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1E13
2 53 BOG DIEFAEIE D F B 7 R R R

ORiFH #', Bl %2, Pl 2=k >°, 4R Zm
TR, BMESERRTERT ?, HORRY: S, = ) — R

[Fam] EA RIS ERR SAVTEUR[1]. A4 bSO SOSHEREE HS SE1b PRI &
STHLNCSNTE T, BEARKSRKREIX, A7y ARl EOBBHEGEL HRBAE L,
BHENE SN EEERICB N THE SN REETRE TH S, ZNEHET HICITER
S EICRO TR LE R H D | Hx REBBEGERBIENHE I TE[2, 3],

Z T, Mk E A—-X L A+B—=X B0 TFEEIC 0 FET D, BB TR ERE)N B EE
W~ D BNV SR EREIE DN 0 D IRBEROS 2 e, — BB ITII DU OIS
DAL ERRIENE EiL, £, EKISA+Cat.—X)b 2 HHICHEEND,

ZIVE T A-X BID RS & HEWRR T 5 FIED R 2 2P REE I L > TR S T
7212, 3], #%iT. Global Reaction Route Mapping (GRRM)EIZ L - T[4], A—=>X O KSHEE 2
REANCBENRR T D2 ENFREE le o7, — . A+B—X B D KGRI 2 R Aty H Bl
IS TRITE 2 HETINE THEEL RN olc, ZHUCHELTLZENTEHME—DHIEL L
T7R YT 4 THIERNAH 0 [5]. 7 FHLEOEZR Y O IG LT Wy FEm %2 THETE 5,
LU & FEFHEORT vy VRl EOEBHEGE L TR 28T < £,
EZVEFELIZHORIEERAERIICED DL ED TREMICTRTLHZ L HTERY, K
STl A+B—>X B D RUGHREE 2 R BB T C& 5 FiEERET 5,

[ 5i5] AFETIE. OSHR L2 NTH7Z force IC X > THLAHT A 9[6], 2D L&, KUS
LRV DG force D3N T235E1TIE, RUGED @ WELM A~ & 72 BEIIZFEEE TE 5
Il RISHEZ D5 FRm (LLT, BUGHERLM & FES) 2 HEIRICHRE T 5, £0 X
D RBMEEAT O ToOIT, WO ZRET D, [—EDALHIZ force 12 L > ToHp7lal 1=z #
LITITG o728 & &b LELD THIZE O TRIGTEDPHEA & 72 5, ) Z OJFRERIZHEADNT
UUFOET VEEEARE L, oM/l UCKSMER R 257,

ZieA ZjeB [(Ri + RJ) ri/']ﬁrz‘i
ZieA Z_jeB [(Ri + Rj) ’”ij]p 1)

ZIZTEFRT vy VR alZ NTRIZR force DR E S
A L BIIKIEW A BA i & jiEENEN A & B ORRLUR
o r IR EERE, RITIEEREES R, p (= O EE O
Hchsb, R()TIE, ALF HO R HIZE->Ti & joO/M
IZANTLHY7R force MR TW5D, Fio, ry HIZIX, ij BOKE
BEN TN ERE L R D EABEEDR 0> TEBY  EHELE
JRF R LD DM D L 512> TWD, AN EDH
TR M 50y (W force DI X) 135D HIHIED
MIZ K> TRED N, F OfiMEIiZ L - T, H 3 (B
ORI ZEET 5 L 5 ICHBIC TEIMIEE b L, K& 1. @FT o vl E
I ABIBL I & A O BOSPERC NSRS D0 BIEMC ) 4 aulhsBa0 F. B4
DIFET D 0 FRIGOBE . A-CHB L OB-CHIDO IR O ©aBRKREWEEDF

F=F+«

(a) £

(b) F with small &

No barrier .
(c) F with large &



! TS Product TS Product
| : [
B aa o ¢ P Avﬁ
: | og __ i M o b{ i \r&. . :
5.6 kJ/mol 948 f'mc! | 111.3 kJ/mol -78.6 kJ/mol | 152.3 kJ/mol 136.9 kJ/mol
| |
& e . :
£ Y Wg}’ i y,
oo ¥ Y | e
26.8 kJ/mol 437 kJfmal | 118.0 kJ/mol 1137 k/mal | 161.3 kJ/mol -79.1 kJ/mol
o i o~ :
P g | g / | & h‘
J g i | I & & -+
A&@ - f&, = A @ | M o 0{
583 ki/mol 1254 K/mol I 1724K00mol 770 k/mol
| | d;
"%@ po | ﬁ’@k o) «§
96.1 ki/mol | 1275k/mol -1381kymol | 1839kimol il
%, : %, : P e ?,,
wfrg X ) | b
97.8 kl/mol | 1306 kJ/mol 154kimol | 2405 k)/mol 202.7 kJfmol

X 2. AFEEIC L > THEZ, HCOOH, HCHO., I XTr, CH;NC:D =45 R

JET D ZHARIZEML, alX 135272, Wt ETHRERTH D,

AL BREIFEFOEE, RNTHEMIZ F=E+arag &725, ZOBHRICFREDLIHIT
2B EXITRT, K 1@E A L BOBOKRT v v Lk, (b) & (IZTNLENTHT force
BILOGR force #MZ T2 B D F Th b E EIZIZAMRART v v VHFIIAFTE L2V,
O TIHIHFFANHEN TS, S HIZ(c) TIXFERENTEA L, F OuIMEiz X » TARY) & E 55
HZEMTED, 1o T, —FERUSTERLAN L2 IUE, force R % (ZHIM L T > CTA L
HINCROL 2 2 S8, ARl 2 R TE 5, EHIT, TORHTM - T EERbIZh -
TeRT 2 WIBR ORI 7R B IE & 72 > TR Y . Z a2 fIHItEE & 3 oM
BRI > T, BERHMELHBLIZENTE DL, ZOEEEZ, 70 X DI ESI T kkA
PRRIIRE S 2 B AR 0 IR LAT 2 0E, A+B—=X RIS IS &2 RIS HEIER TX 5,

[ B b FEARR) 72 2 B4y i T & 5 Passerini it 2 fif AT L 7=, Passeirini 5t 1% . R,COOH.,
R,CHO, BLU, RNC:D=p5r &, LT OARTEEESE S (BRI EEA T EN D) (12
BWTEBETEAT S Z LICX Y, Ry-NH-C(O)-CHR,-O-CR,0 WA T 2 KIGETH 5[],
4B, HCOOH & HCHO, HCOOH & CH;NC:, HCHO & CH;NC:ZiRAT HatHITIA T,
IND =Wy 2 RRHIRE T 25HH bITo7z, K212, o a2RRFICREE L2 2ILEDL
AT OGRS 22 7R (/2 s BFEEEDAR N & D ZNAIT IR LT2), i b FERE DR EE O AL i,
ZORIGOHEE LTRESNTNDLIHDOTH D, i, ZHFHB LN =FHDOAEFEMIT,
ZORIEDRIERIIIHIET 5, S HIT, BEEORmWHDETED T, RHEAITHE L 22506
1RIE & BBV RRT D 2 L 3T 7=, B3LYP/6-31G L~V COFHEKMIX, 1 27 /L Xeon 7' 12
v — x5670 (6-core)Z 2CPU W TH _HE CTH - 7=,

[ffiw] 2> Ea—20hTHTEEAG L. RIS Z HEIRET L Z LB gEL o7,
[1] K. Fukui, J. Phys. Chem. 74, 4161 (1970).

[2] H. B. Schlegel, J. Comput. Chem. 24, 1514 (2003).

[3] F. Jensen, Introduction to Computational Chemistry 2nd ed., Wiley, Chichester, 2007.
[4] K. Ohno and S. Maeda, Chem. Phys. Lett. 384, 277 (2004).

[5] K. Fukui, T. Yonezawa, and H. Shingu, J. Chem. Phys. 20, 722 (1952).

[6] S.Maeda and K. Morokuma, J. Chem. Phys. 132, 241102 (2010).
[7] L.Kiirti and B. Czako, & MVEEZAR, A4S SAREG RCHNS, 25 5 M, 3, fLERA, 2009.



1E14
TR ER T AR TR 2 FI T A i A T 300(3)

(FRERILR > 27 A1, FufRILRBE Y A7 AL 2, 5UK - f@H0IgEt o 2 —3, B HET 4
Ot 1, B IIZZ0 2, RTHEL 3, REFA— 14

[F] EEDRFRLm 0, EOL D RiEmEEL &L D0k, TOMMEILE TEHD TR
THIT 5 Z L3R A S Tl (Crystal Structure Prediction:CSP) [ & FEl XL, 4 H THESR
IRfRPRIT T2 STV, Fox (TN V9 Z OB Z MRS 5720 DEFHO—> & LT, 2004
KRB, ATHEIC X - TP S - B Ekim #5215 (SHS 75 : Scaled Hypersphere Search
algorithm) & ab initio FHHEZ A5 Z L 4B L, TOHEMEEZIER LTz, SHS AL, KL
T OERE(EQREMME (TS) %, HFICHEL S FEXTER L T Z EATHER
FlETH D, Al KFELRAAH O mEEICET T 5 2 22O TOMEOERIVK 2
WET 2,

[F1E] AWF5ECld, SHS 5% B AR R OJR I 5T LT EFRBRIC, Efok1~7 b
WCHLTHEMATHZEICRY, MRk s L ToVMscEmp s s R T 5 2 L2 FEH L
TW5D, FEERSE L7 L 212D, M0 1EMNICE R E T80 NOBA . SHS 05
FpEE L LT, (B(VH3)-0)ME D ILHEERE L Z S DEAEZ FAVTREY . ZZTELIIVWTWD
JEREDH 6 12, NIRRT D HE L OFsats 1 b BT R REROEHRICKIIE LT\ D, FIpiEZ
L DBEHRARC BHR) MG Fi LA FIC B0 T b [RIBR 2R A R & VT B, BHRICIEER /RIS
FRBL AR T - [ HomAafF ek - FHRRV 2 v ¥ — OB FHERZHEA L TV 5,

U] 1, BEAAS ISP E & U CORFER %2 4 HEVCTHRTL2Z2 L1k, 2
NETICADIT S Z LD TE I EHE#EEEQI~EQT) & EB#EIE(TSO~TS6) &, ZDHHET
X, 2T LF —DOFEFEIC Gaussian03(E WM R L H#E A FTRR) 2 VW T\ 5, £z, FHRGIE
IFEEBI%L & LTIk, SVWN5/STO-3G % v i, £k E o7 EQ #i&E iz 21T, BSLYP/STO-3G
ZHOWTHEAME YD ORIV —ORELEITo T EE . FEIMNIC AT TRT, ARG
MEHEEZEAL), MER IS 15720 O = f X — (25t d 5, K1 Tk, EQ & TS {22\ T,
BNIKEF- L 4 SDORFBIRADOEE, KO EQ IZOWTHEIIMZEZE L TURT2 LN 5%
DI=DOPFF LTV D, itk L LT, #4 VEY REQOREET ST 774 MEQDM AL
PoTEY, KFEODHEDNMENHRTE X9,



Reaction Route

A S : e
N B s R ,«»’g?!‘{f"f;’;{—g
5 add yod i, et el
et WA S R e s
B \EBBa \ KR CEE
% 151 R\ M
Ehai v 153
> o 2 TS2 ‘ ,,f f/ff
F . . _ s
* -4015-85 6052 ~4oIss 5152 o —p=* il 7% :' fr”v} ? éféf’),’;j
: ' 732327 #1414y
i a3, % |25z T,
-4059.475 P2EPLy . ?
> iogaaas 4294365) -4060.329 o s -
[} (-4094.863) Q (-4094.867) '
~ EQ1 " EQ2 :
> Ps B
S U e
8 S ,ﬁj,.,ﬁ.-‘ -4063.120 b0 . A
L s, g (-4097.436) (-4098.296) (-4098.284)
}yjy*’ =B EQ4 EQ3
}.d’.v&’/” = *—= Rombohedoral AN Graphite
S22, PP ¥ Graphite -4065.234 -4065.369 i
“ s " (-4239.5138) (-4099.315) ¥
N Hexagonal . EQGd 18 .8.8
=) .ﬁ‘: S R T T, Diamangd iamond (| & &
' 0 ) % 2 F¥3
Wy uPs uPs o ° . $oye
By et gl : 2
Sy e ads " i L ¢
L85 FEa . 797329 (X
I et Fa T ot &
Q4 Rhombohedral Graphite ,6’%,‘ fﬁ
g

x

exagonal Diamond Diamond

1. RBIRFOHEMPSL Bt T3
(4Clunit; EQO~EQ7 &. TSO~TS6 (=51 7)

Uian] FabisE PRI ~DT 7 u—F L LT, SHSIENEFICH IR TIETH D Z L0
binolz, fETREIELE LCiE, BUELROFHFEICH R0 oGk r A4 —F—) 2B L TE
V. FHERFFHOBEMERZRFT O0LERDH D, TOHFRE LTL, AERKHEEE Y 27 A0
PR, MEFHET LTI XLAORRERENEZ OIS, BUEX, ZROKT « 5T ORMmICART
HEEEHL TV Z E2 A E LT, Gaussina03 TITo TWAEHEEY %2, DFTB* 9| (& & #
2 OMEEEAEDTIHY . BIEMHREZIT-o TV, Y HICIE. ZORELEO THRET D,

(F£72, AFEOZEK Y BOREMHEE~OBEAIC OV TIL, 4P032(RA X —) TOREETIE L
TW5,)

[(Z%]

D WM, Bl mTE, KRB, o FREERRR S 2009, 2P133

2) WP, W, AT KB, AEADOSKRESIRE & VR 7 £009.9.25, EHELHT)

3) H.Yamakado, H.Tokoyama, S.Maeda and K.Ohno, APCTCC-4(21-23 Dec. 2009,
Port Dickson, Malaysia) abstract, PP54

4) P, R AT, OKRER AAMESARE 90 BRFR, 2010 4F, 3E1-42

5) B.Aradi, B.Hourahine and Th.Frauenheim, JJ. Phys.Chem.A, 2007, 111(26),5678



1E15 BIKERREO ML HEAFHERVERMEORE
(SHEH' ®IEKRE® RRABtEVF—) KXBL—' REBAA® piAE’

[F 17k & <ALZEBUSREEE O A2 B BEZRIT 4 F 2L E TR RTREE ShTE A1,
oo ITHEERKAERIEIC L > TINAFREICAR D Z & 2R L2, SESEARAMBEICSALTE
7o LoaL, #ihii EOZE R(EQ) LA (TS)DIRFZIZEA L, BERHERIRIEN & D X 5 7224
Pea b oD, EDO XD RICH - RN ATREN R &, MEtORMA B 5, AN, HEKEEE
Rz b2 & &bz, EOREARFRME R O A Z G LR e wmET 2,

[ Generalized Scaled Hypersphere Search Method (GSHS i£)]

Ha i FICAAET D EQ X TS Z Ak LI o Mw};ﬁi) IS

HEWESRT D 2 & 2B X 5, EQ R TS T, AL (1 .
Wsy) 233 _XTO0 THY ., Hessian (2 RMor) O

— “'[-

EQ o
EAM A28, EQ TIXAMIE, TS TiX 1 275104 1 ADD &EBERMEEZR(SHS)%E
THIUIEHIETH D,

BHAED EQ ORI TS BMFET D &, — D EQ bt i D EQ ~LBET 51224,
FHAN T )5 7 A (Anharmonic Downward Distortion, ADD)23 3£ % (X 1), & Z T, ADD 23
RED Mm%, #HERE ECOEBROREMEOR/NE LTRIBL, BEKmORE 2R L
7N BB VR, EQ PO TS Z HEMICED ¥ CTHZ EnTE D EM/FEEIND, Ly
L. TNZEFOEREZERTITO &, 9 EATHRY, RERLIE, —iXIZH il O Hessian
(IXE G &Y | BERE B CORREIEN i/ & 72 D DI, Hessian D/ MNEFIEDEA X7
FVDIFENZ72 Y . ADD OARKRIZKIIS L2RWINS T 5,

% ZC. Hessian DAY ML Q&ZBEAM A, DFEFRTAr—L L, q=A;"? Q &H-
PR E LTEAT D L. EQ ORHIE 2 Ry £ TOHPH TrRAICEI 7 thm & 72 5,
DX TR =V LTS 2 IV TREERE PRI 21T 213, ADD 288K & 72 5 71 ih - 72
RERSFIREIZ R B, T A0S 2004 4R 12 # 45 L 7= Scaled Hypersphere Search(SHS)/E T 5[2], 7=
7ZL. ZAVE T SHS EIZ L Db BUSKREEERSE Tl Hessian OEA T v & LTHRFO
HEOMPEZ2ETeIEUERIE 2 W C& 7=, Z Z TlE. Hessian DEAXT hvEZDFEEHW
T, ADD %iB#f3 %7 /L2 Y X A% Generalized Scaled Hypersphere Search (GSHS)iA & L5 2
LI2T %, GSHS B, FFEMORT v v VBl iR 59, — A2 S EHBI% D EQ
R TS ODERFICHEHTE L Z ENMFFIND,

[GSHS £ o FPE D i ]

ZENT 2 O NEBIET 5 & &0, — b OR%, GSHS I THEWRRCTE S
ME D DEBNDTD, 1 DOTEREZ TS BRSO E TN L TR 72 2 E AR
F(re OB E T 5 LT 2HERALETHOL o7z 3 o2 o dhEc GSHS 4w L
oo FUDLMIEEEE R CT2MHD FryzAmk L, 1A BHIE LT, 2 20O E (EQ) ¥4 (TS)
AL CHEBRHTE N E 2 0E, R1LICE LD ORT, EHAEEE L, HEE »r o
2 % FEEIC O Gauss Hl(e@2), BEBfD 4 A 50T B> QuadExp Hl(e-ard), i 2 F
% 53D SR b D Lorentz B(a/(a+r2)) D 3 FEZ B L AR & THAR O 8 S 133~ CR—
& L7, FEBER SO rIZIX, EAREEO HEIEFWHM)Z 1 & LTAT — /L LIcfEE iz,



UL EIEERE R DV NSRE D & 2 DDER i
DS LIUNEQ)AS 1 21272 5. Hiv/INEQ) FV : =t
M2OMEELTH, BARLAFAREMA L, o i
TS & EQ OEEEA 103 BLFICA% L. 2 LorentzE
SOHOR/NIR SN H 720, RPV/NSIEE S
A& fEIE (Merging Zone) & 13572 V) | AR
LN HEC XM E HEER AR ko T Y
[RIX. Gauss Tl R=0.86. Lorentz %! TiX S & x E
R=0.60 TH o7z, WHDEVL, Gauss D 2 r
yagib L‘cirentz B EVTEHANELR2OT2O0 = 2 eI F(OD - KT
EHANME LT W EEZ LD,

HFOLEIEERE R DRELS RV IME 5 &, —FOEAEEO FOMLE 2T Dl )5 O BIEE A
RIS R DT, — OO EZRRETERLS 2D, R PDRETETERFR L
D3HE#% 7 5 Ik (Isolating Zone) & 1T H 72 0 | EEA[F L AEB UAH A B BIERR Al R 7o il EIR
L. Gauss Tl R=2.86 T TH D DIZ%F L, Lorentz B TiX, Gauss B ORI L V3 {5z
< BTz R=8.60 TH TS Z#%H L THLOM/NE ZD1F 5 Z ENTE T, ZOEWE, FL¥
fEETH Gauss B LV Lorentz D 1L 205 ETHENBILND > TNHTZDTH D,

QuadExp B(e- @) iE, [ 2 0 & 5 1 TAAHEA I 5 T 0 . UL HIEERE R A0 KR
(FWHM=1)LANTiX, Wby 1 RIS 50 2 [HOEADRIF/E T 5, 2. R>1 TliX, —
B OHINTIRIT DM OBEAEA 1075 LTS Y . — 5 OFRIAIHTT B4 5 O RN /NS
X5, BEOHBMm CIIFHmTH S 95, QuadExp Bd L 512 3 IRELFOENERICKRE L=
TR A1, GSHSIEIC KD B DERE L < 22N D H D Z L WbnoT-,

0.6

0.4

#£1 TLEEEER O 2 [HOERBEEOTH S 2D 3 otHiEIC 645 GSHS o1

SEZNLIE FH A B B R R °T e 72 FH A B BIER R A RE 2R
Gauss 7! 0.86=R=2.86 R<0.86 2.86<R
Lorentz 7! 0.60=R=38.60 R<0.60 8.60<R
QuadExp ! — AR

[#55®] Hessian OFEFENT X TIETHLEARE D LD, BEWICHBICOBESA TS &
E BT, —HOEZROFENMMST O CMLE F THIC8E L TUWiLiX, Hessian O EAE &
BEAT MVEFIRHT 2 BB ERmEERIE(GSHSEIZ L > T, — bt i~ & R 1%
THBEERTE D Z 1D oTc, MHABHEWRR AT A M IEREOHPAIL, EADED
DTl < EADOEEN D K VIEFICEET 51T L, RS RDH T EnbroT,

[1] F. Jensen, Introduction to Computational Chemistry, Wiley (1999).
[2] K. Ohno, S. Maeda, Chem. Phys. Lett. 384, 277 (2004); S. Maeda, K. Ohno, J. Phys. Chem. A 109,
5742 (2005); K. Ohno, S. Maeda, J. Phys. Chem. A 110, 8933 (2006).



1E16
hypersensitive

O
Ln 4" f-f
f-f
Judd-Ofelt JO t ab initio
JO Ln ff 4" 4f15d
f 3 T
_ Wg 25'+1 1 ) 2541 2
=3 53 A CTLU L) (1)
o8 u® .
1) ™ Ln f-f
T
LnX; hypersensitive ” hypersensitive f-f
Ndls
hypersensitive Nd** 100
2
JO (1) T
DC Gl
JO (1) T hypersensitive
(2)  Ta(de)
23 2
fz(dc)=%<4f\ r2‘4f> > @-8)YaLR CE, (L) @)
m=0 L
(L) L R. Ln ab initio
f-f Ln
LMCT U Ab initio f-f
(TDM) Mg (@b) = Mg (JO) + Mg (DC) + Mg (LMCT) + ...
1 T (MpEO)+Mg(DC)+ Mg (LMCT)+ ...)°
ab initio (1) T TDM
DC LMCT
(i) hypersensitive Ln (i) o T ab
initio (@8] T,(ab) DC To(dc) To(dc)
ab initio T
LnX3( Ln = Pr, Nd, Pm, Sm, Eu, Tb, Dy, Ho, Er, Tm; X =CI, Br, I) Sakai
& Ln  4f Ln*  4fN5s%5p° X 3 (ns*npd);
1 Cl f GUGA
COLUMBUS T,(dc) r’

Ln® 4N SCF X RHF



Lnl;  hypersensitive 1 T, ab initio T2(ab) DC
T2(dc) Ln T2(dc)
T2(ab) EuX; ThXs
DC
T2(dc) LMCT MLCT
(TDM)
TDM
MO AO
Me =2 (ailr Io, )(Pe X alag, [¥1) =2 (o] o (¥ [Fanas|¥) @)
i = rs =
LnXs, 4 4N Xz Xg*
TDM Mg (DC) LMCT MLCT
Hypersensitive LMCT
hypersensitive LMCT T2 (ab)
LMCT 4 1 LMCT
4N Xy Ln* TDM (MO
TDM x ( + )
( ) 0
(ii) X3
Ln LMCT EuXs
T2(ab) M g (LMCT)
Mg (DC)
LnX; hypersensitive TDM DC Mg (DC) LMCT Mg
(LMCT) (i) Mu (DC) (ii) Mg (LMCT) Mg (DC)
(iii) LMCT EuXs Mg (LMCT)
T2(dc) ab initio LMCT
T2
Lnl; f x 10° *
Ln4f¥ | Transitions i Exptl.? %0
Pr 4f *H, - °F, 74.9 40.0 =2
Nd4f | “lgp-*Gs, | 4440 | 530.0 %&20
Ho 4f' *lg - °Ge 358.5 | 500.0 15
Erapt | hse-Hup | 679 | 985 | Sy
1512 - ‘Gz 237.9 - s : LIPS
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Photochemical and Electrochemical Switching of

Diarylethenes
Aleksandar Staykov and Kazunari Yoshizawa

IMCE, Kyushu University, Motooka 744, Nishi-ku, Fukuoka 819-0395, Japan

A combined theoretical and experimental study was performed on diarylethenes' and
diarylethene-capped sexithiophenes® aiming the better understanding of the electrochemical
and photochemical ring-opening and ring-closing mechanisms. Theoretical calculations,
based on the DFT and TDDFT, suggested that the spatial distribution and the occupancy of
the frontier orbitals determines and controls the diarylethenes’ ring-opening and ring-closing
upon photoirradiation, oxidation, and reduction.” Optimized geometries, potential energy
surfaces (PES), and activation energies between the open-ring and closed-ring forms were
calculated for diarylethenes in ground state, excited states, mono- and dications. Analysis of
the frontier orbitals was employed to understand the cyclisation and cycloreversion of diaryl-
ethenes and to predict and explain the switching properties of diarylethene-capped
sexithiophene wires. The TDDFT data were verified with experimentally measured UV/Vis
spectra. The DFT calculations estimated open-shell ground states of diarylethene-capped
sexithiophene dications which were verified with EPR spectroscopy and the broadening of
the peaks in the EPR spectra were explained with the calculated singlet-triplet splitting. The
good agreement of experiments and theory allowed the understanding of switching behavior
of diarylethenes in solutions, in metal break junctions, in monolayers on metal surfaces, and
as a part of complex organic wires.

Figure 1. Investigated diarylethenes and diarylethene-capped thiophene wires.



An overview of the various different experimental data was made and a unified theory
backed up by experimental evidences, which allows us to predict easily the switching
properties of diarylethenes from the spatial distribution of their frontier orbitals was
suggested. Both, the photochemical and electrochemical ring closings, are results of bonding
interaction along the reaction coordinate within the LUMO and HOMO-1, respectively. The
photochemical and electrochemical ring openings result from thermal distortions along
torsion angles, which are favored by the anti-bonding interactions within the LUMO and
HOMO-1, respectively. Thus, the right occupation of these orbitals can lead to the desired
ring cyclization and cycloreversion. On the other hand the attachment of the diarylethenes to
metal surfaces or complex organic molecules alters either the spatial distribution of the
frontier orbitals or the probabilities for electron excitations to the desired excited states and in
this way modifies significantly the switching properties. The suggested orbital control rule
for control of switching properties can be applied to complex systems such as diarylethenes
in mechanically controllable break junction and diarylethenes as a part of organic oligomeric
wires. We performed calculations of PES of ground, cationic, and excited states with DFT
and TDDFT. The theoretical studies are calibrated and compared with experimental UV/Vis
and EPR spectra. We believe that our orbital rule will provide the experimentalists with
additional tool for more effective molecular design of nanometric scale devices.

References:
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2. Areephong, J.; Hurenkamp, J. H.; Milder, M. T. W.; Meetsma, A.; Herek, J. L.;
Browne, W. R.; Feringa, B. L. Org. Lett. 2009, 11, 721.

3. Staykov, A.; Yoshizawa, K. J. Phys. Chem. C, 2009, 113, 3826.
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