BEE%M: (=
KL —EK é)*@ﬁ%%@#SF\¥&%%éhtT)V/mﬂquCSF_%
BT DTy FRRBICRBIT D VCBEDOHNT 21T 5, £72. 7V LU B ORER
%@*%‘B%Eyﬁﬁ% %T@ L7=%7f (7.8,15,16-tetraazaterrylene, TAT) Hxf4i & L. 1k
FAEHGIC L D EIREELD VC 125 2 2 EEIZ OV TR L. SF ZEm EDi=9
@VC@mﬁh%_omf%ﬁféo

[z - AR ETFTN] AFETIZ. ETAIN =T BT AXAE, $740b6 SF



(BT % = X —YEALIZBAMR T 2 IR FEF A/EH T & % Holstein coupling |27 H 3%,
BT N B IRREm & IRENE— T\ a & DIREFAAEH DK E XV, (VC constant,
VCC) 1%, VC EEny (r) OZeRERE r iIZBIT 280l & LTk TER SN S[3],

‘w=/m%v> n(r) = A" () X va(F) )

ZZT, AP (IR RE m EBIRIRRE (2 Z TIXERECIREE) LOBTEEETHY

Vo (M IHE-TBE TR T 2 ¥ % VOIREE— K a FIANCET 2 EEKRS TH Do Mo (NI

INHORE LTERSH, EHIRE (Ap"(r) LIEFEIRE (vo(r) ThZThO
HE T TR A BE T 5, SFEFADEFREm L LT, TV LrBLD

TAT ® &1k (Fig. 1) @ SF#HIRRE S1So. B TF AL & T =4 b7 5 PHEBE
WREENIREE CT, MR T EIE L. SFICHGT2ETH v 7V T OENRKE
<7ed, rE#ITmIZ 1.2 A 395 L TENT slip-stack AlE 2T, HEAROIREE
— RFoERAEDLEE LTHEELEZ VCEERL LONVCC 25 Lz,

[#E5R - #22] Fig. 2(a), O)ITT U L, TAT ®% CT HREBIZHI1T 5 VCC DEE LR
FENFITRT, TV LT~ 500 cm™! OIRIEEEIC I W TEEZE o v — 27 23
B, —F TAT TIXRIEENERaEI 72 1) Ce < . AIEEIELGEIR (~1500cm™) 28\ T
t VCC OERHER L TWD Z Enbnh | BEBRNERFFE#)S SFIEEMRICH
F7fb M TH D ENREBEEIND, VC EEIZLD
VCC Offro—fFlE LT, miREiEkickir 255 C-
C fifEiREIT— R (Fig. 2(a), )T RHE, 7 U L1576 cnr
I, TAT: 1606 cm™) O VC % % Fig. 2(c), (AIZZ I E it
W35 (MEEDT A DOHRT), Fig. 2(c) Tidoy 42k
(AR DN > TN 28, Fig. 2(d) TAT TlIRui) 7 #
L UL VO BERRIEL TR Y, Sbic, ZHEFTE 1

Tﬁ@: £ Va(r) 0)%“:% SO &S AR EEDIENIZ RN Fig. 1. Dimer model of terrylene
LTCWD I EPNHB L, sEEY RHRET D, (X = CH) and TAT (X = N).
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Fig. 2. Absolute values of VCC in CT states for (a) terrylene and (b) TAT, VCD in the cationic states of the
monomer for (c) terrylene at 1576 cm! and (d) TAT at 1606 cm! with isosurface of 5 x 103 a.u. (indicated by
arrows in Fig. 2(a) and 2(b), respectively).
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Development of Quinoidal Index for Designing of

Narrow-Bandgap polymers
oYoshihiro Hayashi, Ryoma Sasaki, Susumu Kawauchi
School of Materials and Chemical Technology, Tokyo Institute of Technology, Japan

[Abstract] An index based on energetics for designing narrow-bandgap polymers was
developed. It is known that a conjugated polymer having an intermediate structure between an
aromatic type and a quinoid type monomer unit exhibits a narrow-bandgap. In this study, a
simple index for designing narrow-bandgap polymers was developed by evaluating the
stability of quinoid form of monomer units with an isodosmic reaction. Since this index can
be calculated only from monomer calculation, it can be calculated more easily and faster than
conventional index based on the bond alternation that requires PBC calculation. In addition,
this index can be uniquely determined for polymers containing heterocyclic rings and
polycyclic units which are difficult to evaluate with conventional indexes. Furthermore, this
index can be applied to copolymers, and it was also possible to select the suitable combination
of monomers to design narrow-bandgap copolymers.

[FF] &5 B8RO MERRIZE DRy RE v » 723
SHEAFT 5. By KX v v 7 &aF OGHEE O — \ﬂ S
DI, HHREMLE X A FRIOPRIEEZ BE+ 7 -

T —FPREEINTWDH[L3]. 2L, ZokH7% n n
SR AN /NI L, AN/ NI VDT EFe Fig. 1. Chemical and resonance
VREYw FE ST LD, Bl Fig. 1 125 structure of poly(isothianaphthene).
poly(isothianaphthene) i3/ X R¥ ¥ v 7 (1.0eV) mHo+Th O, HHEEME X ) A

RERIOPHEEETH L [2]. ZORFHEFHIES S @muFRHEFO DI, #EA
BICESHEERRERZR STV D3]

AWFZETIE, B FELTDO LD TIIRLS, T/ ~—DA YT A v 7 Rsx vz
RN R v v T PRREE 2R E T D[4]. 20 X 5 24651, MG 8 oMiElc
RO FHIREE L > L EBRBREGATEETFROLRO &GS TS L TH —FICR
HHIENTED. £, ZORBEZREGEONY Xy v 7 PRICEA 52 &
INTEIUL, PN PR Y v T HRIT H0OIHKERE /) ~— DAEDOEZES
ZLLARELRD.

(K] Ay Ko7 DS oF QS AN
o Lcrge W) T T T
CRFA VTR v 7 Fig. 2. Isodesmic reaction of a dimethylated monomer with oligo-acetylene
FOSD TN F =2z v, Thvae /A MELET R /LF— (QSE) &L ERR L.
QSE N IEfECTHIIE, Mok Liz & 2 ICHFFRIMEEL LV, AETHIEIT /A
RS Z LD EZBNSD. FHEICIE Gaussian 09 % VY, QSE DFHHEIZIE
©B97X-D/6-311G(d,p), 7 > K¥ ¥ v 7™ PBC #% (213 B3LYP/6-31G(d,p) & FH v 7=.



[FER - BL)] 268 FEOKRERY v—DN R¥ ¥ v FOEEE%, QSElCxt LT
2y FL7Eb D% Fig. 31277, QSE=0 I TRy R¥ ¥ v FIxIK & 7> 7. QSE
= 0 DIRREITFHFRA L X/ 4 FMloOFHMNeEETHLZ LERLTND. Thb
B, QSE =0 fHI CTIHEARBRN/ NS RN Ry v T L 7pootEZ2 DD,
QSE EAHRERY—DNU Ry v TORMREHEROES DT L ZEROES 1257
FTC7ay hLiEZ A, ZBROED TOIEO BRERED QSE TH LAY R
Yo L ElRoln. ZDOZEMNS QSEIZIEY A AR NH D Z LRI T,
ZZT, B/ V=D B FREMNT, QSE DY A XNREAHIE LTz, Fig. 4 IThR %
IRIRERY =D KX v v TOFHEMEE YA AMIEHE & QSE (QSEsc) 1Zx LT
7wy h L7 QSE & ik LT QSEsclImr DNy R¥ v v 7 OFHEAE & O]
BNESNT. ZDZ D, QSE BNy ¥y v 7 2 FllT 512130 A X4 IE
NEFETHDHZ LNy T-.
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Fig. 3. Correlation between QSE and a bandgap

Fig. 4. Correlation between size-corrected QSE
in 268 homopolymers.

(QSEsc) and a bandgap in 268 homopolymers.

S 51T, QSE & QSEsc #ARX HALHEAMRA~ILIE L7z, RAEILEESARD QSE (QSEco)
KN QSEsc (QSEscco) 1L, #ipkd 5F / ~—D QSE M N QSEsc D VHETH 5 &1
E L7, Fig. 5 ICkix 72 X BEIEEIRDO /N RX v » 7O HAE % QSEco & QSEscco
kLT ey b L7, RAEIEAMIZIHE W T QSEco & Y QSEsc.co 78 0 1T Thx
BN KX v v T e lpoTa, ZOREND, ANV Ry v PORAILESKRER
9 5121%, QSEco M 0 f1iric7e b ko / ~—%&fAAbLED LWV, N RF¥
¥ v TSI RREIO T D OFRHNE DAL, B SCEEME 2 X DR OFERINEY B
HBETDH.
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between QSEsc co and a band gap of the alternate copolymers.
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Theoretical study of vapochromism and spin transition of
Nickel(I1)-quinonoid complex: Selectivity of molecule in crystal
oMasayuki Nakagaki', Naoki Nakatani?, Shigeyoshi Sakaki'

! Fukui Institute for Fundamental Chemistry, Kyoto University, Japan
2 Faculty of Science, Hokkaido University, Japan

[Abstract] Nickel(1) complex with methylamino quinonoid ([Ni(HL™®),]) induces color
change by methanol coordination in crystal, which comes from spin transition from singlet to
triplet. This spin transition does not occur by other volatile organic compounds (VOCs). The
similar ethylamino quinonoid analogue ([Ni(HL®),]) cannot induce it. DFT optimization
provided different coordination structure for these two Ni complexes in crystal: methanol
coordinates to Ni atom and makes hydrogen bond with quinonoid ligand of neighboring Ni
complex in [Ni(HL"®),] crystal but only hydrogen bond is formed in [Ni(HL®),]. CASPT2
calculation reproduced absorption peak of square planar Ni complex in CH,Cl, solution and
blue shift of visible reason absorption by methanol coordination in crystal.

[FF] in, MESO I N—F 2L F ) A REBRNAFE LTHE- Ni $KicA %
— NV RRETDH &Trf*aaﬂﬁéﬁ“é/\%d“& I XLABERHRE SN
(Scheme 1) [1], ZAUIAZ /) — WA FBEALTHZ LITE D NiJFRF23 1 HIE)NDS 3
HEANAE VB EZEZ 7720 THYD , BIELTO RS SRR, ZOAE ViR
%@%?w7i/%mHRRM®%%O%//4F%W?E:éﬁ TFLT I
(R=Et) % & 85K CITBH S L2, F R R

| |
oo A — LI DR RS %wm»Hljm/ggf RN
TRV VIEBITE Z 5720, RIS o \N l}l OIIO/|\WII;H

FHE)JJ%%E&D )KA/ﬁ—- %'HT F'+ P ple _ - :
ur ETR orange! -+ -

J: 9] N NRART 8\ XA% Eié .% singlet -‘I-l,—ﬂ—_'l-l. triplet i -
(ZOWTHRET Z ATV I A T R v K R = H, Me, Et )= MeOH, EtOH, CH,CN

ONZ DI HOWTIEEN 2B 25 A T, Scheme 1

[BHE ] MO R DT I ) HEHS350F 7 /A4 RO Ni & RIZBI LT, ¥
) A RENEFDFADEE E VOC 2 57 F035ENL L 7255 12 DWW Tl i ad e OV 1
%L@W@M%ﬁotoFm%L®WEMi$ﬁ&%E&HED3ﬂ%@%%wtm
FEPLEA L TIT - 72, KAH LT QMIMM 5% R M*E.E.EP@ Ni SR O E i bz
ﬁBﬂXWDBﬂ%@%%Wﬁo@EiZﬂﬁ;0%+ ZiX CASPT2 & W =, IR
PEFIEIZ I o B 2 7 %ﬁﬁﬂﬁf%émﬂ%ﬁ%ﬁ<mﬁ%@4o@d%ﬁkm
EHD $JLJE %fﬁﬁb\t(18 BT 14 §uE), Ni 51 OWNEE 113 Stuttgart-Dresden-Bonn 0)
ECP TEx#iz . JFAM#HEIZIX triple zeta FEERIEZ HV =, T DD+
cc-pvDZ & H e,

[F55 - B8] IZROHETIE, 7V EOBEWVCEDLT NI &A% ) —L
KR H ) —L15FHT- 0 OfEE = R F—IT 12.4-14.0 kcal/mol TV K E 72E
WITR. BN o T2, —FH, B TFICRB W I ESORE G = R L X —|ZHHE /&)



Ronil, ATFNT I ERXAZ ) —)VOMAEDLE T, Ni JRHIFINR & FEED
6 Bl & a & D, ZDRAX ) — NV IERERCEET 285K X 7 /A FlENL 1 &
KEREA Z TR % (Figure 1a), & / — /Ly 1 CTIEEATL T & OKEREA TR S
L7, Ni-O O 2.73A & IEHI12E < (Figure 1b), &G %L ¥ —1% 3.0 kcal/mol
EFIK NIDAEREBIZ T EHEOEE TH D, ZOMRIL, =& ) — /L TIERA R
70 I RALBRPBIR S NIRRT ERFER L —ET 5, =F 7 I HEEARTIL,
AL )=V Ni IZBAE U7t & BT & KRFBREB TR LTEE D 2 O3 6
oM, BEDOHINL LT TH - = (Figure 1c), R=Et %A TlL VOC & £ 72\ kil
(BTSSR OB --BUAZ 7R O 4y FRIFE AAER N KR E <. Ni JRF~DEfL
WZ K DEEZITZE DM BERH 2D ST LEIZORFIZRD EEZHND,

W Rl B U C e 4 BUAZ SR K OB T BB DY 7 1 A 2 IR T ORI
AT MR HE STV SH[2], DFT (ETITHWDIRERIC L > THRERDSA KE SR
705, T RV —IT-DWTIE BLYP 2@ Pure functional {33 /NgEA 9~ 2 8 1) 25 L
SN 5N, EBRMIZHEMIT W, A& Ni $5RDFI = %L ¥ — 021X Hybrid
functional 7% X U ViE 54 5 %2 7-(Table 1), CASPT2 iEl%. EZ1 & Ni s {A1L|Z 0.15eV
DINORRZETRINE =R —%2 B LT, fimFP ORET RV —ITA ¥ ) —/VEAML
128D 256 eV b 266 eV ~EHEEMIZY T R LT, TS0 Ea»s TS
N5Y7 hokmeE BT 5, EaaghRix 4 BNsEA0.02eV)E Y & 6 FAASEATK
X1 (0.11 eV), 6 BLAZSEIR CIXBEEET 5 Ni $ERICEINL T D A & ) — W DSEAL 1 & KR
EETH-DEEZLND,

(2) R = Me, X = MeOH (b) R = Me, X = EtOH (c) R = Et, X = MeOH

2.7261&\%‘]'7051& 4.312A§ E/‘

u" ”, /p.

d ," f EJ / ‘)’-\e ‘\t
\i 20818 \\{

/78.1°
Figure 1 . Optimized structure in crystal calculated by QM/MM method.[3]

Table 1. Excitation energies (eV) to the lowest excited state with large oscillator strength?
calculated by DFT method with various functionals and CASPT2 method.

H,LM* [Ni(HL"),] [Ni(HL™);] + (2MeOH)
gas solution gas solution crystal gas solution crystal

B3LYP  4.037 3.811 2896 2.802 2833 3425 3350 3.379

BLYP 3716 3470 2017 1.937 2.445  2.383
LC-BLYP 4.620 4432 4159 3.990 4511 4.325

MO06 4120  3.908  3.097 3.032 3.674 3.584

MO6L 3959 3704 2191 2.100 2.697 2.651
CASPT2 3325 3637 2535 2516 2556 2553 2450 2.662

exp. 3.54 2.38

a) f>0.1 for DFT and f > 0.01 for CASPT2

[ 3CHR] [1]P. Kar et al. Angew. Chem. Int. Ed. 2017, 56, 2345 —2349.
[2] P. Braunstein et al. J. Am. Chem. Soc. 2003, 125, 12246-12256.
[3] S. Aono and S. Sakaki, Chem. Phys. Lett. 2012, 544, 77-82.
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Theoretical Study on Faraday Effect in Open-Shell Singlet Systems
oShota Takamuku, Masayoshi Nakano
Department of Materials Engineering Science, Graduate School of Engineering Science,
Osaka University

[ Abstract] In previous studies, we have investigated the relationship between the electronic
structure, especially open-shell singlet nature, and the nonlinear optical properties. From the
results, we obtain the design guideline “intermediate open-shell nature” for enhancing the
nonlinear optical properties based on the strong correlations between the diradical character
() and the excitation properties. Such excitation properties are also known to relate with the
Faraday effect, which is a kind of magneto-optical phenomena. Then, we achieve a
speculation that we can also control Faraday effect and construct a design guideline for
Faraday effect based on the diradical character. To verify this speculation, we conducted
quantum chemical calculations for Verdet constant (7), which is the property for the Faraday
constant, using a stretched H2 model. It is found that the J also correlates with y and the
magnitude of /" has a maximum in the intermediate diradical character region.

(7]

Faraday ) RIFEXICFRIRO—2>THY | L7 br =7 Z~DJSHPBFRF S
TWAHBRTH L, T EFEBTHITITRKEZ 7L Faraday 2h 3% 7~k 7 (Verdet (V)
DRESDREWVEPLETHY | BEERERZTLOE L TEREDED N TET,
Rl T m/\%%’ﬁﬁz%ﬁ% BWTRERVERTOMEORE[NDN2SND
JZ NI o Tes, - LoUL TORE - FEHFE B IIR 7S+ 2 ITEB S T2y,

T, Fex 1XE IR @F'aﬁ i%% L7z, mlE M7 IERIE LB O 43 1% EHE
HERBLTEL[2], HBROBEBFREEZHFEMASTOEELE LTI IOIVRT y

(FABDEFIRETy =0, T2 _n’i/\b)ﬁ%%ﬁ L2l oEFIREETy=1) &M
W, 2U A R TUHNETIVOMN G, y 1T RV F =R T e 8T —
ERHHBET D Z Enbhol, TERIC Yy IR (O LUV TR
SRRER) ORISR S AL, y SRR EZ & ORI T m W IR B L R R 2 o

EWV T LWEREHRBEL NS BT, Verdet EE S 0 FOREER: & BRI 572, JE
PRI ICF R DS E & RIERIC PR IC KX DR GHESI OMEL IR SN D,

% 2 CAMFETIL, Verdet B4 & F%'?J*’“‘ik DOBEREH LN THZEEHMEL, »
Z PR O Bt E T TE 2 Ho Rl E7 v 2 vy, BisktE & Verdet EEDHH
B4\ b5 EE 2 O TRET LTz,

[BrH k]



H 5 ¥ O FEBER) 2 0.3-4.0 A OB TA LS EL 2 LTy 28k sEd, 4%
FEEEIC BT D y B L O Verdet '8 % . Full-Cl/aug-cc-pVQZ ¥EIZ L W HH L7z, Verdet
EBUIAT T 2O RN F—IURET D720, AFFETI 0.5-3.5 eV DI TASDL:
TR =BT EEH L, &

#1213 DALTON % v 7z, 1.0
0.8

[#ER - BE] _os

Figure 1 1345 FMBEEECR T2 T 00 <
WRT y O RT, TR R R (R ~ o4
0.75 A)Ty=0.021 DIZIFHABZRTHY, =2 0.2
MO RDOERELEHITYyIFHERL, R=40 0.0 1 2 3 4
A Ty =0977 DIXTEEHHDOEIKRE~ R [A]

BT B BT, AR TH
DM E I > TSR B BEAEAH 2395 Figure 1. Relationship between diradical
Fo TN Z L EHIEL TN D, character y and inter atomic distance R.
Figure 2 (3B AHET XL F—I281T 5|V
DO RIEFMEEZRLIEZLDTHD, HFONTRERNL, ETOAF TR LF—IZB
T, R<19A OFEMTIZIRDOERE EBIZVMHERMERTE2E, R=19A TV
PIBEREZ & D R> 1.9 AlZBWTIZR DHRE & HIZ|D IR
L2 EBMABMNE TR o, BRBIEL DRRE LV FERICIHN D720, S ASET 1L
F—ZBIT DIV y kML 71~ L7z (Figure3), ZOREENS LA LR LD
(2. PAFRREI N D y MSHER T DI OV EER L, W 7 Bt 2 3 5 fEik(y
= 0.353)ITBWVTHRKAZIY . ENLRE y OHEKITHES TR T 52 &
Moo Tz, IZIXPABROTEE T H 2 PHE MR T (R=0.75A,y=0.021) TOV]
[ZHERT, [V ORBKRAEIE 5 (FRRE DO RN A LI, AR F—2R35eVDL X
IZ S8 ERRE Ll b RE R RE R LT, 2KV, Verdet N7 VHNVIAF y
EHRBI L., TR E A AT DB TRAELZ R D Z &R LN E roTz, M
IRRERE DFEATRE R IC DWW IS B HRET 5,

— hw =0.5eV — hw =0.5eV
— 1.001 hw=1.0eV — 1.001 hw=1.0eV
= — hw=15eV S — hw=15eV
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Figure 2. Dependence of inter atomic Figure 3. Dependence of diradical
distance R and Verdet constant V" in each character y and Verdet constant V" in each
induced light energy. induced light energy.
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Theoretical Study on the Optical Response Properties of Infinite

One-Dimensional Systems Composed of Open-Shell Molecules
oRyohei Kishi!, Takayoshi Tonami!, Masaki Yamane!, Kenji Okada!, Masayoshi Nakano!
! Graduate School of Engineering Science, Osaka University, Japan

[Abstract] Unique covalent-like intermolecular interactions between open-shell molecular
species are expected to affect the physico-chemical properties in their aggregates or in
solid-state like molecular crystals. In the present study, we focus on the nonlinear optical
response properties of infinite one-dimensional systems composed of open-shell singlet
diphenalenyl diradical molecules by the band-structure calculations combined with the
nonlinear response theories based on the broken-symmetry density functional theory method.
After the examination of numerical accuracy, we discuss effects of intermolecular interactions
on the nonlinear optical properties of infinite one-dimensional open-shell molecular crystals.

[F]

WA, BER M 2T 50 FOWEM B ~DIS KT 28RN EE > T\ b, 1Ek
MO BN TWAFBAY VT aa=y b &T 550 TR EHIEE T 2098120 2,
PRI —EEMZRRDOE T D8R MMEEZIEH T DM ENEAIIThTE 12,
Hoxld, ZETEHERD TSROE TS &N EREOBMRICER L, FH
VT U ANEE RO TSRO ZIRIERIE LT (NLO) HrtEDs, PAR Y T-R058 26k
TTRELMEBLTELIEKRKTHZ L, BIXOZOW KR Z M LT-[1], —7H.
NLO #ktE LTOIEHZE 25 ETlL, BT LV TOMWEN, 53~ 71
FRIZBIT D NLO RO RIZOR N 20 EMetd 5 2 ENEETH D, ARIFFE T,
BRI T B2 b TR EZ R SR E L, 2=y MIN — o® 1 IRITIERR D NLO
FEMEIZOW TR T 2. 2O X ) RRITERIHEEDZEONTEY  flxiXy 7 =7
V=7 U HN5F IDPL (Fig. 1) (&, #iabtH T 1 KT slipped-stacking BB it 2
BT 22 EnNmbnTnD 2 iV &5 0 FMo 7 = F L=V ERE I, 3.1~3.2
ABREO/NSpan AKX v TS, BSOS T AEH I RIE S
523, 2O EnG, w7 vl NLO FEICBIT 2 B0 T455H O 4y MM AR
ISk 2R/ SN 5[3],

NOHRIZHES 2= FHT2 0 O NLO J&EF EOWNF ML, — Iy THHEAEE-
RV AT R 20 E PRSI N4]. N BIKD 7 T 2 X RO R 2 T2 4MEEIC
LD FHNIIRE I N TOFHENLEL 2D BE Tid/ew, £ 2T, EaaoHrE %
BRE LI FEEFTREIC I 2P TN EE L 725, &iIE. Broken-symmetry DFT
B X DBBRD N MEERR & GF) SIS ERRICE S (B) oimitElk
D, N RS R 7 1 /' F 5 CRYSTALL7 I3 Sz [5], Lo L BARH) 722 BRE R
~ADISHIZ. 72T L= VE ) SO IND g A v 7B IRITERZOIIZE EE Y
[5]. IDPL @ X 9 7253+ n o & FHMED Frn—%3 2 X 5 2R T
FHPEAELE-FF B DWW TR TH D, & 2 TAMIETIL, /N REERHE
70 7T M X DB R R ORI OW TR L, BIRRS0 B 7 B rERE
ih D NLO Bz W CigRRT D,



[5¥:]
AWFFE T, 1 RTHERR TOEFHE A, CRYSTALL7 Z W2 Ny REEEEFEIC LY
179, ZORE, §rY GF) BN FINE &I coupled-perturbed Kohn-Sham (CPKS) %
IS S IR ISOIEIC L W B4 5, CRYSTAL17 O/ RAEEEFHHE TlE. Gauss
AO i L AA 7= Bloch B A H W TR fhiE 2 B3 5729, Gaussian @D X
9 72 Gauss ! AQO BJEZ HWTZARADFHHE LFE L L~V TORBNAEETH D, K
WFFECIE, o CIIHRM OB Z RS, A T 1 KT slipped-stacking B EHIR A
pua BT 5 2 ERHI BTV S IDPL #5351k (Fig. 1a, 1B) [2]0 =¥ NLO it %k
5, T2 TRV Y = = VA IKFETE EH X 72E T V5% (Fig. 1a, 1A; y = 0.685
at the LC-UBLYP/6-31G* level) #f¢fH L7=, HEROHEEKE({L % RB3LYP/6-311G*
LUV TITV, slipped-stacking B N #&1KE7 /L IDPL(N)IL, M»WE 9D 7 =F L=/
BROHODRBR T2/ 2 CTHTIC R D X O BlE U, wriffiERE D 2308925 2 & TR
L7z (Fig. 1b), &b 7=EEE S L1, y IOV T, Gaussian 09 & V72 N &IRD
77 ALEE (N=1~11) IZBITH4R L. CRYSTALL7 & W IERR (N — o)
DOFERZHE LT=, 7 7 AXFHFETIL, v X CPKS & TR R D T IR R O A &
DI ESG T HBUEE LR Lz, Ny REERTE TR, 1 2=y e H
eV 13 FE72D L0 EL (Fig. 1b), 1 RIS DFHWAIZIEL 500 A DK E S
o=y heAEHWE, £, Kk SOY T o ST ORI O E 2 ER
L72[5], BAEDFRIT LC-UBLYP (1= 0.33 bohr!) L' ~L THEi &4 D AO FLJE ISR % 1
WTITo 72, TRTOFHEIZEW T, B/ 31T B-convention (2 X % EFE[6]1& Tz,
[#EF - BE]
R R CORFEA R A MGET 572012, £771% STO-3G FIERECR iRt D %
31A L LTEEGAIZOWT NEERD Y 7 A X2 FHREOR R A i LTz, Fig. 2 (Z IDPL(N)
(N =1~ 11)@ X $Elﬂjir"ﬂﬁiéj\@%:%§7\$@$ Yaoxxx ZP%EJ?&')f: AYxxxx(N) = 'Yxxxx(N)
— Yoo N-1)D NARIFEZR R T, ZORER LD | Ay W)IE N=8 BIEN LR A IZIUE L
TWLSERFRROENTZ, N=1~ 11 OHiPHT Ayea(N) = a — b exp(-eN)DBEEIE T T «
v T 4 7 LTeiER (Fig. 2) o AMEE Ayxad N — ) 15590 x 10° au. & PRI LI,
— 7. N REEFEN S ESEREH L=y FH72 0 Dy 1% 5.86 x 106 a.u.
ERY | WEOMIAET 1% N ERoT, Lo T, BRLIEZ2=y FEILVORE
RkBOV TV TE, KR L AIMIBW T+ oRYThHL EEXLND,
E v —TOHFEMEEIT 1.00x 10°a.u.TH Y ,LC-UBLYP/STO-3G L~V DFHH TiX,
1 RICIERADIZRRIZ KV 6 [EFEEDHN 2= FHT2 0 D v EOHERKNE LD
R Lo, —JF, Table 1 (IR T N=1~3 TDV 7 ALZHREDHEENS, FEERH
BOBEPUZ LY | #EHE L & BITHRELPORE L BT B2 615([57], % H
F 3 RIEESC BRI E 2 Slc oW T b T 2 TETH D,
(a) (b) 6x10°
5x10° 1 Table 1. Basis set

()

? 3 4y 1 dependence of Ayrc(N)
O’O W %3”06’ [10° a.u.].

J

520 N STO-3G  6-31G*

Unit cell 1x10°4 i
BRI . 1 1.00 1.55
=y 2 284 6.06
Fig. 1. Structures of IDPL derivatives (a) and Fig. 2. N dependence of Ayxu(N) 3 425 11.3
IDPL slipped stacking model (b). (plots) and its fitting curve (line)

at the LC-UBLYP/STO-3G level.
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