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Energy: 18 MeV

Repetition: 10 - 500 pps
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Operation modes | Max.energy | Peakcurrent | Pulselength | Repetition
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Single-bunch 40 MeV 91 nC 20 ps 60 pps E_RH=E %
Transient 40 MeV 30.6 A 5-8ns 60 pps
Steady 40 MeV 1.9A 01-4 s 60 pps
Multi-bunch 37 MeV 1.9A 0.1-8 s 30 pps
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Monochromater -.

(Nd-Fe-B):
L,=1.92m, ,=60mm, N,=32
Ge:Ga photo conductive etc. gap=120-30mm, K=0.01-1.54

Cross Czerny-Turner type
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150

120 |-

wavelength [um]
(o}
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(o))
o
\

300 32 33 3 38 40

Wiggler gap [mm]

FELYE D 451

SRESEE: 257147 m(27.572.0 THz)
REARIEILIGE  2~5% (R IRBFRIZIKTE)
(RILE :87.3% LI E (KERI®)

I7O/N)LAIR)LF— @64 m
= ~1.2ml/pulse, (/NJLAIE 4 s)
INJLRINTT— @64 m
« 300 W (¥208/8N)LR)
= 140 kW (220/\JLR)

FELFI%:>60% @100 m
JHHREFE KL ~6% @100 m
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Time resolution of pulse radiolysis:

Electron bunCh/Short laser pulse
(t-x)?

g iy g®=["e " g,®x

2 2
wenebed e als —¢—‘—> O = \/éte beam + &Iaser + étJltter

, 0 t<0
Time 9(0=1_« O<t<<(n-1)

L(n-1)

EF— NP L #/7 kD

Ex.

2 2
g(t) = \/&e peam T Oliaser O 1.1ps for Imm-thick H,0

jitter

+(n—1)€

BRI R REE/ LRSS A Y REERET 510121,
BHINILABFE—L, 1&/‘/9 GEWLWHUT L)L
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Femtosecond electron bunch

Nd:YLF picosecond laser Femtosecond laser pllllse

Time

A

N

synchronization

Femtosecond Ti:sapphire Igser

Magnetic bunch
compressor

(©)

Linear accelerator
Photocathode RF gun

e bunch: 100 ~ 400 fsin rms@0.2 ~ 1 nC
Beam size: 300 ~ 500 mm in diameter
Laser pulse: 78 fsinrms@1mJ,

Time jitter: <100 fs




mEDREAL. 2O H
—H— AT LDOFEE (MNEFD AL
RFEL—H —DFREIRIZARIB DR R

$

D LML ——DOHAREE: 0.9%(FTIL/NLRE)
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-BFE—LDEBERERTEE: 1.7%
E—LENDEE: 75um (FWHM)
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Time jitter [fs]

100

n
(]

n
S

-100 -

(o=

Time jitter between laser output and RF

By phase detection technique

Jitter: <100 fs

Synchronizing the laser to
the accelerating RF

2856MHz

1/36

Ps Laser

0.2 0.4 0.6 0.8
Time [hr]

by controlling the temperature & air shower,
using the stable LD

b

BPF

PD

S

RF gun




Stabilities of electron and laser pulses

1-1 T T T T T T I

electron charge
fs laser power

1.05 |

Charge / laser power

095 |

0.9 I | I i | L L | | ! 1 | | | | | | | | I
0 g2 0.4 0.6 0.8 1

Time [hr]

- Power stability of femtosecond laser pulse: 0.9 %
- Charge stability of femtosecond electron pulse: 1.7 %




Optical density [a.u.]

Transient absorption of hydrated electron in

0.1
0.08
0.06
0.04

0.02 |

002 |

thick water sample

Experimental conditions:

e bunch: 200 fs in rms@0.3 nC
Laser pulse: 78 fsin rms
Laser wavelength: 800 +/- 6.5 nm

0.02 .
- 0.2-mm-thick water sample |
- 0.015
=
1 = 001
2mm water | o
*  Imm water E
0.5mm water 8 0005
0.2mm water Bl = 5 at 800 nm
Lines: theoretical analysis | or —— Simulation
7 [ & Exprimental ]
| I | I L I | L | I | L L -0_005""""I""I""I""-
0 4 3 12 -500 0 500 1000 1500
. Time [fs]
Time [ps]

0.2mmADFB N JLIZEHEFUS/NEFFAHEIZR D!




Time resolution

25 — — 7 Time resolution of pulse radiolysis:
- Water sample ] w _(t_xgz
‘e, measured at 800nm 1 g(t) :j e 2o g,(t)dx
g L
iz 2 2 2
8 F 4 o= \/&e—beam + étlaser + é,[jitter
< 15 |
ER! ] 0 t<0
o - L(n-1) c
= 1|
O t
Q U-UE_"I""I""I'"'I""_
g g - 0.2-mm-thick water sample |
L e 0.015 | ]
2 05| o . _
o -- 5
(Pe— 210 fs % 0.01F
L/ 5
0 N ! ! e B 0005F
0 0.5 1 1.5 2 .::?”
Thickness of water sample [mm] o .. L — Simulation
. e * Exprimental |
Experimental conditions: 0,005 b
e bunch: 200 fsin rms@0.3 nC Time [f5]
Laser pulse: 78 fsin rms
Time jitter: <100 fs 71 LR B 73 AR RE (~ 250fs) Z 2 Ak,
2 2 2
\/éte—beam + &Iaser + étjitter ~ 250 fS



Hydrated electron

The hydrated electron was first discovered in 1962 by radiolysis.
Hart, 1962

e e_pre—sol =4 e_hyd

In the photon-ionization,

wet

"0 sO0H e —25e :(H,0) , —2—e

- _
— ehyd

7,=100~110 fs _ T _
excited state of e7, 4 (p-like)

R. Laenen et al, PRL 85, 50(2000)

Aoumplnm) E(eV) 75 (fs) 7,(fs) ref

312.5 7.9 180*X40 540=*50 Long, 1990-1991
310 8.0 110 240 Migus, 1987-1991
282 8.8 18050 540%80 Reuther, 1996
390 9.5 150*x50 500*150 McGowen, 1994

200 12.4 560 Lian, 2005




Optical density [a.u]

First observation of hydrated electron kinetics
in femtosecond time region

0.02 [
, In pulse radiolysis,
- Expriment at 800nm
0.015 -
€ % epre 9 eaq
O 1,200 fs 1,=540 fs
0.005 -
i * The hydrated electron in water
- pulse radiolysis is formed via the
0; pre-hydrated electron.
o o« o | * The formation time of hydrated
i electron is 540 fs, which is in
0005 L e Ly agreement with photoionization.
-1000 -500 0 500 1000 1500

Time [fs]

Solvation kinetics of pre-solvated/hydrated electrons in water

was observed at the first time by pulse radiolysis »



Primary process of radiation chemistry in
polyethylene and its model compounds(revised)

’
| 4




Optical density

0.06

0.05 |

0.04

0.03 |

0.02 |

0.01 | |
i
0| yuﬂ“%ﬂww

-0.01

-50 0 50 100 150 200 250 300 350
Time [ps]

Time-dependent behavior of n-dodecane cation radical

observed by subpicosecond pulse radiolysis.
Radiat. Phys. Chem., 60, 319 (2001)

— EXpPEriment
-=Simulation based on the diffusion theory



0.12

Yield and time-dependent
behavior of absorption at 800
nm are changed by adding
scavengers.

0.1

0.08

0.06

0.D. (a.u. )

RH - RH**+ +e
H+* 9 RH+

0.04

X - e + CCl, > Cl- +CCl,-

. A LIV IHEA RH+*. +TEA9
RH*= + TEA -

-100 0 100 200 300 400 500

Time (ps) Analysis by diffusion theory

Time-dependent behavior of cation radical (Smoluchowski eq.)

in femtosecond pulse radiolysis of n-
dodecane (800 nm).



@ Excited cation radical was observed by femtosecond
pulseradiolysis.

®Thelifetimeis several picoseconds.

® Thereactivity isvery high. That suggest the highly
mobile hole in several picoseconds.

Short lifetime: ps

-

High reactivity

High mobile \V

Radiation-induced Reaction Mechanism
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UV-like Mutagens
DNAIE E [C{HINAZ LT 5

ZILTEREE, ZIRRIEKEZE. ZrATSEEY.. /) EEW
(B RILLTZILTER, O—pAELY AV ELY . AF-2. ANQO)

Nucleotide Excision Repair (NER)

X—ray—like Mutagens
DNAIE EZ{EEh 9 4

BEEIE/KFE. 7ILTILIE=rOVIEEY. TILTILIEARD R ILTRV B .

HAEHERIS . 7L ILIRES
(B : AFIL=RAYSYLT AFILAZD R LR BE . BREEEF R ™ L. SAF ILEER)

Base Excision Repair (BER)
DNAZ L9 5%
FRUT7RA 2 BEEIEKEFE, /INTOA—b A FOF 7UEFRID L
Non—homologous End—Joining (NHEJ)

Homologous Recombination (HR)
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- hAORUX7r bOVIZKBDNAEE LBE
(3-Nitrobenzanthrone, NBA)

. NO,
U

O
NBA

EEBREOBRETERE(T—EILIVDY, KEPZ FOLR)
#M RS HIZ7E7E (5-11 fo/m3. 1,8-DNPER L AL
T— L REER(TA98: 208,000 [rev/nmol])(1,8-DNP: 257,000 [rev/nmol])

T. Enya et al. Env.Sci.Tech.,1997
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DNA Adductome [Z & ANBA-DNA{T IR #i%

NBA

NH,
©) . .
N
T /4
HO
‘l‘\ 0O N N
~1
u H OH HH 0O

DNA extraction
Human hepatoma

HepG2 cell
N@ \V,
O 116
| Te
8y O o é‘ﬁe"c?f?é‘":oﬁs o el

O O

O O v M Ot_)o < < (¢

_ C MS/MS LL/ 1 C
RT [min] L _
m/z RT

circle size: signal intensity

LC/MS/MS



NBAI[ZLADNAEE L EE4

32P-Postlabeling / PAGE [Z&kADNA{ A #7i%

0.01 ~1 pg/mL
3-NBA (24 h)
PAH-NH.,, - q4C o
- dA - NH-PAH
dA |
dat dc label with *2P
( Rl il dG-PAH-NH, -
A549 cells 4A
XP20S cells DNA extraction digestion / butanol extraction
k DNA from 3-NBA-treated
“ - human cells
e N

electrophoresed for 5-10 h on a nondenaturing
30% polyacrylamide gel with 1400-1500V

i L

Relative adduct labelling (RAL) =

intensity of bands from adducted nucleotides

intensity of bands from normal
nucleotides

/ A
\ ¢
S,

wn’p-NZ-CZ-ABV

dR
@3’p-NB-C2-ABA .

separation by PAGE

/

Structure-unidentified
dG3’p-X-ABA

N
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NBA-DNA{T IN{AR1R 24

OH
dG-(N2-C2)-ABA

dG-(C8-N)-ABA
dA-(N6-C2)-ABA

19C,5, °N; labeled dA/dG
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| C/MS/MSIZ & S NBA-DNAfT IR D F= Hi &

Standard curves

n
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- B dG-C8-N-3-ABA
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O
5 20 | v = 1.109x — 0.2724
; R? = 0.9996
B A0 |
Y
; | | | | | . .
0 10 20 30 40
Concentration [nM]
80 r
R+ dG-N2-C8-3-ABA

Q)
o

y=1.952x-0.1715
R? = 0.9991

Ratio of areas (a,g/ ajg)
S S

o

0 10 20 30 40
Concentration [nM]

-~J
o

: D dA-NB-C2-3-ABA

o
o O

Retention time [min]

w A
o O

y = 1.659 x - 0.04964
R2 =1.0000

Ratio of areas (a,s/ a;g)
N
o

3
-

o

0 10 20 30 A0
Concentration [nM]
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0.01ug/MLO.1ug/mE 1ug/m
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NG

dG-C8-N=3-ABA / 107 dG

—
I

0.25nh0.5h 1h 3h ©h
Treatment time [min]

)\)j| )'-N
HZN ‘
O

dG-(C8-N)-ABA

12h 24h

NBA{T IR pie D AL IR 2

—k
L=,

dG-N2-C2-3-ABA / 107 dG
=

0.01pg/nf0.1pg/mE 1ug/mL

—
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—

0.25nh0.5h 1h 3h ©6h 12h 24h
Treatment time [min]
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dA-N6-C2-3-ABA / 107 dG
S S

i

E&H & OEHEIKESE

||_:L

0.01ug/M0.1ug/mE 1ug/mL

Im L

1

12h 24h
Treatment time [min]

0.25h0.5h 1h 3h ©6h

OH

dA-(N6-C2)-ABA
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HepG2 cells (hepatoma)

140
X 120 T |
o, m Oh
< - [ = 1h
qE: 80 B 3h
E 60 oh
= 40 12h
< 24h
20
0
dG-C8-N-3-ABA  dG-N2-C2-3-ABA  dA-N6-C2-3-ABA
5 O
HNJ‘][%—E & &
HNkN N O ‘
HO- O O 0O HO - NHs NE
G — 1

NBA

o2 ia remove&fl>
0.01 pg/mL i
—— "

Treatment
Human cells

0’1’3!6112,24h — —
-
Repair _




NBAIZk BDNAS L 54

NBAD TIMAREREEBEINOITIDEED

Reis ‘

dG- (C8 N)-ABA
<NILLNH
oo e | dG-(N2-C2)-ABA | +++ oW
dG-(N2-C2)-ABA
el

NH

NN
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N J

N

HO
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OH

dA-(N6-C2)-ABA
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*NER: Nucleotide Excision Repair

H @

— N“Of&C H3

.\WI38-VA13<NER*>*
. XP20S(SV) <NER~>

uman ce

O—

electroporation

0
HN“O”C‘CHS MY 189
908 treated with N-Aco-ABA . O O
Plasmid

) recovery O O

I 3 CURT I TIND

6 Dpnl digest I O

A ]
[ _

| fi =

fAnh dl_! —
Identlflcajuon of Selection of mutated SupF Indicator E.coli
mutations

electroporation




Plasmid recovery
O

0.07

Concentration of N-Aco-ABA(mM)
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oy
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XP20S(SV)

1

WI38-VA13
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|
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3

Mutation frequency(fold)

U
|

25 ¢
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e
U
|

-

1
0

NBAGZIEIXVLAFRREEBEH#IETEEINS

XP20S(SV)
(NER-)
WI38-VA13
(NER+)
65 0.03 | X,

Concentration of N-Aco-ABA(mIVI)
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NBA[Z X

5% s

I\\

53 h

LEDIEFRE

WI38-VA13 §
(NER*) ; ﬁ %
(59plasmids) ; A
bl ol
GGTGGGSTTC GAECGGCCA AG AGéA +CTé EAETCTSCCGTCATCGACTTE GAA b TCGAATé fTCCCCCACCﬁCCA
100 110 120 1;20 140 150 15): 170 1§0
GGTGGGGTTCRCG GCCAEAGIEAGRAEACT AET%SCCGTCATCGACTTCQAA E LCSAATR%TTCCCCCACCACCA
A He AA
ﬁ ¢t ﬁ } ﬁ
A ) E
A
XP20S(SV) @ I
<NER?> hotspot
(99plasmids)

_ tandem change
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G-CoT-2
G-C—A-T
G-C—C-C

WI381VA13 A T=G-C XP20OS(SV)
(NER) AToT-A (NER")
59 plasmids A-T—>C-G 99 plqsmids'
50(%) 40 30 20 10 0 0 10 20 30 40 50

G-C—T-ANZ N
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NBA-DNA{F IR TLS & 22

JIN

i Q
5 —-CCTTCC X TCTCCC- i A
3’ -GGAAGG AGAGGG- O @
mono-modified E coli ( UVI’A/')
oligonucleotide '
replication

analysis /

phenotype sequence of progeny note

| S
3-GGAAGGTCTAGAGGG Bglll digestable
TLS (frame shift) 5-CCTTCC TCTCCC-
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Pulse Radiolysis Studies of DNA

HO —"\\\/ > e,; OH:

»SO2Z + SOy (Eqg =253.1V)

€ag~ + 82082-

dN + SO, -— dN'* + s0,/

DNA| Oligonucleotides

GAAAAAAAAAAG
CTTTTTTTTTTC Second-Order Rate Constant of Reactions

AAAAAAGAAAAAA of SO, with Deoxynucleotides
TTTTTTCTTTTTT i

AAAAAGGAAAAA

k (M5 x 10°
TTTTTCCTTTTT

AAAAAGGGAAAAA dG 6.8
TTTTTCCCTTTTT dA‘ 6.8
ATATATATATA dC 56
TATATATATAT
dT 6.4
AAATTTAAATTTAAA

TTTAAATTTAAATTT



Transient Absorption Spectra of One-electron Oxidized Form

of dG, dA, dC, and dT
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DNA-mediaed hole transport via G-hopping and A-hopping

G-Hopping A-Hopping

G A C T

Oxidation potential (V vs. NHE) 1.49 1.96 2.1 2.1

B. Giese, J. Amaudrut, A-K. Kdhler, M. Spormann, and S. Wessely, Nature 412, 318 (2001)
T. Takada, K. Kawali, X. Cai, A. Sugimoto, M. Fujitsuka, and T. Majima, J. Am. Chem. Soc. 126, 1125 (2004)
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DNA-mediated hole transport via G hopping and A hopping

/L’G A C AT G- T T T T T 7
L = - N

SN T\

e T UCTT A G A—AA A A T 5

v \

G-Hopping | k=10°~108s1 D A-Hopping |’

H

k=1010g1 °

Efficient hole transfer

1) F.D. Lewis et al. Nature 406, 51-53 (2000)
2) B. Gies et al. Nature 412, 318-320 (2001)
3) T. Takada et al. J. Am. Chem. Soc. 126, 115 (2004)

Less efficient
hole transport  (5ox Damage DNAF/H ATV Rt34+— 2005-12-28
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Sequence Dependent on Deprotonation in ODN
. 5-C GCGCGEE GCGE3

b —~ '%'AAAAAA(‘AAAAAA?
1CC 5 6cecocaeGeas 1AA 30T TTTTCTTTTTTS
2.0x 107 st 8.7 x 106 st
C;1CC ,
Gia
G3an AA =0.05 SAA ARAGGGAAAAAS
« el 3AA 3 TTTTTCCCTTTTTS
500 ns 625 nm 4.5x10°s1
Double strand k (s1)
CGC Gyec 14 X 107
TGC Gire 10 X 107
TGT . 11 X 107
AGA Gyan 87 X 106
AGGA G,an 56 X 106
AGGGA  G,,, 45 X 106

CGC >TGT > AGA > AGG > GGG




G-Hopping &R 7O L D3R E

H )

NH =~~~ N%’ 0] N\l
/\/ \( L +%/J%/N __>/\/ \<+____ Z \ N
/N%: " N>=N A ,N% >’§/>= )

"""HN

H
X X
€ G*
 — X
 — X

G-Hopping D&

k =106~108 5 1

H .
NH ==~
H

N
o---Hyn
H

oAk DERE
k =106~107 s-1

X
) — X

E3

X
G (-H")

1) F.D. Lewis et al. Nature 406, 51-53 (2000)
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CONCLUSION 2 ,<0 .
/T N—H----- Sy

A** is stabilized by stacking interactions between adjacent A bases as a dimer (AA)*

The charge resonance stabilized species AA* in DNA results in a significant
barrier to deprotonation.

Dimer k=10 X10"Mls1
Monomer freedA k=2.0 Xx10'M-1s-1




CONCLUSION I

The rapid long-distance hole transfer over long A sequences

The direct stacking between A bases
The hole delocalization between adjacent As.

1) T. Takada, K. Kawai, M. Fujitsuka, and T. Majima, J. Am. Chem. Soc. 128, 11012 (2006)
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BEHEARILIDR

— D RAX 73 —(homeopathy)., L E DHEY (RSTHR) (X
HULAEIEFEMZRIBLAERICEETEEZ,

B:/RIZAEFI

L1 p
ZEP (L-ZLv#)

AcLZELEELO
EE BEiIREFIL

] ] ] ]
1 10 100 1000
cGy(ERED

E1 BRI LEVMERLOERET L
EMRILESRET IV

[H#] Luckey T. D FERGE S WHERTRIILI AE), YR rITrA3
{1993)

1978 . SX—1)KRZEDT. D. LuckeylIMEFEETITEYT
HZRIB TSI EBZFIRBLENETREHRERILIDO R EEATS,
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Y IOR, BILEYNTHFWRHNIEVD
Shortening of life by chronic irradiation: the experimental facts. Nature, 1957; 180(4584): 456-60.

YR THMMNIEVS

The combined effects of ionizing radiation and high temperature on the longevity of the Sprague—
Dawley rat. Radiat Res, 1959; 11: 509-19.

KRFE I S ETHHRIEMMEIZES,
<) R
Radioprotection by acclimatization to cold. Nature, 1963; 198: 603.

J9XAMERFE
Gamma-radiation and longevity of the flour beetle. Radiat Res, 1957; 7(6): 551-7.

a9V LY
Current status of insect control by radiation. Science, 1956; 124(3230): 1011-2.
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BRI E T A DOHE

MIFLKIZEBESNEN) VAKITRSIRICE DR BAREEZEBSE -,

nE *EMAEXE
RAULE 1
[3H]dThd(0.1 i Ci/ml) 25
150rad(X-ray) 47 —
P<0.01
[3H]dThd(0.1 i Ci/ml) + 150rad 38 —

Hi{Hi: Science. 1984 223(4636):594-7.



R L L O SR8 G i B IR R

Time
Conditioning Interval Challenging Adaptive response

Cells treatment (h) Treatment  Mutation Survive Authors
Human lymphocytes [BH]-thymidine 6 3.0 Gy-X yes no Sanderson and

Morley (1986)
Human lymphocytes 1 cGy—-X 16 3.0 Gy-X yes ND Kelsey et al (1991)
Human lymphoblastoid 2 cGy-7 6 40 Gy-7r yes no Rigaud et a/ (1993)
(AHH-1 cells)
Human T-cell leukemia 1cGy-Y 18 2.0 Gy-v yes ND Zhou et al (1994)
(HL-60 cells)
Chinese hamster ovary X-XO (10-1 mg/ml) 24 1.5 Gy-7v yes yes Laval (1988)
(CHO cells) 3x1 h every 6 h
Mouse mammary carcinoma 1cGy-7 18 3.0 Gy-7r yes ND Zhou et al. (1993)
(SR-1 cells)
Mouse embryonic skin 2 cGy—-X 5 3.0 Gy-X yes yes Sasaki (1995)
(M5-S cells)

(Rigaud and Moustacchi, Mutat. Res. 358, 1996.2X %)



y

DFR

Gl 45 ‘xr - - Al —

TAMEGH RIS CNE

\

&
|

I!II-|

i sy

ar

)

Ay

DHELANILTEGGEXBESND,

2) IEADRIBIT R R T TLFEERETES,

3) MlRa B HAIIRFRIICEEC D,
DEFRDZVINIEERNBLETH S,
5)p38MAPK, PARP, XU pS3 B FNLETH D,

6)pS3ELFDERIEITFHICEEZTHAEE OIS,



AEHDODRAAE

T GT R I & &L

HHREL N /L DG R o I &

JKGTIRAEIN BN F 7S B R EF R DR EY

S EDFFEEEE A D H



EHREIBHICESITIOAEFEOBAFIERILEFE

Z®M1. 0.05-0.10 Gyf&5T2-2.54 A%, CEERRRSTILE
Z®M2. 0.3-0.5GyMEET9-17H#% . FEEPIEGI A E

COBRRIE. FERENSVDIFEBRFHREZTNVENET D
REDMGFHREMZDEHRIZ—HLEL, BEEMFHRIETS
MELIIRG-EVERNFET HEZTTRTELTLS,

M. YONEZAWA et al., Two types of X-ray-induced radioresistance in
mice: Presence of 4 dose ranges with distinct biological effects.

Mutation Research, 358:237-243 (1996).
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Generation of Substrate (M) Radical lons

Me*in alkylchloride solvents M*-in basic solvents
e- e

RCl W\ Hole + e, DMF W= Hole + e

RClI + e R + CI- DMF + hole—— DMF**

M + Hole Me+ M+ € 50l —— M*-

==
C6H6 _\/VV\_' Hole + €7,
Mestand M*-

in hydrocarbon M T hole—— M
in hydrocarbons 10 uM
M + e

M-

sol
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Delocalization of Positive
and Negative Charge in
Dimer Radical lons

BRIFSES. J Phys. Chem. A 2005, 109, 3531
BEIFSEDS. J Phys. Chem. A 2006, 110, 5735
gg;i L N ra ]

&=F5. Chem. Commun. accepted for publication
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Dimer Radical Cation

Stabilization of radical cation by dimer
formation with parent molecule

~ Charge Resonance (CR) Interaction

.
(MaMg)

Ma S Mg

b

CR band: Strong absorption in near-IR region

CR band: 926 nm

Benzene
1M

0.2

0.04

o,

e
Badger, B; Brocklehurst, Nature 1968, 219, 263,
Trans. Faraday Soc. 1969, 65, 2572

Peak Position of CR Band

Effect of distance and orientation

CHy~CH—CH,—CH~CHy

OG0

05|

DiF

£ K LT H ,‘;es. E a5 g
S s L B AE T oy i
02 j 8 i 02 r .
R ,"d [ s x;_y.r" J o
0 500 R w0 0 0003000
Wavelength/ nm Wavelength / nm
Short Distance
Strong< Interaction
Large Overlap

ooooo

qug(gngth!nr:\m
Yamamoto, M et al. Chem. Phys. Lett. 1989, 154, 559

Long
Weak

Small

Still, these are not ideal molecules to study transannular interaction.
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[3,]Cyclophanes

»Strain free

-More flexible than [2,]cyclophanes

[3,]Cyclophanes

[3,](1,3)CP [321(1,4)CP  [35](1,3,5)CP [3,](1,2,3,5)CP

S B E )

[341(1,2,4,5)CP [35]CP [3¢]CP [45](1,4)CP
HoX=0 k= FR=s FR=s
3
'@ -. “3 *‘?
MeSCP FlCP F3CP FGCP

Two Factors on Benzene Dimer Radical Cations (B, *):

Distance and Substituent
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B,-* of [3;]CP during PR in DCE

Black line 10 mmM @ o.20
Blue line: 2 mM 015
0.10

o)

[35](1,3,5)CP

AO.D

0.05 730 nm
000 1 1 1 1 1
400 500 600 700 800
Wavelength / nm
(b)
02+ 500 nm
a 0.1+
O- 0.0 1 P s
< 02k 730 nm
0.1
0.0 - y -
0 5 10 15 20 25

Time / 10°s

CR band is attributed to the intramolecular B,*

B,* of [3c]CP and [3]CP

[3:]CP (10 mM), (2 mM) [3,CP (<2 mM)

(=] e =\

S s | RS e

[6ICF/\ ' ! 5 0.10F [36]CP
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Stabilization Energy of B,-+

Stabilization Energy (Ecg) of B,* of [3,]CP
Substrate [3;]JCP [3:]CP [3.ICP

Acg | NM 730 696 667

Ecg/ kdmol' 820 86.0 89.7
Highly Stabilized B,*

Ecgr Of B, of Aromatic Hydrocarbons

(MaMg) :
. Substrate benze mesitylene hexamethyl [2,]CP2
A + ne benzene
MA ,"' ‘-\ MB
= .’; hver| —— Agg/NM 926 1042 1351 805
‘ _IECR Ecr/kJmol" 64.6  57.4 44.3 74.2

a Shida, T. “Electronic Absorption Spectra of Radical lons”

[3,1(1,4)CP, [3,](1,3)CP (b), and [4,](1,4)CP

@ o0.25
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0.05[™,
0.00
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A ?&?&w
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®) 0.25 +

0201 <) L
G 0.15 <
o
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0.05, ’ L

0,00 Lt sn et audshon, il (A 09000y

400 500 600 700 800 900 1000 1100
Wavelength / nm

(© 0.30

T o)

0.101 [45)(1,4)CP W

0.00 21 A L ) Ao 41
400 500 600 700 800 900 10001100

Wavelength / nm

AO.D.
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Stabilization Energy and Transannular Distance

Cyclophanes Aol AR/ Ecr/ r/ A
nm nm kJmol-t
[4,1(1,4)CP 485 1075 55.7 3.46
[3,]1(1,3)CP 491 900 66.5 3.30
[3,1(1,4)CP 480 810 73.9 3.21
[3,1(1,3,5)CP 510 730 82.0 3.06
[3,](1,2,45)CP 510 730 81.9 3.04
[3,](1,2,3,5)CP 507 710 84.3 3.03
[3;]CP 501 696 86.0 2.96
[3,]CP 519 667 89.7 2.89

Transannular Interaction in Cyclophanes

Distance (1) dependence on
the stabilization energy (£.).

[?:

46
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4.4 Q

(e]
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| | o
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@, = (IN2)(@M,")9(Mg) = p(M,)p(Mg")

Ecr oc exp(-Br)
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Substituent Effects on B,-*

+
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42 H
| L)
<
4.0 FsCP_ | | | | |
28 29 30 31 32 33 34 35

r/A

BRIRSF5. J Phys. Chem. A 2005, 109, 3531
BEIRSFS. J Phys. Chem. A 2006, 110, 5735

O

Reported Dimer Radical Anions

[2,]1(1,4)CP

l . Ishitani, A.; Nagakura, S
| Mol. Phys. 1967, 12, 1

n-electron acceptors

0.8
A

0.6
- Kochi J. K. et al J. Am.
L]
E 04 A Chem. Soc. 2003, 125,
£ - iS e 2559
2 02, /,;;:”// N
-« (= :I//_- :j t\:
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Reports on dimer radical anion are quite scarce.
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B,-- of Cyclophanes

8

Normalized Absorbance

6 5342

1

400 600 800 1000

Wavelength / nm

[321(1,3)CP(1) [32](1,4)CP (2) [33](1,3,5)CP (3)

[341(1,2,4,5)CP (4) [34](1,2,3,5)CP (5) [35]CP (6)

1200 1400

In MTHF matrix at 77 K

[BelCP (7) [221(1,4)CP (8)

Stabilization Energy of B~

Stabilization Energy of B, of [3,]CP

A/ NM  Av/ 10%cm?t r /A Eg,/kImol?
[3,](1,3)CP 1210 1.70 3.79 49.4
[3,](1,4)CP 1050 1.78 3.32 56.9
[3.1(1,3,5)CP 1010 1.79 3.15 59.3
[3,](1,2,4,5)CP 1030 257 3.11 58.1
[3,](1,2,3,5CP 972 2.19 3.09 61.6
[3:]CP 936 2.57 3.03 63.9
[3,]CP n.d. - 2.95 -
[2,](1,4)CP 814 2.08 3.01 73.5
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Transannular Distance Dependence

[2,]CP
44 |
, 8
(MaMg) il
g 4.2 65
2 ~3
\YIN Mg \5 4 e
hver —_— %4'0_ \\‘\
\ i Een B=0.35A1 7=
e Y 3.8 ' ' ' : —
NI K S 28 30 32 34 36 38 40

r/A

D, = (IN2)(@M,)p(Mg) = o(M,) (M)
Ecr o exp(-Br)

BRIRSF 5. Chem. Commun. accepted for publication

Photodissociation of
Naphtharene Dimer
Radical Cation

(Naphtharene),* + Av —

Naphtharene-* + Naphtharene

BEIRSF5. J Phys. Chem. A 2006, 770, 9319
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Energy Levels of Np** and Np,**
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