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Introduction

Molecular bistability controllable with extemal stimuli is one of the most important properties in the realization

ofrnolecule-based devices. Especially, photo-controllable systems are appreciated as i) no elaborate contact guide

to molecules is required, ii) specific chromophores can be excited by the selection of the wavelength of light, and

iii) repetitive operations free from chemical contamination are possible.

Bistable molecular systems based on coordination compounds and organometallics have been studied

intensively. Especially, ruthenium complexes with ambidentate sulfodde ligands, such as dimethylsulfoxide

(dmso), have been re?orted to show both photochromism and electochromism based on the linkage isomerization.

Both oxidation from Rutr to Ruff and photoirradiation of the S-bound complex give rise to the O-bound isomer.

On the other hand, both rcduction from RuItr to Rutr and irradiation with another wavelength of light open a

channel to reproduction of the original S-isomer. Of noteworthy is that the isomerization behavior is accompanied

by a large negative shift of the formal potential (ro') of the Ru3*/Ru2* couple. These complexes are, howwer,

often unstable in the course ofisomerization reactions due to dmso replacement by solveot molecules. To improve

the shortcoming, those with polydentate sulfoxide ligands have been synthesized in this decade. However, most of

them lack an O- to S- photochemical channel.

Molecuhr deslsn

Under the circumstance noted above, we synthesized sweral new Rutr-sufoxide complexes. Their



isomerization activities ale influenced by their electronic and steric factors, which ane, for example, distortion of

the ground or excited state, reorganization energy, hans effect among ligands, and solv€nt effect. In my research, I
focused on the distortion and trans effects. The trans effect has been thought to strongly promote isomerization. I
designed ruthenium complexes with bi- or tri-dentate sulfoxide ligand considering their electronic and steric

efrects in ord€r to manage stable and effective isomerization reaction. Hereiq I will rrport the results of photo-

and electo-triggered isomerization of the designed complores.

Nex! I designed a functional Ru complor which responds to light and redox energy. I selected a functional

moiety so that its redox potential exists between S- and O- isomer. It means that the qrcited elechon will be

caught to the functioml moiety and the srcited isomer expected to be stabilized. I will report the photo- electro-

chemical reaction property ofthe complor with electron accepting moiety.

(Fig l)waS prepared.■ s isomerization behaviors were

compared

with [Ru(bp勁 2(pySO― MC)]2+(bpy 2,2'― bipyridine, :

pySO―Me 2-riSOpropメ S」inゴmethメ)pyridhe)1 10 1

understand the electronical eJ丑〕ct of π―cottugating

substrates on the sulfbr to isomerization.

The grolmd state complexes(S‐iSOmers)featured a

Fig l. isomerization reaction of Ru
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Fig 2.Thcrlnal rcvcrsion of IRu(bpy)2(Pyso-lИ e)l(lCft)and

IRu(bpy)20ySO_T01)]2+lright)in aCetOnc

low energy absorption inaxilnum in the electronic sPcctruln at 360 11m

and 380 11m for[Ruopガ2(pySO―MC)]2+and[RuopJ2(pySO‐ T01)]2+,

respectively.  I】 Tadiation of S― isomer by 365 111n light caused   l

intramolecular S→ O isomerization ofthe sulfo対 de moicty.During thc  :

irradiation,the intensity of the absorption corresPonding to S― isomer

dilninished,while a new peak corresponding to C)― isomer at 470 11m
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the one with distoning ligand seems to be unstable compared to[Ru(bp■ 2●ySO_MC)]2+.

Fig.3 shows a cyclic voltammogram of[Ru(bp,2CPySO― T01)]2+in Bu4NPF6~aCetone at a scan rate of O.lVs~1.

The flrst scan shows one electron oxidation at around l,30 V assignable to the Ru3+/2+couple ofthe each S―isomen

By reversing the polarity and scanning in the negative direction,no reduction wave was observed while a new

peak at around O。 40 V was appeared after the irradiation.This new wave is ascribed to the O― isoIIlc=Here l can

conclude that bol■ steric and electronic effects at the S ato■ l have little iniuence,and the chelation eJLct disturbs

the electrochemical isomerization.
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Based on the resllts noted above, I prepared two new complexes will ndentate sulfoxide ligand

[Ru(tpttfbpySO)メ   (tpy  terpyridine,  bpyS0  2‐ ((methylsulflnyl)methyl)… 6-(pyridine-2… yl)pyridine),

tRu(tpyXpicSO)12* (picSO ((methylsulfinyl)methyl)pyridine-2-carboxylic

acid ). (Fig a) They were designed with consideration of their steric structure.

Here, I focus on the trans effect. The trans effect is the electronic effect between

the ligands that are trans - directing. Ruthenium complexes forrn octahedral

coordination structure and the sulfoxide moiety in the complexes are trans

directed to nitrogen (tRu(tpy)ftpySO)1.) or oxygen (tR"(tpy)(picSO)12*). I

compared spectroscopic and electrochemical properties using these rigid

complexes with tridentate ligand to discuss steric effect for isomerization.

The initial absorption maximum in the electronic spectrum could be

associated with the ground state complex (S-isomer) (420 nm

(tRu(tpv)ftpys0)l'* (Fig 5), 42s nm ([Ru(tpy)(pics0)]). Irradiation to the

S-isomer with 405 nm light caused intramolecular S---+O linkage

isomerization of the sulfoxide moiety. (a80 nm [Ru(tpy)(bpySo112* fig S ) ,

525 nm tRu(tpv)fu icSo)l*).

Fie. 6 shows a cyclic voltammograms of tRu(tpVXbpySO)12* and
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Fig 5.UV― Vis spectra of

fRurtDV〕 rbDVS011+in acetone
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Fig 6. Cyclic voltammogram of
[Ru(tpy)(bpySO)]2* (top),

[Ru(tpy)(picSo)l 
* 

ft ouom]
in BuNPFo-acetone

IRu(tpVXpicSO)l* in BuaNPF6-acetone solution at a scan rate of 0.1 V s-r. The

first scan of both complexes showed a one electron oxidation assigned to the Ru3+/2+

couple of the S― bonded species(1.30V[Ru(tpy)(bpySO)]2■ and O.10V[Ru(tpJ(bpySO)]2+).By reversing the

polarity and scanning in the negative direction, different reduction wave was observed. S-isomers of both

complexes seems to be lost during isomerization, but O-isomer of [Ru(tpyXbpySO)]2* did not appeared. On the

other hand, the case of [Ru(tpy)(picSO)]+ was different, One oxidation wave appeared near 1.00 V in the fast scan

rate and obvious reductive wave at around 0.30 V which assigned to O-isomer appeared. The diferences in the

redox potential and electro-isomerization reaction should be derived &om the frans effect.

Photo- rnd electro{hmmlc propertier ofRu-sulfoxide complex with ElectTn rcceptins moietv

Next, I designed a functional Ru cornplex which responds to light and

redox energy. Electron migration between the excited state O-isomer and the

electron accepting moiety will be expected. N,N,N-triphenylamine (TPA)

was selected as an electron accepting moiety. A new complex Fig

tRu(tpyPA)(bpysO)l was spthesized. TPA moiety will be activated to be amine radical by one electron

oxidation.

The ground state S-isomer features absorption maximum in the electronic spectrum at 486 nm. Irradiation of

S-isomer by 432 nm light caused S---rO isomerization of the sulfoxide moiety. This absorption change for

O-isomer is shown in Fig. 8. During irradiation, the intensity of the absorption assigned to S-isomer diminished,
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7. A proposed electron transfer system



while absorption at 543 nm increased.

In Fig. 9 are shown voltammogram obtained in BuaNPF6-acetone of

[Ru(tpy-TPA)(bpySO)]'* at a scan rate of 2.0 V s-'. Th* first scan shows

one-electron oxidation near 0.75 V assigned to TPA moiety and one-electron

oxidation near 1.30 V assigned to the R '*"*, S-bonded couple. And an obvious

reductive wave which assigned to O-isomer appeared instead of reductive

wave of S-isomer. Linkage isomerization occurred upon electrical
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oxidation of the TPA moiety, which was proved by a scan at a range of 04

0.0-1.0 V in cyclic voltammeky. This behavior also suggests that an *';
En'

electron transfer took place from the S isomer to the activated acceptor. E oo

-0'l

Finally, we tried to observe the electron transfer triggered by light. -0, -
Judging」辟om the result of electrochenlical lneasurelllent,there can be Fig■ C諾

ilill:檸Xlflllキll‖乱 NPF6‐aCCtonc

two types ofelectron transfers.(Fig。 10)Both Ofthem produce the trivalent Ruthenillm

OIsomeL ttmmお hhg the TPA cation mdcJ.I obscⅣ ed Ru‖ISI■

decreasing rates ofthe TPA cation radical in the dark an

upon photoilTadiation: If the photo― induced clcctro

transfer occurs,thc decreasing rate should be faster in th

CaS0 0f phOtOilTadiatiOn.ThiSObSeWatiOnsuggestedthC    hν

l
existence of photo-triggered electron transfer. (Fig. 1l)

Conclusion
Fig 10.Schematic illustration ofthe expected clcctron transfcr

I discussed the structural and electronic effects of a series of bi―  or     l・ 0

tri-dentate sulfoxide ligands on the photo- and elecEochemical linkage

isomerization of their Ru complexes. Chelation of sulfoxide degrade the

isomerization abilities, especially the electrochemical response. On the other

hand, the trans-effect encourages isomerization. A tridentate ligand stabilizes

the Ru complex, although its rigidity disturbs isomerization at the same time.

This series of results indicates that it is possible to design photochromic Ru

complexes with more stable and more efficient linkage isomerization.

I also designed a photochromic Ru complex with a more sophisticated function. The complex can manage

electon migration induced by the linkage isomerization. Furthemrore, electron Aansfer results in stabilizing the

metastable state (O-isomer).

The present work will lead to higher firnctional molecules such as a molecular switch or a photonic sensor by

taking advantage ofthe snuctural and electronic effects I stated formerly.

[ ] B. A. McClure , l. l. Rack Angew. Chem.,Int. 8d,2009,48,8556
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