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M HiFrEESF ALY v LB

HF AL v (ESR) AR 2 L T
H U =R BEFOBEMIZIE U Tlib 72D H119528 K
Y XY 7YX FNVTH 7= (Schneider), 1958
Smaller ¢ Matheson 2s@ifE L 7-K{bkFE, 7nrva—
NTT Y AN EBRL =08, REMZFRETIIRMT
Horm LB, MHOEIL Y o1F > ER TEGEOWEIC
B XN IR 7Y AN ZRASIHENITILA
ETh o=, 1950817 - T b, FIREER2HA
Ak Y V) BRAMERBESRE, BEhHES L E
ORIz Om Y, —HIIBOWTUIESRRAR 7 b
ERRFTL & ) &) BRI BEEEGLERTAONIZ AN
7 YV OERAEITIC D70 o T, BURIMLFICBT 5
ESROAREZ DLV HT LR E I,

XT, T IEEMRBFENFET ESR 2L T
W BTG OBIIMIRE L Tl —& 2= 5 TH
v, L2 bF LOIEBITOBR LERICT b To
B, ZITIRTRBEOME CHEEICL o2 b D EPL
ISR LT & 72\, RXOED b\ A SER R
2 OWESEFFIZE . TS TIIEEEO @
AEN OB H A Z L L, EMHOEER
S AN EEGIZEET B E\ ) B DIIRFITH 5%
ARTZIARTYANVORREIN TS LY v 7 AD
WEE T A0, HRENEE TOAVS LD H
TJREZ =D TH D I

1. & #8

Wik T3 hfs, g RFORFEIFIFL SN B0
EHFDAIZE B AT P b, EEREO
DN = O RR R BEEIC & 2 LELH B

EFRBHPORE

19624F1- Fessenden & Schuler %%, ¥AHR{LAKTEIZ
Ry 7757 TRFGLBEL LY LEFNIALE 7
v a3 ESR CTEEIT 2 DICHIIL, BE K opibk
FIZOWTAONI BRI AR 7 v & %o kinetics &

* AARTF ORISR

5 I I R B

RELED, RBAEELREEICEHBEA S TV 5 72 9
12, MR L L OBE OB EIZITZHED Q 23% b TEH
AEEIZe B, 2T T Supracil AERDOT7 7 v b %
AV 2R L 2S8Rl 2 FEXE IO, A
EDY T FURBONIPIET AR bVIEvRT &
NTLEIDIIRLZAL\D, TOREY 7F V2
(FEVRADN TS, BFEY—24% 20Hz THAAZ
{t+ 5L ESR v 7+ 20Hz TERS =1k
V, —HAEDY 7 FVIZEBR SN TPLNT, 20Hz
THRAMRET D EICEVRAEDY 7TV 2R T ER
T& 5 (LEEFEE), ESICHBEICE > TEFE—24
DEZERADEIHFTOELTE—20UHHY 20
&, BE*HTIHFENELNTOEY, EFEIZOWT
DML PE XN TOBY, TOFEZAVT =tw
TNH Y OKEWRD, T IV, T BEOKER,
S PYAKH, TAIT—ART T — b EDOKEED I
DVTARYT P AOEBEIZEIAL 7 Y hrvpiFEE EhT
W3E, TI/BTIZ—RICT 2 2 EDODOODTOBRED
Hip =Y ANy TE AR5, = rax ¥ v Tli€aq”
LORGTTE = CHNO,” & «OH 20T T & 7=
HOCH,NO,” pitgi 7=, = b ) 4Tl R—CH=N.
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DY) bHEGRRHTE -, HOy 7 Fr o ERG RO
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ERREE T HEFTOR EEEOREL & T~ L
¢, kineticspibrh iz, Smaller”®3LINACo) R
WVABFE—2BCT, "VRAIYF IV RIZEAHE
HFariEtfEz ESR TEET A Z LITILz, v 7
Y v 7@EIC &Y FHaH 2~3 psec Pl EDOEHERE OB 4t
TEETH R, COFETY 7oy FrH iUy 7u~
FY NIV ANIIHT S, BRELENDH 5\ VIIRED
YFIRTTANZAARY Y x—DOFFRE Z O kinetics 3
LN, Fm, X ) —NAKBETARMETFOKR
HIZARZIL T 59,

Y4t DRIE
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KFEDRIIHEH 24T 00 s s, @Rk FE LY D
OH Y AnTT7ra—VvOXREDS ERrn=7Y A
WV EBRHT 21T L TUCE, BE F TIC11OME
AHEN TS, FaED DO TIIEABOKER?, ¥
2VBBIUZTOIZAF VDT VI —AEED L UKE
W2 7 TV BOKEBEL R EIZOWTTabh T\ 5,
F7z, BERT bV U L OKIBEP HDELET €T — M1
v CHZCOO‘, AV 7uaErr7ra —1»0)(CH3)2COH
7z £12o\ T natural abundance o ¥C DEHIIZ RN
LTW53,

2. HiE&

B2 OWTE hfs, g RFORFHEIZOVTOE
AN o &V O B0, EEEOME, FE oW
TEELEABEOWEN S\, 77°K ToORE, MEIT
FEIHEL SN, BERTOBH LITLEhOA TS, &
QICBGEE BC, BN, 170 g & 2 AU DWW
RhHL XN, EEBEHTIZ ENDOR, ELDOR™ 7; &
FLOFEFB LR TS, fEREAEEIC OV Tih]s,
ERFDFvINRED, TV AINVIEEELRARITED
FULTH o 7208, EREHIC & 2 TRLEBEBEOWZEA
HELICONT, EEEOME, KL EICOoWTH ER
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7 Y AT OWTIZ19644FE Kurita |2k ) ¥ x Fov
7V 4%V A TRESNTERE S OFAPBE b T
%, Yakimchenko 51419 13 X F Y7 ) F F ¥ HI2D
WK i dh 52 VIEEFREH TAONE 7V hasd
122\, Kuritap B L7 b o> (RIFES. 44) LSk 5
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ENDOR #ESR & §f il & & T477% I WF%E & Box b ikt
T, 42°KOBRHLITE > TEATHmREZ 2T
%, 7T7°K T X 2B L =kdifsRko ENDOR ##
LT, Z00RL->-RHICHZ0H 7Y mr % RH
LEMMT v Y v 2 Ep e, 372 ZofEREFIAL
TESR »bgFrvynvzi 5, ESROATIZ=D
DRI -7-0H 7Y AVOiBfT vy vi&nbns
ENDOR OFRHEARENT, 4.2°KT X2 EHL 7=
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ENDOR # (i L TR 2 ~, 4 4 vyHOFEL
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Shield iz kW fFabnrz=®, 7Yy y, 77=v, 7
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ROHCO-3C5 ¥ 7120, TREET b Y 7 20 NO,-70
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DWTBC, VODhis F vy R EBHOLN TS,

L-7 7 = /77T KBHE CHEMR I 5 iEERI: (D T
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(IDix&L <, 7a bt vyoOBEENT stereospecific THh
3 Z L pMiyagawa H20\Z K WREN 2, F72, O
B3 quantum tunneling model THEF SN 57, F
7=y ANEFYANEORES 3C TFI=u LRz D
WO, KRS TEL ZEEEORME 2 S HICHARICT
37012477\, RCO,MEH FE & V8 T o0
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Q962 H B8, TV LROTBRRIENH 5 Z Lot
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YR BEN) Bk D 5 Fujimoto %0012 &
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T, AlbhTVB I L 2RT, UTHEHR »ERSh
bo ZFHETIZZOEMICAETE W X 23O L 1
5, FRICART AL ) & X 3HRT 32, @
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bz, BRI~ 7BOEEEOEELIZIZFFALT
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@
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)

INTREOT P )7 AHEICOWTIIERS ¥ AMICD
\\TBales 530G H D, Tz, INTERRIZOWT
WBIT°KBHTZON TS 1AH A7 by CO,~ T
HDHTELEET vV vh HSchwartz 3 HuR LT\ 5,

07 Y ANDEFEESOLREA~LNTHBY, Y7 /7%
FURFEDwa T I F3O 2O, 77 Y ADIEN
12, #n#n CNCH,CONHCONH, NH,COCH,CONH
Do 7y AN RESh, BEMT v I v EHHNT
Wb, &h, vav7 I FOWEICIISN-v a7 I F
BRAVLR TS,
EhoBbEWTIEIY 7t asa 7 I P, K-
FnFaanzZ@Br ) vLa®, Pyt arTes
F397 E TRV T bz, PY 70t aTEd I F
TIZBEFERTA—F % ¥ 7 ¥ A1 +00CF,CONH, 813 U
HTEA SN 7=,

HRCOMRBIOMESY 7 F 1 F BEERH TR S
N34, F7- Gilbro L3RV T v, ~x¥ v,
~NTY v, IV, FAY, VYT AYON=-FT N7 T
BfEL 2oy, T7°K BETERENDIET Y At
CH,CHCH,-R TH B Z & 2Lz, TDIEH, €
VIV VREZLOMEW, YYD, YelFuryIy
WM FaF RS, FIY O e FaF o
REICETBIE, 135V -0, Y27 (9, dl
FEB® D, AnE vBDE EOHEIT bR,

3. 3R, HF7RH

SR A 7 A TIIEFRD & ) ISR EDORITH
TERVDT, 7V AVEBEEZRAMI TSI L3 T2
L2, Bt ofEEIRBORIE, 77 2 R ToRmME)
BIZOVWTOHERIZINICE ZRELEH AL, 7V AN
DREZECEA~D L LIIAFTH S, WREFPLPHE
FOWENETH B0, 7Y WNVFEOBELZE S
LEYETHAMRLSHA TS, KAETEHFL TTE =
72 AN ZEBIZHE S22 KRB TESR 2 J5E T 2%
LEbLbh 5,

717 A TOMREFOMRBEZHAL 22T 2HH
—CYoshida 5|3z ¥ / —n, 2-MTHF, 3MH T77°K
H BN 2°K AHRTEL - MRBEF2HlL, 2<~7
bV DFIEORTEH HEFOMIEIC Willard S0\ &
I B FORBEMEIZLT L LETIZRVE LTV 5,
% 7-Higashimura 550 |3k-2F v v 7 54 3—niZD
W, FFORAEIEFOMERBICEERT L %
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ESR L UL OFEH H#iaw L Qb oy F2f rigid TH
EPED VK TIIT7°KIZ b~ TET O trap OFES
2L, GE LS,

3-MH, 3-MP L EDTF VA v H T AW TT7°KER
FTAART bIZ, e &7V ANET TR IEL
LEZLND Y 7 F NV OIFFE % Yoshida b5 (3 RH LT
W3, $/-2-MTHF 75 2T, e X7 ) —FHIZT
S ANDWERT BT L #Sargents® | IFEBEL 1=, TDIT
7 alkaline ice2 < by w7 RELEF IV ELET,
O & s, alkaline ice TH7 ) —F Sh b5 EH
LSz DOWTHEYH B,

EERBIHELES I L VEBRY 7 AP OfiiEE T,
IV ANDBELAONZO, TOFEITART P
OPFEH1072sec ¢ order TT X, JWHEDFN VEHRED
kinetics # @~ 212 %Th 5, 2-MTHF |2 D\ THliiE
BFOWMEL R T2 OOEEEEE LD LAHRIC
Lol

H FEFIcBL T3, F 3 v-acidic ice T, H ¥
DEE~DO,NFED, BEFRBOKBEBRIZHBV 5 HE
FORMED kinetics® 7z Epih b, $7-, BENSHAL
F 72134 7 AOREMERILARIZ OV T A KOS T X ¥
vEBREHEFRBEHN SO L 2 Timm 3 B
LT3,

A7 ACBYT B35 P ANVDER, BEFENZOWT
13, KAEZVEFLD —baFujyss,xy ) —uee,
TP FYND, R—FuFuy7a~ty e, &
BT+ VY AORKBERS L ETRAALN TS, K
{7 xnic TT°KBRHTERSINZTVIVF VANV
OWEF CHs+1- 7213 CHs+1 o3> geminate
recombination |2k 3y DE Shi=, T2 OWEIH
FTAHEDDT A Y b—7HRELRIT Shi=s,

EHEEROTALT v % v (Cl T TREVHBED L D)
IZDOWTTTKBH TIONB ESR A7 P ART M %
W Y AN BHMZ1000G (2 7= B IRIEOEHE S
o T AEAZ, Egland 5™ [ 3RFENDT AV b—7
2 ZEI2X WCHIT F-13 CHIEHEEL -, 1-
7ux7 Iy THLTNENT Y AN EEBET BRIENA
7 PHFEASDNTNED,

SRR D7 Y A VEELERICOWTL, dlsy
v, kT v, AR BRI 4 E TSR
7= 7= Tolkachevi,™70)37 = / —v, X ¥ ) —,
AN 7@ LR DR TT ¥ A VBEORERFEDS
b, ZFVANVIEREORBEBE SN TS EL
T\ 5,

1MeV o> He* { 4 v TRAEAR 2 ST L, EHIZHEE

K- {RHRET ESR %%+ ACrossed beam ™ |1
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DFEIZHIIL TR, e D A & v -t&FERFIREH
T113107%s TH 7 Aok (8M NaOH) |Zrighds L Tz
bnrze EEABETH -7/, 72 NO TIF BN 25~
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vEY, 1379 VT v EIZDOWTUTabi ),
FAS H BOE MERE O 2143 AR 1 2 DV LB R ] o Bl
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12X DRy -k &, Raitsimring HiI2k AR
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BHRTDIIENLEFET =AY IVAMIEZ LD
LEZONB1, Y

:muv,xa7uw$mux77uw&x%wmn"
X758 FYyNT7YV—FU0 Fzyo=}ypun
XZT77Ya=bYaud L CEEEALBEES ¢ T
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I. [fEoWE

a X B ARITTTE W HOREIF19204EEH b H 4T
Thn QA3 %, %, Ar L\ standard |zfEibn
ARBETSA W R RVKETROON B & HIcko
T=OEBEENZ LT, BEGETE 2 LBbh 3{HI3%
QUIxt LT 33.88+0.06€ev, Ar |3 LT 26.38+0.07
ev TH 529, He DL IIZHICHIE LI VL D2
T, ZOMDE L OKREICOWVTLBETIZA L V{E
kD 2[EELIEONTNDEVRE I,

1. BE—%fo W ELZOHER

Jesse ik o THIEEN: B MBIV a HicE 2%
HE—RED WHEZzZOLF eRTF vy e Vi &
ELIZRLIZRT, We/Vi R FEH ZIZOV T 1.68~
1.81TH 2 DIZH LT FRUFIZ DOV Tid2.08~2.55 &
DEYVIELDNVTNE TEbh b, /- Wo/Ws 13
TEERGETIZIZLEAE 1 THIDIL, FFAE T
1.04~1.09L 7L > TV %, WV F Eo L3 2 X —DTF
BRFHVREFTEZOIILX—2F TR LT 3
&, XDIFNX—IREOBHELBHRICOVR END

% 1
. W, W

Gas Vi(eV) | (eVion pair) | (eV/ion paiv) | Wy /V | Wa /W)
He . 24.58 42.3 42.7 172 1.01
Ne 21.56 36.3 36.8 1.70 1.01
Ar 15.75 26.4 26.4 1.68 1.00
Kr 14.00° 24.2 24.1 1.73 1.00
Xe 12.13 22.0 21.9 1.81 1.00
H, 15.42 36.3 36.3 2.35 1.00
N. 15.5 35.0 36.6 2.26 1.05
0, 13.55 30.9 32.5 2.28 1.05
Air 34.0 35.5 - 1.04
Co, 14.4 32.9 36.0 2.28 1.09
CH, 13.10 | 27.3 29.2 2.08 1.07
C.H, 11.6 | 24.8 26.6 2.14 1.07
C.H, 10.8 |  26.2 28.0 2.43 1.07
C.H, 11.4 25.9 | 27.5 2.2 1.06
CHio 10.34 “ 26.4 2.55 -

CiHy 11.3 ‘ | 26.3 2.32 —

BF, 170 - 1 36.0 2.12 >

* FLAERRRRT « AR

137, subexcitation electron d{ DXL XA X —|3FE &
LTSk F & OFPEFEIZ & - THEHFEEIZ 72 o TW
(o ERENT=A 4 OB E Ny, BIREFFEIE
DT ORI E Nox, ZNZTNOH EBBRTEROASL X
V¥ —% Ei B XU Eex & L, subexcitation electrong
FEEHI AL X —% ¢ LTI ATNFO 220X —Eo
IEDEDEHICHE LT LVTES :
Eo=NiEi+ NexEex+ Nie.
L7=285 T, W=Eo/Ni=Ei+(Nex/N)Eex+¢ &7 1,
3=
W/Vi=(Ei/V)+Nex/Ni)(Eex/ V1) +(e/ VL) -+(1)
BACEELBLTILHNTE S, He 2oV TR
FAOZFIHERIZDED L Y IHEE SN TS -
1.72=1.06+ (0. 40)(0. 85)+0. 31.
ATEIZ DN TLWRD ALFHIZ DU Platz-
man (= & ) RHHELHEE A Sh Q0 B0 (R2),
tH, BGf Jesse |3 Hg & W HZHEEL Ar
I GEVME 2B E VWb s, 2 FLKLIE #-
Hexane 7 EHETIIREOABMEOTAEIZ B W 2
W &R0 0H 54, ZOEIZEEOBHEICHBYT S
W 2 LW, PO EDIZHS (R3) Ll E®
<, ZOEMIEFEA R OWTObRbh O T i i
Bzt 3,
0. W O I ¥ —felFlE
a) EFoHE - He lcf L iz Miller o3 H? (X
1) MEBETERLDLEEZOLN TS, TDFFHEIZ
Monte Carlo @12k Y 1 4 1t total cross section

£ 2
GAS | Wg /V, E./Vi AR Ea/V[ | Nu/N
He 1.72 1.06 0.31 0.85 0.4
Ne 1.70 1.06 0.30 0.85 0.4
A 1.68 1.10 0.30 0.85 0.4
H, 2.35 1.20 0.20 0.90 1.1
N, 2.24 1.20 0.20 0.90.| 0.9
0, 2.55 1.20 0.20 0.90 1.3
co, 2.38 1.20 0.20 0.90 1.1
CH, 2.10 1.20 0.20 0.90 0.8
CiH, 2.25 1.20 0.20 0.90 0.9
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1

At Smith OERRME® 12/ LIICL TUT L 223D T
Hhb, 45ev DEIAHIZUDHHDIE, IV KL
IRV X¥—DEFIT ionization 2B I LT x X —
PRoEDLY, LAV RELETZRAVE—%
o T\ 398, 45ev LI T O F i3 2 B H o ionization
RRILADVEDTHS, 65ev Mz AL
THHATE S, W HIBF =2V ¥ -2 L BicD
NTFY 2kev T46.5ev LEHFEEN TS, 48, &
3 Alkhazov ¢ He |cOWTEF = x4 ¥ — 2.5kev
T W=46.2ev LIZIZALMEZH LT 32, EBRAIC
BT AEOVZ IV F IOV THARETE 2hHThH
D, W ffi3 41~46ev & EBEIC LY H30EH D0
T\ 5%, Jesse |2 & 5 42.7ev , Bortner and Hurst |2
X 346ev D 2 ODMEH & { 51 Eh 3029, Platzman#®
13 Miller mz}FEE5:46.5ev & Jesse OFEMHE & 42.7
ev ML, FE\EiRREICH 5 He F1Hiho> He JiE
FLWELERT LT A 4 v 2185 (Hornbeck-Molnar
process) OT4 4 v DULEAH B EBORE L BHALT
WAY, HLEI LT W EICEMEEFEESH 2137
Thd, Lo L, 20L& ) mIRIHER SO,

F 7=, EHEWIIREMROERL LFF1 + VERILH
o7=& LTY, Miller offi % Jesse offiiz Tif 312 &
K&EWH E) R TH 2L LTS, K21t atomic
hydrogen =\ T¢ Dalgarno » o :E!> T W=
(dE/dx)/(dI/dx) 13fsrigicRbh snrz W ETH 5,
Z DTN Peterson and Green'® |z k% H, N, 0, 7

SOW

I
S

w

ENERGY PER ION PAIR (eV)

w
=3

200 400 600 800 1000

=}
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300 Argon o LOWRY and MILLER
| * DOKE
- PR
= | et ,
x-a | .
e L ﬂ -T}-Jl& —————— &--— 26. 4eV
= o5t
20 . . s
0 100 200 300
Ep(KeV)
3

ENZDNWT D energy KAFMEDIHHELH 5,

b) BT, a hit :Ar o E& o W 4§ o Proton
energy Ep |24 24KFE A Lowry and Miller 5 &
UEFRICE > TR = (F3), Ihnbo EEi
10 Torr IEDEN TR SN T2 b b T, B
Eiohid s Wi (26.4ev) LB 3L X — 2BV T
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