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A new spectroscopic research of radiation induced dam-
age on DNA and its constituent molecules is proposed,
which is made possible using a liquid microjet technique
for bio-solution under vacuum in combination with
synchrotron-radiation aided site-selective excitation. The
latter part of the proposal article describes the present
state of research on the selective primary radiation
interaction by looking at base moieties of nucleotides.
X-ray absorption near edge structure (XANES) spectra
at energies around the nitrogen K-edge for nucleotides,
(AMP),
cytidine-5’-monophosophate

adenosine-5’-monophosphate guanosine-5’-
monophosophate (GMP),
(CMP), and adenosine-5’-triphosphate (ATP) in aqueous
solutions are presented. Selective excitation of a base moi-
ety using a synchrotron radiation allows us to investigate
the interaction of the base moiety with water solvent. We
discuss the change of spectral character of XANES which
reveals to the structural change of the base moiety under
different pH environmental condition of water solution.
Through the present research a scope for cooperative

direct and indirect primary radiation effets is given.

Keywords: liquid microjet, DNA, nucleotide, site-
selective synchrotron-radiation irradiation, X-ray Absorp-

tion Near Edge Structure (XANES)

Liquid microjet synchrotron-radiation spectroscopy for bio-
molecules in water solution II

Hiroyuki Suimapa and Masatoshi Ukar* (Department of Applied
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AR IC B W T, HARET IR TR & ot
FPFZEIC & DD T 3, Ak 1, K< DNA O
FRIEME B3 2 RFRE TS R I 72 0 eS8 0 H 1 & B,
Z L CHFEBIZ DO BUR IO WT, KIZDOWTORSE%
AT LK DMLY, BiETIE, FiHfINn
rhkEHWTE N, DNA BREEZETH 2 X 7
LA F FOFERICOWTIER 2,

AfFEHITIX, DNA, RNA &\ o 728 B ERYE DK
FHRIBG IC B 2 EEIR 2B RE L, SR L
THHT 2D 0o OYHEDORKEMNTH L X 7
LAF RTHD, 27 VLAF FIIKBIERL, B (DNA
TIETFTAXFLUAR—A, RNATIRYAR—R), 8L
) UBE»S %5501 ChY (Figure 1), V VgL FED
I AT NUEEAIZ X ) DNA, RNA OFIREER S 5
NTw3, B 7% & TKIBRS TR 280X
B > v 7 v b u Vg I X % 965D
RIS OWIETH 5.

Hif Cb 72 X 912, fMilEd o DNA X, o T1HE
DI & & HITZ DRPIFAET 2KEREGDF Y b
7 =712k ) SEICHE SN REMEDH Y HEE
Bz ey pRiEORErS 2 L EZ NS, F
72, URERIC X o THld S 7 e GIRIE DS B IR RE
N ERERIT 2RI, ORERIE ST O & FIREE I T
ZHHEERH 2 LEZ OB, Z I THRAHRIAS %
DFEMBIRIC BT 2 AN ZEARED AR - HH % R
FIBIIBEET 2 2 L 2L TR I L 22w
5 - BV 2RI KSR 2 H S i §
L2EMTEDLLEEZOND, BRTIIBERICE -
THE SN D IGDOR N L7 205 L 7T NEEE) A
MIRFE ZIEBRICERT 5, $4bb, EEOK
R i T D T 3 )L X — I D B VBN G 2 B W
72X 7 LA F FONBIRIHL AR X SRR <7
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OH OH
(1) adenosine-5'-monophosphate (AMP)
NH,
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(3) cytidine-5'-monophosphate (CMP)

Figure 1.

o

oO—v

OH OH
(2) adenosine-5'-triphosphate (ATP)

OH OH

(4) guanosine-5'-monophosphate (GMP)

Structural diagrams of the nucleotides examined in the present study: (1) adenosine-

5’-monophosophate (AMP), (2) adenosine-5’-triphosophate (ATP), (3) cytidine-5’-monophosophate
(CMP), and (4) guanosine-5’-monophosophate (GMP).
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Figure 2. Pictorial image of contributions of cross sections of constituent atoms of AMP in a strand

to radiation damage. The sizes of atoms represent the amplitudes of atomic X-ray abosroption cross

sections.
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Figure 3. Ejected electron yields of AMP as a function of X-ray photon energy. The contribution of

cross sections of constituent atoms in AMP is accounted (see text).
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Figure 4. XANES spectra of nucleotides (AMP, GMP, and CMP) in aqueous solutions (Solution) and

thin solid films (Film) as a function of photon energy.
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Table 1. Observed energies for N 1s— 7* for
AMP, GMP, and CMP in the form of thin solid

films and aqueous solutions.

Film (eV) Solution (eV)
AMP 399.6 399.7
400.9 400.9
401.7 401.8
GMP 399.8 399.8
401.3 401.3
401.8 401.9
CMP 399.2 399.3
400.3 400.4
401.3 401.4
402.7 402.7
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(i) AMP aq.,
AMP film
(pH 8.3)

(ii) ATP aq.,
ATP film
(pH 2.9)

(iii) Adenine film

Electron Yield (arb. units)
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Photon Energy (eV)

Figure 5. XANES spectra of AMP, ATP, and
adenine. Open squares (i) and open circles (ii)
represent the yields for AMP and ATP in aque-
ous solution; solid curves, the yields for AMP
and ATP in thin solid films; and dot-dashed
curve in the bottom (iii), the yield for adenine
film.
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Figure 6. XANES spectra of AMP and ATP at different pH.
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Figure 7. Comparison of the XANES spectra
of AMP and ATP in aqueous solutions with the
spectrum for GMP.
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Indirect effect

Direct effect

Figure 8. Pictorial image for the coopera-

tive direct and indirect radiation effects to nu-
cleotide.
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Since the first observation of the energetic protons from the
interaction between the short pulse high intensity laser and
the thin-foil target, extensive studies have been carried out
for more than 15 years. In the early period, the laser energy
of kilo joule level is necessary to accelerate the protons
more than 50 MeV. Such a large amount of laser energy
is supplied only by a huge laser system, which typically
is unable to make repetitive operation. However, thanks
to the progresses in the laser technology, protons having
the energies almost ~50 MeV are successfully accelerated
by the laser system with only less than 10 J of energy and
with the capability of repetitive operation. These facts re-
ally show the advance of the laser-driven ion acceleration
towards the possible fields of applications. Here, the char-
acteristics, the mechanisms and the recent experimental re-

sults of the laser-driven proton acceleration are reviewed.

Keywords: laser-plasma interaction, ultra-intense field,

particle acceleration
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Figure 1. Present status of Laser-driven ion ac-
celeration. Intensity of the laser vs maximum
energy of the accelerated protons. The points
encircled by red line are the data from the large
laser system which has ps pulse duration and is
basically single-shot based operation. Those en-
circled by blue line are from small laser system
which has <100 fs pulse duration and is capable

of repetitive operation.
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Figure 2. Laser temporal distribution. Laser
is irradiated on the target. The irradiated sur-
face is called “front” and the other side is called
“rear”. Before the main pulse reaches to the tar-
get, amplified spontaneous emission (ASE) with
~ns duration and the pedestal component with
<few hundreds fs duration arrive at the target.
Those pulses cause the pre-plasma on the target
front side. The spatial scale of this pre-plasma
is called scale length (/).
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Figure 4. Ion acceleration mechanism by the
interaction between the high-intensity short-
pulse laser and the thin-foil target. The SCSF
model proposed by Passoni. Ion distributes in
the region of ¢ < 0. In the region of ¢ > 0, elec-
trons trapped by the potential set at the target

exist.
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Figure 5. Coulomb acceleration mechanism. Target consists of high Z ions and protons with thin layer.

By the irradiation of the strong laser, electron sheet (shown in green) are accelerated. By the coulomb

acceleration scheme, quasi-monochromatic proton beam (shown in purple) is generated. The right hand

side shows the energy spectra of protons and high Z ions. Proton beam shows quasi-monochromatic

energy spectrum.
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27.5=208.5 MeV 285~ 317 MeV
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Figure 6. 40 MeV Proton acceleration results at KPSI JAEA3?. (a) Focus spot of the laser. The size
of the focal spot is two times the diffraction limited size. This is achieved without deformable mirror
system. (b) Pulse duration of the laser is 36 fs (effective FWHM). Red line shows the observed data
and the blue shows the calculated one showing Fourier transform limited shape. (c) Contrast of the

laser pulse shows more than 10. (d) Proton beam pattern detected by the CR-39 stack detector. Proton

acceleration up to 40 MeV is confirmed.
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Figure 7. Simple model used in the SCSF
model. We assume that all the electrons acceler-
ated by the laser contribute to making the charge
separation field at the rear.
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Figure 8. Proton acceleration results at GIST.

High intensity short pulse laser is irradiated on
the ultra-thin polymer target. The thickness of
the target is 10 and 30 nm. The accelerated pro-
ton energy dependency on the intensity of the
laser is shown.
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Absorption spectra of biomolecules over wide energy
range are very important to study their radiation effects in
terms of the optical approximation proposed by Platzman.
Using synchrotron radiation we accumulated absorption
spectra of amino acids and bases of nuclear acids. Now
we will be able to complete the measurement for all 20
amino acids and all 5 bases of nuclear acids within one
year. Here we report mainly about basic techniques to
obtain precise data.

Keywords: biomolecules, absorption spectra, synchrotron
radiation
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Figure 1.

Conically-shaped polyimide (Kap-
ton) sheet and heater in the vacuum sublimation
system for preparing amino acid films.
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Figure 2. Amino acid thin film sublimated

onto a collodion film supported by a mesh metal

grid.
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Figure 3. Novel in situ sublimation system.
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Figure 4. Absorption spectrum of alanine sub-
limated film in the UV, vacuum UV and soft x-

ray regions.
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Figure 5. UV spectra of adenine ethanol solu-
tions; concentration, 3.8 X 107 M; path length,
0.3 cm (a), 0.5 cm (b), 1 cm (¢).
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Figure 6. Absorption spectrum of adenine sub-
limated film in the UV, vacuum UV and soft x-
ray regions.
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Figure 7. Absorption spectra of glycine (Gly),
alanine (Ala), phenylalanine (Phe), and methio-
nine (Met) sublimated films in the UV, vacuum
UV and soft x-ray regions.
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Aichi Synchrotron Radiation Center has been open for
public use since March 26, 2013. The storage ring is
operated at the top-up 1.2 GeV with normal-bend, super-
bend, and undulator light sources. Six beam lines for hard
X-ray XAFS, soft X-ray XAFS, ultra-soft X-ray XAFS,
powder X-ray diffraction, X-ray reflectivity/thin film
diffraction, and small angle X-ray scattering are in service.
Application procedure and user-friendly measurement
equipment and software are newly organized. It is pointed
out that coordinators are very important to match the users
and beam line technicians for an appropriate and efficient
use of each beam line. The improvement of experimental
environment and technical level of technicians and re-

searchers is continuing.

Keywords: synchrotron radiation, beam line, user-

friendly
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Overview of facility of Aichi Synchrotron Radiation Center.
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Table 1. List of beam lines.
E—LT74 4 HE T Jexp VX —#iH e (ff/sec)
(e R #ipH)
BL5S1  MEMEAAIREE - HEETHT T B X #% XAFS 5 keV-20 keV 1x10"
(0.25 nm-0.06 nm)
BL6N1  MEMLAZIREE - B MT IT K X B XAFS  1.75 keV-6 keV 7x101'°
(0.7 nm-0.2 nm)
BL7U  MEHLAAIREE - Rdoht I E228E5 00 30 eV-850 eV 1x10'2
#X X $ XAFS (40 nm—1.5 nm)
STk
BL8S3 A1 - SR ANEL N 8.2keV, 13.9keV 7.7x10'0
(0.15 nm, 0.09 nm)
BL5S2 AR 1 X #RmlHr 5 keV-23 keV 1x10"
(0.25 nm—0.05 nm)
BL8S1 ARl 1 X B 9.5keV-14.0keV 1x10"
FOGIHT (0.13 nm—0.09 nm)
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Figure 2. The brilliance of eight public synchrotron facilities in Japan. Blue and red lines show Aichi SR.
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Figure 4. Access to Aich Synchrotron Radiation Center.

RRE TR 1 IRE R,
H23H03->T&E7, b b EMERMGEZ T )it

HABBICEIcEb o HE DEEN DS, win
WLAINS IR Th4X¥y ) o7 9H
RiTix 8 &, 11 HARICIZ 2, 3 HMAMIE T & 7.
BL5S2 |2 XAFS MIEREREZ Gk T 5 L v ) A A ¥V
bdH o7, WX XAFS OFHEEL 9 HITiE 100% %
BZZHBELTHD I EBbhro Tk, ZIUTHAL
T %121%, [FAUE% % Fi> BL5S2 I XAFS #&RE %
mzzzEl, 1TH2>7F (1> 7 Mid4R) o
% 337 MCT 3Lk, BENAIAL Y EEE
oA Xy 2ERHICIT>7, LidwA, 306
REFATOY —E 2R TEE L T0E, TXRTE 7
ARy IR T ITiE, 2-3 S35 BL
bHD, UTORHAL LU IEEEL. HA4X Yy ORI
HWh SR DR —LR—T D 124 BL AR & L
THERHBHE L TH 5.

5 &hhic

SRR 25 4 3 HRICEHBIR L T2 1 > T
DS, I 100% 1ISET 5 BL D 3AE LS T
W23, YEHISICEYERH 505 22O TIEH o
7203, WHT, YvrubturicHT s EEOES
ZaRik L 7o, M) Tpy > 7 v b v SRR
ERFRL Coznld, BRIRZT TR, At
HFIBECIASCflio TR LW E VI BHR L H o7z, TH]

2 97 5 (2014)

HfaEk, & L7zndb, M TE 2 DRI £ T,
FWIEBLHo, vru bu bR, Bl
PSRBT L&, b T 2%, Lw ) B
bh, PHEEZA02E, HDVIEIHED S b
kD 2 e Tl EREYTT, D H %8507
EPRTHBIVEWSI s Thnt ) L L, fidk
Rz MHHRE LT 30T, TR, v R
EBID, Thwbrrvruturltry—; End
BRI AR E e otz 272, MR Lo HvE
NELHY, FMAY Yy 7bHEBERAY Yy 75 REL T
W3, FHFEOEZIIISZ I, AY v 7HLDMm
TR S BT H 5. FEAATEO BB i TR %
Nz BPMICh > THETTWLITIE, i
D PFEPATROBEE TR L T Lk, 2-34ED
HERREREZ T, 2n2hof#lz X EZ T
FRIIZBE D % 2 LIPS h 5. FIHOFEMIZH VD
SRDHB—LXR=UD 2RI NI, Fh, HDbLE
ARG v 7 —I32E 0O URL? %, &EEE
IR IO W TIESE D URLY 2 ZE NS W,
H\H SR OEFR DR EE DM, SE SRS
CEEITL ERNTH D,

(& F X 80

1) http://www.astf-kha.jp/synchrotron/
2) http://www.aichi-inst.jp/

39



3) http://www.astf-kha.jp/mesurement/ 5) YrHSER, PGRAE A, SRR, IR, fRYCREA,
4) EIS SR, IO, A A, SRICRFN, FTHIZER], PHREZETL, ILARMN, B HH— K, BT, 5 32K, A
LR R, W —JE, R, 21 (2008) 10. A, P NE T, BURHE, 22 (2010) 88.

40 ma R AL F



& B K

VM. E+—2O7 -S. V. A7/ 7 BWHR{ILZOER
—TEHR D R HR B2 - 25 6 [

EERMREMEMAT 0> 7 « 7 FErFT

INFR EERR

Rt RESERERAMEL Y & —/FILREREREAA TR

i ==
EERZES

Contents of lecture note by Prof. V. M. Byakov and Dr.
S. V. Stepanov (Institute of Theoretical and Experimen-
tal Physics, Russia) are described in a series of articles.
The lectures are currently given in National Research Nu-
clear University “MEPhI” in Russia. The sixth article con-
cerns excess electrons generated by radiations. Translation
into the Japanese language is based on the arrangement
between the Japanese Society of Radiation Chemistry and
National Research Nuclear University “MEPhI”, The Rus-

sian Federation, under partial support from the latter.

Keywords: radiation chemistry, radiolysis, early process

0 > 7 R B AT AT O V.M. E v — 2
T HEFZ, S. V. AT %) 7Ok G L L
THENT 5. SECE 6 1L, HUNRRESCER T 2
FETFICOVTHNHT 5, (&7 RoMEEHRE PE. &
5557 Blix 1 DDFEZ 3 [543 TR, )

Foundations of Radiation Chemistry —Early Processes of
Radiolysis— by V. M. Byakov and S. V. Stepanov, Part 6
Yoshinori KoBavasHr* (Research Institute of Instrumentation
Frontier, National Institute of Advanced Industrial Science and
Technology (AIST)), Toshitaka Oka (Center of the Advance-
ment of Higher Education / Graduate School of Science, Tohoku
University),

T305-8568 HHk UL > X HIMRE] 1-1-1 PESESLAMTHR A 7L
FE o I gL R

TEL: 029-861-4886, FAX: 029-861-5683,

E-mail: y-kobayashi @aist.go.jp

£ 97 5 (2014)

1 &
1.1 SMHEFPOE

SR R TR T 2 BT B5 T 2 KB, b
ARG & BRI DR T, 79 hL, Ik
2E DD 5.

BHEOHERIE, KIET20971, HikhElodE
B EA (electron affinity) 12Xk > Tk 2, EH
Mk, EHZ 2 A X =2 b 0E BT T &
BTSN HZ VX —TH D, FTFMD
BIBME, B A M o4 bR Ty x
VESE L, BEWENCE, BB BIEDS
BIET T2, e 21X, ST OREE I, NO,
(EA=31eV) BXU 0, (EA=04eV) ERKIET 2
23, EADS—1.1eV DRy ¥y (CeHg) ¥ -1.2eV D
7 =/ =) (CeHsOH) & IEBUGL 722\,

B, B 4 o B)RIC X o THIE X

ns,
e +AB — AB™ (1)

L LWTFNHIDFET (728 21F, A) OBFEMIH
AB DR 2L ¥ — X D KRE L, MREEEETN
BEMWEL 5,

e +AB—> A +B 2)

JTH 5001777 A FOETBMEST
DFE L 2L X — & 2 WIFFEAOUIN = 2L ¥ —% I
K32 E, EBTEOTABDBEDLIIIKIGT %0008
b,

BRSO LR X, BT O 2L X —ITEKF
T3, Iz, BESTEMEMFEHT 2L —

41



IR BERR, [ B

X, A=N=AFHYA F7=A4r7
0.45eV) ZBKRT 5.

W<leVDE
P70, (EAOy) »

e +0,+M - 0, +M 3)

BIFDODIFNLX =W =4eV-10eV % 513, K
FREEEE NS L 2 5,

e +0,-0,">0 +0 @)

UL, ZDORIBASETT B 5 hs

W > D(O,) — EA(O) ~ 5.16 — 1.46 = 3.7 ~ 4 eV

THDIEHOHFETES (DT O *
¥— CGHS5SHTER)).

1.2 REFDEF RUBHEFEBENET

ﬁ?@%ﬁym FoTRLELINIE DK
Iy, ?@41/M$T//¥wﬁﬁ®@ﬁl$w
¥—%2boTn3, AT LOmOHAE-IC
D, BHEEETR T, Tk REBENELEIC amu
22 EE v, UL, BToEis 2L X —200E
DTORFERGEDFICL>THELERT v v ILE
BEIC) LD & TEL LI, ZN6DET IR
TEBANFE LTRSS, 2 THOREET LD /N
ST (>vB_2><108cm/s) Lok, ThoD
&, BIZDTOEFRZ T2 oS, BEON
BT ORMA M2 ZI TS T kv, FHEE,
HEI T 2L X =23 1 eV (2 L THEEDY 6 x 107 cm/s)
BEOE T 1075 s BEDRR T, 2 TR % #Wi
T3, ZOMICETOMIZTEETH 5538, KABM T
DAY 5 120E, BMTRWRHEZET 2 (K1),

BUBERBETFOETIL BEERYIETHNT NS
T4 T F =AY (WS) U FEED O 7 AR
HOBMHAME T e DINKRITANGN T2 ET
WD %EZTHL). TOEFILTIE, BWHREEZHE
B Q = 4nR (/3 DERIRD L VI EIT 2. KL LD
HULERIT X, — D DWETF (IEREICIE, WA+ &8
TNl 2 BRI ) ko Thivoens, oric
o THD LN HELH HET 2 S 2 WERRD Huly
ok, LidLidar (EEED core L ) EMEEN S,
BRD» S ORI D0, FMUHBEFIZa 7%
WBTEL\, ZORNE, e ZXONE (r <L)
WRASIELRVERICEHOR T V> v LI k> TRI
na. 1@37@¥ﬁfﬂfﬁﬁd<:k@fg%
FL S iREOHETH D, %uam CERRON, T i[ES
%, y(r<l)=0%t%%,

42

v IVIXRIVF—
o)C)
_\I

2

| | | | | -
-15 T-14 -13 12

11 410
log t, # T
ZEILEF KHEF

Lo JERRPERE () &R A
OK) T o fFLE HHRIED & A BERTIREE~
DEREICE b7 ) BT OMNI AR T vy
VI3V X — DFRERFLAL,

7o pigE
S | L I T DR BRI
S
£
p
it H
4 Ve

B2, WA OEMEBE T OREZ RS
IXNK=FAT T TN,

KIZ, ey 135 L WHER TRV OILE DO BT AHE L
TWw3EEZS5, 29758, ZDODEL Rys DEHR
T, ey DWBIBIBULER T AT T A S &, DX
b,&ﬁ%ﬁ@ﬁ Frmich s,

dip(r) _
dr Mm_o ©

ma R AL F



V.M. E¥—237 - 8. V. 27/ 7 IEHRILZ D EEE AR D B EEE- 5 6 [

ZILT, e ik, ZNZNDT 4 TF— YA VRN
DIMUDIE I, < r < Rws 215D B LIRS,

BUHBETORT V2 LI ZAX— V() 1, 4
ﬁ*?#%@x@ﬁ%&&w%lﬁﬁ%“?@\ﬁm
HAENC

MHHE{’PFH Up i¥, ZHLHE, “o0HFH5DME
LT, Up=UX+(UM) &8T5, U BETHHE
T2 WS Jezb@ﬁMﬁJ@ﬁ’%:k %@*HEJ’?FH k2R
FUVYILNIRNLF—TH 5, Q§E@Qm§i@¥
HEWHAET 2 WS 2 VND T L BT & OMAEM
IZE2bDTH 5,

Up = UM ZREDL 5729
:Eiﬂfumfr@a%a E(r) =

IZ, e 13 WS &L
—er/(eoo 3) ERIFTEL X

7. 2ZT, %iﬁ HORBEHELETHL . D
BEDOIL )L X —
1 ™~ ED 2
= f —dnrdr = —= (6)
Rws 871' 2600RWS
Thb, HEPTOMYT2ESLDOLRLX —
1 [~ D? 2
- f —Axrldr = ¢ (7)
2 Jpys 87 2Rws
ICFELW, INSDEDPRDD UM TR D,
1 &2
Uexl — 1 _ 8
P ( Ecx:) ZRWS ( )

DL, R Rys D—fiiA 4 v & B2 & IR
PEFEREETEROHHZ 2L X —2Licid 248
DAt —T 5,
IFRNX = U 1%, FEHNHBE T e T2 %)
IZHE LT WS 2IVICHIET 2856 @ﬁ%‘@*ﬁﬁ{’ﬁﬁﬁ
3, COBRZRBL B0, BB Lot %%
DTIE D) = —er/rP ZRIFL, 2Tk, ER
B T-E— X F P(r) = aD@X)Q = —aQer/r D3
ENBELEY). 22T, a 3EANFER e, B
DG TDEEn ERDI TIPTA-EY v T 4 DY
RATRERO T S A3 T OET-IHETDH 5.
dra €0 — 1

= ©)

3 €o +2

RO T — A 2 b & ey & OB UP(r)
Th5.

e B2 54T WS R IVICHTE T %IRRT A3+ O B+ D
BERIFSIIC H Ut 2 Al UL, o VAT E 5013
T2 TH B,

£ 97 5 (2014)

it _P(r)E(r) B _che2
Uy'(r) = S =T o4 (10
BLDTRTOMBICOWTEELT 5 &
) 1 Rws
(Un(r) = -5 fl ch |1//(r)|2 dndr  (11)
thhb, 22T, e IV NERDOFEIR [, < r < Rws
WAL TWT, WEREE w(r))? 13 1 IS bI T
w3,
Rws
f l(r)fP d’r =1 (12)
lc

2T, b9 OHMbT 2 onkREET S, By
(11) & (12) DFFRICEWT, B w(r) BERTH %

, 8 3
WP =3 (13)

int __167mli_ Reo—1 €
(Up') = -= Rws = 7 ewt2Rws Y
file, MUHmMEFICN T2 2L T4 v =0

=
d2

AV = Vo, A=)

IZEBWT, RODRTFT VY VIR ALY —2HWB L
%% (X2).

V(r) _ {oo r<lC (16)

U, [.<r<Rws
Z 2T,

Up = U +(UM) = -

&2 1 24e.-1
ZRws( - ; * 7600"'2) (17)
Th 5,

MR X D, BEREM ) =0 & ¢ (Rws) =0
TORBEZF LT —REEFICHT LI 2574~
A =TI DRI R DI 5,

r<l.

18
l. < r < Rws (18)

0
yr) o {w

kor

Z 2T, ko I3 TH 5. ko 13X a UEB) T L X —
=n’kg/2m & EHICRDBEFRAPSRD SN2,

koRws = tan ko(Rws — 1) (19)

FTCIWWEHAINAM I = Rws/2 ZEEL, x =

43



IR BERR, [ B

koRws/2 £ 31uE, Zoxid, 2x=tanx £ %%, ZD
HEXORIE (BToREREICOWT) x=1.165T
HY, N6, kg=233/Rys £% 5. Lo T,
BLHBE ORI 2L X — Vo ICNT 2 XRDADE
5#1% (Ry=13.6eV, ag=0534).

Vo =K + U+ (U™)
=Ry ) ap (53303 | 1 24 €0 — 1

7T €0 +2

(20)

Rws \ Rws €co

INEWGTTIE, TRV — Vi3, CEHT )L
X —DX[N 2 7-0) LI 505, KREWS LTI, &
2R3 2L 5, DL RELORHN 3 1T
EoTHEMIT NS (CBERys 25T He & Ar TV,
DREIDNELDDIX, e H3He T 1.05, Ar T 1.52
LR TH D).

D ERIC X DA EE X, %< 05a, W
T%, ZHUTHIEL T, Rws bRELC KD, Rys DI
Mix Vo OIEKREEZRE T 2 FHERTTH 5.
A EFICAEY, B T ROV X — K ORI X
3 Vo NDHEDTFLDWWAITH LTI AR D, i
EORI#E L COREMETFOZ 3L X — 34k L
LT T %, W ODRILKFEIC D W TEENIC
135 17z Vo DIERAMEDS (20) THME S du - £l &
EBIHAITRINT WS, WFEIEFIC L C—FL
TWAER I EDBbh 5,

1.2-
] o
He
0.8-
E; 044 Ne
7 0_ Rws’ A
2 2% 24 2.6
0.4 Ar +
) *
-0.8- Kr Xe

X 3. WL&EATARDE %@%Fﬁﬁwx
FIVF— Vo DT 4 7 F =% AV PRRIC
ZAb.

44

BRUBBBETOREEL ZOBROETFOEIIL, K
o)), WEEZEKT 20 FOETHMNZHEEL -
SRRE1 ), I 6I2iE, REARNORNBERICEKAET 5.
e A3 ,{Tﬁﬁi‘fﬂz:r/t{: BW, ’?z‘ﬁtﬁfr‘/
Yy LBEEEIC 9 b0z, B 2L ¥ —I1cHR

_<bfﬁwhﬂtﬁﬁlxw# TtaTh B,

AR~ 7 LIS %wfi RIS ey &
RIARIOIEHIZED, G RELRT 3,
ﬁ%m,m%u%_m%C,N,Okf%@U@mm
Gk, EEEECEH T 2 RN TH
D, e DREIIEL 5. WHOHR w7 A LEY
(CeHsCl) B L UA L A=) (H,C =0, (CH;3),C = 0)
L&z & fafbay i, EEE &L Tk
A v EERT S,

JAPH D53 1-12 ;b%méntﬁ%yva@<@&
OHICHFET2ETIE, Yok, @Ho ¥ —%
b7, RERL ZETOES) T 2L X — BT %
w% FTETT B EIFMRL TR, ¥rhL Rl

—%, RfELZELCIEE 7y 7OWEE Z DR
7)1 FDREIITK f)ﬁﬂﬁff% R 7y 7
(HHiRfEZEfL) ORE L, 0T L FHRE T,
2A4A (Rx2ALLE9) THB. AFre vl
EADIEFICHEL, ZORPEHAHThHL, 2D

04r

T,°C

4. WL O DRALKEF OILEIRAEE
F DI FNX — V) DIERAEE. A -~
X9y, B:224-FP)VXAFARVEY Y, @
2244-F b IRAFARY T, O F kIR
FNT T .

ma R AL F



V.M. E¥—237 - 8. V. 27/ 7 IEHRILZ D EEE AR D B EEE- 5 6 [

X9 %7y THOBETFOLX O SEE T 2 )L X —

B X%, Ry(ag/R’*>~1eV Itk 3,
?mmfz/vw<i&i ﬁ%@@&w\ﬂ®

I KD REITES 2D, FLEML T L,

“%uﬁﬁénfw% ui%ﬁﬁﬁﬁ%#%ﬂ®

BRZELEL 261, BFORT VY Y LI R F—

FESIET T3,
Witk A hcE I3, 10712 s-107"! s TR EN
n, VRIERE *ﬁb%# IR A5 ATlE, 107105

(270K) 6 107°s (77K) HETH %

MM A & JERME IR R T O IREEE I T 5 K7
VY )V DEES DIERNIE L, FEA RO E I
Iy 3N3, ~AXY D k) LRIKTORIN
i, 7TFDbH > TR IERETH 5.

%L DAL b 6T, BEE TE DR
DEBMIZIELWETFILOREEICIZRII L T,
EWEN BRI RD L) LD TH L. IRENE
Wk, FEEEEECEH T AR LB T¥uRy ED
DB OFER, WHEOSTHELL Y RELT A D
T+ % dios (M5). EFo—ix)r , 22fLz
DT L D /INS BEFLIC DA > T 5, NS 221l
DA DB I3 8 L T\, RIEEEEH T 251
X b HEAE (BRI STTwb

MR IS AAE T 2 RBIA BT, 2o k9,
ZoORMESMIE 5. b LI oamaisgiriig, &
TREANT B ETER N, 4 4 Ui DGED
RN T 5. pidviEv & 21X, JERTEREDE
TIXRIEREEICELT 2, o0, HEBOL HHL
ook ) HefiE I N s, 2o k) hBETORE
i3, R=Z0OYEMENnTn3, F—70 i, ik
ﬁ%%i%““?&&ﬂ@@ﬁ%&ﬁ%f%%m%
29 LT, MMEEE T, BHEmE IR R —
vNEZLT B, R— 7 u U iRTE @W&Lomf ﬁ

ICEZELTHD,
121 BEMEFOR—Z0OVFETIL
ﬁ@ﬁ FHOBETICL>TOL 6B ESI, HY

T T BBE DI X o TS 5, BRI
Hﬂ ST 5 L, FTRMIC, BEETFOR
R T 5, MREIETICE->TELZET VY Y IL
X, ZDEE, —ef(ewr) £ 5. TIT, € 3HE
DEHFEERTH S, BFROTW, 2F, FHT
Bz 3t 2 8 - D B D AN T 2 RN 22 IREf]
X, 7o (1079 s) X bh&w,

Koy DBE Tﬂ?ﬁw<1wnsm“s% id Z
LM DORLIANIC X 2 ORGSR, X7 vk

£ 97 5 (2014)

S?@%

\

-@

@@‘f/'
&
S0

B 5. MR AT o E %@@ﬁm@m
AKX, WEE T & 0T 08T %0 LKA
TEFTHEL 25 7 2L E e @%ﬁf@%?
OB FE— XV FDOREAEZRLTW5S, T
KD 1 BT ORI FIT k> TR
NEZRT v LDLIAEA, 2, 3 IFEER
RE L IRIEDE T DHEN, 4 & 5 136

Ef.
—e/(er) BT 2. 22T, g FHOHNLFHEE

ETHB 2,
SLETD, BR, HIEBEET 25006 7189

CREEHRE L7 L T2 L, MEEIIADTOAREKD
FHFLEIC S B 2 LB TERVDY, BTRONTIX

DATOIRFEICH EB Z MW TE S, 29 LTHEL 2
BHOBEM DI AL, BEFEZILOBERICKZ I &
T2EYGE2OK 5. BFDPETMZZENMT 2R 7%
B2 7 2 A b C°H 270, BIFEE YR

CHOHLZER=—Fv v REBIZHD, RFrvir LIt
¥ —
21 11
Us-=, c=—-= @1
Er € €0 €

ZELCHI LIRS

2 R IE DS BT 2 I a RS ¢l R O A I B
J 2 IR D 100 £5-1000 5 CTH 5.



IR BERR, [ B

ThH 5,
QD Aofmémﬂﬁ HRIIEE O R
DEERICH

€0 = 1° (22)

REBD G THEIINL T, eo x2TH2B, KTIX
n=1337ThhH, HHAWKFEERIZ1.78 TH 3.
R—70 IREOWIEIZRD L 5 IicdbR 2 2 L A3T
X2, R=—70rvDRTF v L EADFHEN K
FXERELEI. NAEYRLT OARKEEF I
%%@ﬁ&%&@%ﬁpimR®@ﬁ?%b,:@

X9 RREICH 2B TFOMEN 2L F — T, = p*/2m,
% ,

K2 ag

mR . VR (23)
LB, 22T, m 3B TOEETHSE, ATvvw

NWRIEADFRIN 2 KE XL, WEOTTOREI L
FRRECT, A v 7A2re—uThHs. LT,
EH T ALY =13, Te~1eV ERS, 2H9LT, &
T OBERE L, BEETHRIZE T OME)IER T Z
&mﬁ,%¥“ﬁimﬁ BFOEMICIEET 2 L9
7bDILH D (FPICHBINTWEETFORER
2x 108 em/s FREECTH %), 2 DD, %@mfz
X NLIFLF—1F(21) TEAZoNS,
ZZTHRNIZETNICB T, EToMmoE 0
g ROV TWw5S ) L&, BETOETHYNES

DB, B OMBETL L EDICBHT 70, T. DE
i "oy EroEaE TR, BREEm > me

BASTIZRIFNERS R, ZoHBT, LT
BTOEEEZETIDET S, T2 LF—
K2 &>

E=Te+U= —— — — 24
¢ 2mR?> &R 24

ZERERICOWTHRAMET 5 &, &M dE/AR = 0 D

5, A= REDOEIENIELNS,
hle
R= = = ape (25)
me
ZCIT, ag=053A, F—JurvREEFOLI L
X—i \
me _Ry
E=- = 26
wme2 T e (26)
EhB, ZOZRLX—ZATHY, HOHEFIRE

IFRNVF—IZEANTH D Z Db 5
IKER oK 2 BEOGA & Ak, FEERGE
LiinERED E—Su vz ¥ —x, XoXThH

46

Abb, R
y

E:—#? 27)

ST, o nldfiil, 2, 3% LA, HL, BTINDE

2R MU IsIREE (n=1) 55 2pIREE (n=2)
NDBEBICX B 51F, ROZFLF—TART ML
W IR KIZET 5,

-3
=102-|—-—] eV (28)

€Eco €)

3Ry

Enax = Ey 4—§2

-E, =
KETILA=I (€0 22, € > €) TlE, TIN5,
Emax = 2.5eV, Amax = 1240/Emax = 500 nm & 72 0,
X6DT—%EDMIMITEL s,

(25) 7 & MPEBE P ORI O IZ R ~ 1 A
L5, EEBEIZ ~ 2.6 ATH B, HEEDEMIMN

o)

FACHEHT 2L, CZOTHIINI KRS,

BT & Z DMt DORETIR D R A D RIS DA
iR

1962 fE DIKFIE T DFE LK, AL ENTEER T &
L CORBERET, Fr, KB TFOEREMEIIKE
o TE ., WEH 10 FRITIE, EEAEPOE
PHEAETO TR 74, 8T, 20, HY DA
BT LRI N TRy, H20wiE, o7k
(TR EIN TV RWET, DRIGHHEICZE>TET
W5, BTORIGOWIZEICIE, EaBbi Lo B

1.2.2

1500 2000
A, NM

. . —
500 1000
X6 MHDELZEEFD e ITHT 2
RREEWI AN FOME, 116 Fe ¥
Ab&Y (H,0, ROH, =F L v 7Y a—
L, Z7VkVy), 2: 7yEZT (NH;) &
7 3 v (CH3;NH,, CH,(NH,),), 3: 7 3 F
(RC(OH)NH,), 4: HffifiEo = —7 L
(HsC20C,Hs).  Enax(eV) = 1240/ Aoy (nm),

ma R AL F



V.M. E¥—237 - 8. V. 27/ 7 IEHRILZ D EEE AR D B EEE- 5 6 [

WAZPF Y AEEPHHIN TS, TFI4 &
T O, A2 OWEDORY Fu =7 LTEEEOH
EWLkoTH S, TRI4 ) BEFOMAITRETD 5.
MFTb#%i7u,@ﬂ PR o Ps &K
DI AR FE 7 T1%, BLL 72 CA 8§ 5.
gnamﬁ@@%%wimmﬁam@ﬁuam H e

Th 5.

HO' + e =% H, +20H, e +e* — Ps

L7235 T, 7J<$Dﬁu® B 2T 225K, Ps &
H, OB L TEROFEL2 5.2 5.,
M%ﬁ*@ ?k;v%w@@w%ﬁ“%iﬁ%®
FOGHEZEBIE T 2 b AT, LRSI AY
VRETH D, IEEOBER TR L 2LEIIE
Mgtk (e, OH, CeHis, ...) EVAE
EDRIGZFTARDGEDHEARFIIIRDMED TH 5,
I3V X = MeV £ TN L 725871 22 B Hr o RS
WA (1071s-107s) %, IWES (71 + ¥, NyO, ...)
oUW E 7 IZEROEE (K, n-~FH v, L))
T SN VICBET 2, 2 VOBFHD
WHE 1) & FRIE 2 7D 5 13, BDE— L% AST 3,
L AEFEELGIE, £ 70X —8 TR R
IR (T2 203, ) DIRARPIR 21T HhE
B E %, HETFHEEICAST 2, B rolghd
X, “RETFDOBEE co E1IEA A v DB ¢; D3NS
293, WEOKTELEDIZ, BFeA 4 VIFHWICH
AL, HERLTWL

dee/dt =

—keicec

ST OB IEA A v D X9
YIHE S DIREL cs ﬁ.‘i nTwitdsL, EFOMHMA
LIS AR X 22 KT T H DMH kescecs
ZhnZ 5%%75)5:‘;“(( 5. torlsHEE LT,
D FHDIEZ T PERAUR, BT OREISIRBEIEN
(M3 | A - N fe

ICEFEiETcE2

—t/7e
5

0 -
ce(t)=c)-e T, = kescs

ZIT, 1 GETOVHEGTH D, BED ¢/
BIREZ 1B W TRV THINE N ZHEDMREE =0

BHRE AR b= a (Ps) BBETEETHHLVICZ—1
YITHREG LT KBIR TR OFEIRETH 2, EE, AE
VEIED AT RY br= L (pPs) LAEYZEHEOA
NMERTra=7 4 (0-Ps) 2813 DEETERT S, o0-Ps
X, pPs BXOPs 2K L 2 WIGET & X THEGDBE W
729, BETHFMIEIC X ) B o OMNIEE I3 % &
F1UE, Ps (IEREICIE 0-Ps) DINEDRKD 5415,

£ 97 5 (2014)

BT 2EDOWIEED L TH 5, eI ]I b
NT 37% % TIE T B0 157 ZRDIUZE, BOGHE
FEEE kes = 1/(cstzr) DIF O35, FEERITSOLHEEE
BaeROLFMWEPT o LEMETHL I I3V ETH
Y

BifE, 1o RKIBDHEIC
NNVAZIPA YT ADBHGLSILT 53,
TN EFENA AN 7 =R S I N Tw 3

Ry by BFORBKREDRIG

JFEHEFEEY—VETIE, BAA 70D
L HO™ EEBEIS, F T v 7 WE—ALEENE AR
vchs, FEEHETEIEY—< LB TOON T 2
WE—=ZAXT PV T A F VX =0 5B 7V
F—FTHRATED, ZOFREILEBALIEEIX 0.1 ps
X0, ZoMNIE, INSOBEBTEEEA VY
A tu—LDREZHESR, BINI N T35 TFDIRE
22 00lM THHZE, EVHERTING DT &1
RT3, Lo, TEY—<LETD, BUbok
FCKICIERE L T2 LGS 2 AJREEIZ B E T
Ehv, KPTIDLI)BRIIEHWRI % L) EED
ARSI 72\ s, FEMRIE A T RIBR D SOSHSHMEF TS %
bkﬁﬂenfwé IEY—< VETFORIGIE,

W, THIR, ORf#Zzb->Tw3 (M7), T, v
I B, RBER S BREBINED I AL —D LY
Y=< VBT e LREINBERNICKIET 52 L2 ER
95,

X, Eapsrior/mw
b 7R -1 I

1.2.3

e +S—>S™ (29)

W DBIEE L TOWMBICIEMR L T 2WHEICK 58
DR W o (W) 1%, 529, #D k) RE%
LTWwT, WREPOETIEIRAE ST OME L Z Dk
iz 2 (X7).

IRNX—=WHho W—dW ZTREI NSRS, &
T e” DAE S 1T K B ILIBHHE A D23 B HEE 0. (W)
IERDEHITRIND,

(W = dW) = @e(W)(1 = csoL(W)dx)  (30)

aw
e = 1, dx= —
#e(Wo) X AW,

T, Wold b7y 7 INIEEH Eé?@fw%ﬁl%w

¥—, oL(W) 1x (EMHP D) 2% 2 BT OHf
%M@ﬁ,qiﬁﬁwmﬁﬁ,%Lf,wwmmu
IREH RE DI X 2B oM F L ¥ —HET

b5,
(30) 25, (W) BT 2y iz -3 E
L2EMTEDL, ZONBEADBEEGETFN T 7D

47



IR BERR, [ B

HRERTER (FBXHE)

O n n n n 1 n n n n 1 n n n n 1 n n n n ]
0 0.5 1 1.5 2

EFDIXIVF—, eV

B7. BAFrz2BRT 5207k 55
HC O HIENTII AL O = 7oL X —RAFE,

Kim7ay 7TERENTZIEBHEE TOLRZLE—R
R7 MV F(Wy) TEBLT U, ZRIRIC X 2%
DHBNZBEFOEE g DN,

) Wo aL(W)ydw
@elcs) = <exp (—Cs jo‘ m» ey

I,
a‘%

G 1 f(Wo) 1220 T O % Bk
% DRBFMWRIZOVT, [P TOE D~
Wi RS og(W) D3H S LTV B, A < o Wi i R
o (W) 1%, ZMh oW og(W) ERUEEZ L Tw3
ﬁ,%kﬁﬁﬁ%ﬁi%l%w¥—uﬁtofmék
L&9. WP cRAWHEL 5225 2L —
LA HBE T OEEIRED = 2L X — wa;vﬁ
ik S= o FEPH & DB Tt AAEH = L ¥ — Py
RS 5.
LA T og(W) 25 Wg TR K% & 57613
(X1'8), WM TIZWIEE o (W) DIRAKIZRD T 2L
¥—THNn 3,

WL =W = Vo - |Ps-| (32)

727, 29%5013%ER 32) OAUNBIEIZ R 554
ZThs, bL Wg = Vo —|Ps- |<OVC56“ i oL(W)
B WL =0TRANELRDES), BEST LIBEDT

48

SORKEIDFABED & 21X, Ps- & Vo DITRGERDIE
FFFTBHELH I DT, (32) 1FfHICR S,

WL%WC,—

ZIT, KIFEEPoELABE TS 9 %)
IFANX—DR/NMETH 5, (19) & 20) 26, K =
533 x Ry x (ap/Rws)* L A b N2, WE S OXAMHH
*)75mwm@?ﬁ@ﬁ%1%w¥ iz d %
X, WP S IFASOE R E BRI R
’)7“"/@#%% UL, Wog-KBEakh/hZwn
EEXITAEL 3.
HHALD 728, og(W) D37V 7 B o0 (W — We)

THsHELEI). 29T2L B DPEXRDLIIC
%5,
_J1-F+ Fexp(-cs/c37) Wg>K
pelcs) = {1 weox O
F W =W —K = W dW, =
(WL ¢ —K) ” SWo)dWy oy - LETW)

22T, LET(WL) I3, Wi~ Wg—K DL XD |dW/dxl,y
f%%.q®%M&k%m,%ﬁ#%m&5:&ﬁ
D5, @lcs > 0)=1-F, Flgw, Lh/hdwn
IFNFE—TH ?#6wﬁén,ﬂﬁﬁﬁ%®bné
BIOHEATH S, LEOWARICONT, ZoHEAIF
We DI E & HITKEL R 3,
M9, nay ARy I k B HIEE
THEL % 0-Ps DINEDOEEZ R L TS, SMHPT
e” W IR L R 2T+ V¥ —1%, CeHsl,

AL

7D v T NEF DR

(AA
(VAVAVAVAVAVAVAY

(X

8. KA E X CVEAH o T E B — %
NE¥—% b O (BET) DILIGHE

ma R AL F



V.M. E¥—237 - 8. V. 27/ 7 IEHRILZ D EEE AR D B EEE- 5 6 [

0.5
[ TI2'S_|O4

04T © o
> L
q) -
(@) L
‘9 03
I‘T-t AgCIO,
&R o2}
|
I
O o

0.001 001 01 1 10

[CIO,], [SO,], M

0.1 1 10

ST oo
[CIO}], [SO,1, M

11, EFEOKIEWIC BT 2 BERHR 3R KFE (T1L,SO,s, CdCl,, AgClO,) & o-Ps (TICIO,,
Cd(Cl0O,)y, AgClOy) DEIMNERELIL. AIKID I 1% 0-Ps DMMTRE A R T

CgHsBr, C¢HsCLIZR L CTZ 241 0.1eV, 0.7eV, 1 eV
Ths. 1-FODfl, Thbt, IODTF—¥%bHT
Z TS 17z 0-Ps R DIRFRE D LLFRIL, ZhZ
1, 0.02, 0.19, 032 THH, XKEIHWML T3,

B

4
1 C.H.Cl, W, =1eV, 1-F=0.32

D [m| i
10__ =] [N} M ] [}
] O (o)
X o o O
K C,H.Br, W, = 0.7 eV, 1-F = 0.19

CH.l, W,=0.1eV, 1-F=0.02

65

A JAY

0 | 0.2 04 | O.IG | 0.8 1
EILPER

9. Xv¥ D CeHsCl([), C¢HsBr (O),
CoHsI (A) IBHETD 0-Ps DINIRIE, AL
BIEOREE F EHYST 2 We DEDRIC
MEAD R S5, i (33) Ic & Dt
Nn=H o,

£ 97 5 (2014)

5 CS,in (EtOH + 9% PrOH)

i A
ol PAAtE—A——-0%Cs,
P 1.8% CS
15 4 (iE) oo 7
° 3.5% CS,
>
=~ 10

=-0.65 ... 0.4 eV
Y|

J: Tmelt
-200 -100 0 100

T, °C

10. 4 DRED CS, ZaLiRAY
(EtOH + 9% PrOH) H ® o-Ps @ fH % 5 &
DISEWRANE (77 7 NOEAE X CS, D
EEEE -y P TRLED D), i
LY RTLTEEDITF b0,

ZRMWIT K B e HENFED 2L X — KM,
CS, #iIML 7= % /) —)ndd o-Ps K570 E D i
EEAD T =% Z2{fioTHEETES (X10). @A
(-114°C) X b EWVIRETIZ, Ps DRI HEE LZE

49



IR BERR, [ B

BELZw, & 252, Ps IERIZEMHADERE, Z L
<, C&%E@%MKWUTE%KM9¢%.:®$
Iz, WX 2EFHENRIIZY ) —VOES
N e %(%ﬁ?% WIRREETIX, V) 1 mmv
& —0.65eV DREICH 5. FELUTTIE, Vo lFIElC
D, 034eV-1.1eV TH 3, Vo DEKIZE ?@kuﬁ
HH LR VX —K =V +|Uy| 2 LASE 2. (17) T
Rws = 284 A, e =185 LT 2L, Uy~3eV i
27, ZOMIZESIREBICIKIZEAERELZ Y, L
72035 C, TR RLF —D L EWENET 2L
XF—ITEDE, CLIFXVAMBETFZEMRLE RS,
IWEIRE ORI X 2/KFE L Ps DAL (FBo1H)
RICEOMFHNIAKIFR T HET S, Cd>, Ag*, TIT A
AU EVBID L) BEHERT (K11).

1.2.4 AEMETOES
R E HEEMET IS oWE EMAEERT
%, IR T O RO XA OB Ik T 5. i

MIRBER D e D O DA BOGIE,  Hifl 72 JEfR
B T

e; + Cu** — Cu* (34)
e; + Agt — Ag’ (35)
e; + 0, > O3 (36)
& AR A
e + CH3l — *CH; + I” (37)
e; +N,O - (N,O)” > N, +O°° (38)

ThHd. MHIZEFE2ZIWNETTFD7 77X b
D—DODBETHEMOBZO/EZF LT =L DB KR
FwEEIcAEL B (EAD = 3.06 eV, EAN,) < 0,
EA(O,) = 0.45eV).

COMDRS BE RS, BEOKKBRE 7L
I — VIR TP TR THETT T 2 KT 720 6 DIKHE
JRFDEETH % (k(egy+H) ~ 24 x 1010 M's7!) =4,

e tHy = H (39)

EBEA A v (Cu?t, Agh) DEITLIFETFDOMEILE
TLEMNA 4 v OB LETEME D KE WL &4
U5 (E%;) = 27V, E%Cu*/Cu*) = -0.17 V,
E°(Ag™/Ag") = -0.8 V, E%Li*/Li®) =3.0V). /KHI&E
T DEEA A v EBEILT 5.

AKBLIO7ZLa—vdTidko “BILKIGS RS

BBRIET O, RISKFEA AV LEIET B ELTY, &
bHTY- LY ELHMIEL &

50

5.
_ _ 2H,0 _
e” +e; =2 H, + 20H (40)
el +e; =2 H, + 2RO™ 1)

NS DRI NA B —
LiEEZonNTnb

70Ok L TETY

el +el =2 (e0)s (42)
WLT VEZT L, TSV, NFHRAFINT A AT %
FU 7 IR, REAEIZIABESORL v, 2
o DIRIZT VA EEZ2 RS BICERT 5

WIERIE 1%, ZETH S, Aotk (K,
Pha—), PAFLALFXFTLR, 7IF) T

¢y, + H20 — H + OH™ (43)
e, + ROH — H+RO" (44)

D &) BIGEL 553, H
J (ke + H,0) ~ 17M7's7h),

FEERIL E DO TN

FEMBIEAE IR R T ORPIA BT =T
Y (A w@@v%iﬁ@ﬁ T E Rk oTWw 3
HELLE 7R ?ﬁﬁkﬁﬁﬁ%t,&mk7/7

%TML %U%fm BT ANEET S, by T

BITORHOS B2V X —IICERIC RS X

QMﬁﬁ%t IR E N5,

IBIERTREE X, n-~FH v D LI Rk ETIE
W& > THELLEBSDOH DT T S Z &
IZkoTHEL S, ZoRMDEKIZINS DT DR
JitkzbolmiHETchh, BEHOMSICHIDRD
KEnomizRNIEs, 612, by 7 (F/
ZEM) DILRBILI 2, NS TXNTHEHTORT v
Y NVNIRNF—EEFIEE, Bl kol

LEENE, K1 IR ENT» 5,

BERURTELE &, FRmIERA b T, kR %5
A EERRIC, BIEBRBICZELT 2 HHEE D & 2,
FERPER AR IS B TS, BRIERA L B D, RERTR
RIS THO M7y FIFEAEHES RSV, 20D
oo, EEEME T, BOEELE T2 L CABAIE
T ORI T2 25608 5.

FFDIGHERIGIE W IEMmIER A (kx5 >, *
FRUBY, FEIRFNLL T v E) TIE, ol
KBS, i, TTEINOMIED 2\, 207k
&, N5 DT, BIZEMARIREE LS,
BFOBIL IO TEC, ZORIGEDKE W, K
fbAkEDA VikTIE, BRFOSTHEE b OR{LKE

ma R AL F



V.M. E¥—237 - 8. V. 27/ 7 IEHRILZ D EEE AR D B EEE- 5 6 [

(C(CH3)y) EMEBHRILAKFE (CHapyn) DM DZEHE) %
zANE

KRIED P2 O IE, ESHRKF IR
TETD Vo) DEPMMENZ EIHEHL X9, V) 13HE2E
P L T3 EF 2RO 2L X — DIk
JHEREBICETOICHELR IR VY —Th 5, Il L
LT, Vo METHURE NI E, BFoOBHEIZAEL
D, LIXLEE, zogbE< x5, 2%, JF
FRPERAR DS BRI T I 3R A & D 375 & ROBEDS
HWES A5,

WALS NGO A, 7Ly, ZUT LY, ¥k
VIZB LT, BHBREE T I ZE T, BEIEED
JEFITREL, F, RISESHIAITE Y, KA,
Witk 2 7 v RFHC~Y 7 LTI, B 2 2RI
FEINTHT, BEEINNI W,

B [ERO S X D4 O iR
L%, 20O biRbEEL LD, TO#E) TH S,

BEEREHRO N0 7 A7 VA ) #EE (LIF, NaCl,
KBr 7z &) EOMEMEMIZED, Fr ¥y —0BHE
N5, Fry—Ix, B4y RBIRELLZE
Thd, ZDIEHh, —DODRMIZ ODETVHEET
255D, F ey —LfEINns, Fery—Iii
ToEBREIRIN S NG BT 5.

Ao AR (FkZ1E, BEINLRERIRR, &9
T) AR T, S WICE TR E
Fe, BRI NS, WATOBEBEANET LR,
WEFRLETHZ., LidwoThH, WikEH 7 2%
BT 2E R, 2 oRTULE> TS,

(& & X B0

1) B.E. Springett, J. Jortner, M. N. Cohen, J. Chem. Phys.,
48 (1968) 2720.

(BEEE7O07 0 — )

ZEUABR - INAOTqvF-Er—207:

Vsevolod Mikhailovich Byakov. 1954 4£€ & 7 7 K*#
(Lomonosov Moscow State University) %3, KT,
HEmYIBEH T VL Y X — (FEH THN R o S
7 Fy 22, (REKE) THATOHSNTR2)
DWMRETFHMOERICBHT 2% 2T o7, K
YAER, ESR DARETH 2 A A A X —DH &
T, MEREBRYBLAWEZEAT (Institute of Theoretical and
Experimental Physics, ITEP) (2 AT (KE/7 DA H3E)

£ 97 5 (2014)

BLTOIALE T T RA A X —KDANL &—FED
KIS d -7zt L), JFT (Y—RlEgky) B
HOY LR CHES A h o, ERBIY DI
BHRER L 72 & OB FhE, 1973 4F12i, KB LT
STHEWERICE T, BRI X 2 KRR &
R ba =y LEEPEOEKETAEL 5 2 & 2 2F
L7z, HBRICE T 2 AR AIMO AR E T 2 B
DEENDOWTOWES 7> T 5. BifE, ITEP M
e, 1> TALEEAR R Y: (D. Mendeleev University
of Chemical Technology of Russia) ##Z. F 2 F7uor iy
&, BUEMEYE, TR

CITA - T7ETAORT v F - RTINS/ T
Sergey Vsevolodovich Stepanov. 1983 4f, €A 7 74
JE T.26 K% (Moscow Institute of Steel and Alloys) &<
3, 1987 4E, “Spin dynamics of the polarized short-lived
beta-active nuclei. Beta-NMR spectroscopy” D fiff %% T
ITEP %> 5 Ph. D. H{f%. 2005 4, “Positrons in molecular
media: theoretical grounds of positron annihilation spec-
troscopy” DWIZET, LA, BifE, ITEP OJ5
FAT =Ly Y — Dl —K, EAZ Y
R FAEWE A & E AR (National Research
Nuclear University “MEPhI”) D&z % el I 0f
HoEE, Bt 7 — 71tk 228084+ 37 A,
ARl N ey VN (=3

N

gAY, F:Ey—a7I%, £
2587 7K,

12.

E & B B

IR BERR 1 1976 4F BURURAE TAETRARSE, 1981 4F Bt
KERABELAERMARHE T, oAt EpbEES
T HEBAMPE L A EAT I ZERT, 1997 48 W'E T.2¢ T365:
MIFEAT R =, 2001 42012 4F FEEHMTR AT

51



IR BERR, [ B

Pt ERE eI e = &, BifE, sz ey 74
7B BRI R, 2013 H-H ALK A BRI
FEPTIERERAN. R ARLIAT, BURERLSE, P
TR BRER c T =7, R

fl /5% 2003 £F FARHR AR BB T2 se Rt AL
HFRRY:, it (BYe), FRERSE, PSRN A

52

JURT, THERY, HARE T OO FEmsRs, SmEA
¥, KBOR 2T, e, FULRYEF BT s
et v & —[HRALRAR A AR 2, HFT
ST, BT — A E MRS, B 7 A
VI —AR—Y, T Bl

ma R AL F



NS DFEEDLD

% 56 EIMEHRLZ RS
ol 2-TRERYNTRERE Y ¥ —OFR L
R FARBRDERICDWNT

REETHTFEREREYY— EE AME

1 EERIZNFREREY Y —0ERK

2 FEMNC B X BB AR IR & K FEA A v IR
FABRZ BT, 2003 4E 4 H 1 H IS S2 B U7 R 1R PR g
vy — G E 2o 7, BIfEotSHEE T3S
FIRE L B2 218 288 M A2 7ry 27 b
X, MNERELFEDLS ILEHICLTEIRL D
e,

2013 4E 12 H £ TIZ 5881 L DB % FHi L 72,
10 FER D IBIRBERR 2 A2 5 L, #il 5 EDEME
BT 413 A, B 5 EOEMTFEEIL 677 A&
1 64% DM AER LTz, RAIDHEATE Z L L, EEE
B DKL T-HER N DIREDIMEA 72 2 £ D HLE L 2R
WEZ T ANDTAD L L H 127> T 5,

WHNELHZIR DY AEEE DT 40% % & T 72 35
I, A, TOIESA ORINDBEEE & 72> T3,
ST TS DFMDOIGHEREEZ S 61 LI H 5 HL
DALADLIL L Z T3 ENOR AR 2
NE NDSHRIE Y 20 R 2 3 L TR D, IR T
V&, SERIZNEDA Z RIS BN R E LT
#cdh s,

2 NFRAROERICDOWVWT

Figure 1 IZ/8F X 91 THEESE PR ICENRIEH %2
BT 2 K FFiaiE ) ~oMfFEEINA TR E > Tw
%, BifE, BEIWREER ZRFEA 4 v BRI 4 Mk,

Lecture 2I-1:The present status of Hyogo Ion Beam Medical
Center and the world-wide spread of particle therapy

Daisaku Suca (Hyogo lon Beam Medical Center),

T679-5165 JeilL 72 > D FT = HIEHS 1-2-1

TEL: 0791-58-0100, FAX: 0791-58-2600,

E-mail: dash@bb.banban.jp

£ 97 5 (2014)

Ba F-Riai ik 8 MEsk D A5t 12 Mgt 2@ L T 5.
MR DIERII B A A 1Rk, BT 4 fisk T
H D 2014 FNITH 72 (B 2 BillR § 2 MaEk 1% 4 Mk
DLEDBHAENS, 2020 FF12iF 30 fEkZ 2 5 2 &
bYW NG, FERFEMOBITL %2 L T 2 D03EkE
DHE A= 2L, IR & TS O % HRE L E X O
HBaAMMETH 5,

BIFE, BLFROGRIEEERER L L TiED T o nT

W%, 2010 AE D SEHEBEIR AR EUE 123 £ TR ETRAH
13173 M, HEAHZEIZ IS EMHIIDIF>T w3,

BrRaix 2 1 (B i & R L) CRER B
79 fEF & RIEREREED 46% ISEL T3, R
BRI A BHE 13 66 M & 2JnERFEH O &l
D 67% 1EL TV 5, SHRERSCE D 7- IR B
INER SR & 4 2 Y HIINE L A S Z 9 127\w», )
WA, BHRTBIEE 72 AR D & 2 AL O R
IHEDHAF S T B BRI T D a7 WA
SEMEERE L ALIEN T S B 72 O IR E T I3 2L L %
W, DF D, JERRENEY TH B - O O R
B L LT RDO—HEEZ NS,

3 REEREBEDHM

BRI E A ORI D 5 2 L IdHEL
$, Z20DHENORFEREZRHET 2 LItk s,
IEHRE OB AR —Z, NULIZEE 2 2~ OFEIC
LE T 2 72 ORI ICHREF STV 5, Figure 2 12
LS B e v M) EEEERR T, R
iz y 7 AREHEGR L ASORE I LB L
DHIRE STV %,

Rrrdkid ik 2 U, TINECE 2 Uk &
VHOREZAELTw 3, s OYERHEE ED L
Wi OB DMED SN TV 5,

Figure 3 |2 EEHERA B 41 C & % Broad Beam i & )i

53



R SmE
ool || _ e
e
B e
2w
% 20
g, =
PEREORE o a
o ﬁ@)‘_‘nﬁ = d=
DFx cm) 115 =
DA
Figure 1. Dose distribution of the particle beam.

L.ayer Stacking

(B scrning |

Figure 2. Image of space-saving proton therapy facility.

JRARIEEE (Layer Stacking) ¥ & QIR 2> & HEF L
72 Narrow Beam % fifj[li CfE A 42 CTHHST 9 % Scanning
HaRT. RA BIIRE BT 2 5~ e i o A
ZIER S 5 720 D = RICHR BN DTS iHED &
TWw3,

4 AMOREREBRICDOWT

TR D LR - SIS P > THEMIDLANMEA, X
%ﬁﬁ@ﬁtifi%&&%ﬁ%ﬁébfﬂﬁﬁéb
EIXWEEIC o T B, ERURKIER, A ELL,

54

TS RG R B, 2SA B EEME#EM72 £ 4 D
NI DVE D A EE A 7 I RIG R % WS 2 72 0 1
FEhoTwab,

DO, BEHYHLE I PEEREBRKE LS T
B, RHOEREENDE LT D0ETH 5, BITE,
PRA Y B 13Ky 700 &4 E A EKEF IR L TWw 503
2/3 IR T, BT REEF X 13 ICEE-oTw»

Figure 3.

Beam-delivery technique in particle therapy.

3., BILRBSEORNZMNET 288 THE, &
THAE) oEWBH 5, THT) (NS T2 2 EEKL
hDEBITF T Th v E b, —JF THAE &
EDDMLHEEZ L TER S 2w, IGROE L L% ik
T5OEZYIMLIIEETH ZRELD, BLTH
LW & N T 2 7 O AT SHEE 3 2 Fol H3 sy
ATW3, B, ™WA7ua 7y a b VBRI
v R EEFYEEER 2 - ADHR TS NERD D

DA—ADVEFEINTETNS

5 F&&b

WKIZ BT 2 AR DG X S A BE D 60% 12
ELTOERHATIZ 25% F116 TANEKR->TWw3,
HAIZ 81T 2 BB EOBEINZ 2015 £ IZD3A R
HEED 40% (T 2 EHATFN TS, Tl L TR
THBBHRLBIML T 2 EBTFHIEI NS,
POERIC BT 5 T — L EWE 2 X2 2 ANMDOE R 25
Lo T3, IR DOEEANDOHEBOWIRF S
nTtns3

ma R AL F



AR

n—.l-nFFHZK

£ 56 EIREHRILE RS
& E 21-2: 1028 BNCT R Z=RIEZ TD
B - BRI O R

RERZRFIFREF 5K E

1 IROZRPHEFHIEERZE (Boron neutron capture
therapy, BNCT) DRIE

T 3% (Boron, B) OZEERMAETH 2 OB (KK
FEH 1 19.9%) 12, T3 L X —DROHFYETTH 5 Eh
kT (< 0.5eV) 2T 2R (chY:1-HiE W
) DIEFICRE », BT 2L 2 B i, ~
) LR (a Ri) ERKBEY F 77 L JFE 1A% 5y
95,

n+'"°B - "B - *He+"Li % %\ 3'""B(n, a)’Li

CORIFIZE > THEL 2N T AP, VT 74
RT3, 7% ZNF N9 um, 4 um EAME 1 IHDK
S I ol ORfE) 2@ {8k L, Z D4
B %)L ¥ —Z {13 % high-linear energy transfer (i
LET) B TH D, BRI KE v (Figure 1),

R FE TS RG %, IR I L2023 %
7 Frh kT He¥i% (Boron neutron capture therapy, B
TBNCT) ThH2. H60L0, BEFICELDPTL
MWHZHT xR LAY ZBEIKEL, ZORIC
k72 BEICN T 5, ZORRE L THIERI S
B TSI X 0 U S 415 high-LET UH
BECTH B~V T LETR, V) F 7 LT RO
JERIIE DK & & %48 2 75\ 72 DM L PR o 1 A
DG E 5 23S, SO ADIERT 5.

BNCT 23T 2 & o1k, & 7 ZLEY o
HLEIRVERICE D & 2ADIEFITRE ., BILER

Lecture 21-2:Basic and clinical research on BNCT for coming
accelerator-based BNCT era

Minoru Suzuki (Kyoto University Research Reactor),

T 590-0458 KPR rA Al AR T {04 2-1010

TEL: 072-451-2390, FAX: 072-451-2627,

E-mail: msuzuki@rri.kyoto-u.ac.jp

£ 97 5 (2014)

4He

/

o um
10B

N\

¢ 4 pm
7Li
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(thermal neutrons) disintegrate into an alpha
(“He) particle and a recoiled lithium nucleus
("Li). These particles deposit high energy along

their very short path (< 10 um).
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BNCT as “ ” radiotherapy modality ‘

* malignant brain tumor
* malignant melanoma

* Recurrent head and neck tumor

H

* Malignant pleural
mesothelioma
* Multiple liver tumor
* Locally recurrent
tumors in pre-
irradiated region
* Brain tumor
* Head and neck
Particle tumor
* Colorectal cancer
thﬂﬂ * Lung cancer
* Breast cancer

Photon therapy
- All of Cancer

* Uveal melanoma
* Solitary liver tumor * Bone or soft tissue sarcoma
* Early lung cancer + Radioresistant head and neck tumor
* Prostatic cancer etc. etc.

Figure 2. BNCT as “Only one” radiotherapy modality.
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http://www.elebeam.com

(BR) 4 —+>—4—

http://www.ece-ebara.com

() HAE 7T e

http://www.jaea.go.jp

ERELRTHE ()
http://www.se1.co.jp

L—_ A (BR)
http://www.leben.jp

(B) A —A—7—
http://www.eor.jp

2LHF7 LA (HR)
http://www.yoshizawa-la.co.jp

(%) NHV a—FRL—3>a v
http://www.nhv.jp

(b)) BRE Lt pn
http://www.kjk-jp.com

E—oaFtRL—>av ()
http://www.beamope.co.jp

(HA)  SCERAROM PR B g 2
http://www.rada.or.jp

DIC 7974 v 7 A (F)
http://www.dic-graphics.co.jp

R EESE (BR)
http://www.kyokuto-sangyo.co.jp

A7 (FR)

http://www.mec-co.com
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