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W5 RE ORIRBREE TH 5.

L WBEHRRI A ORI E 2 S 01, &EO
B L VBONEE—LTHSD, V—HF—E—A
B TEELBRETH 52, I TRERLEWL,
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1. 4710nm BORBEH - T

VEDCClLEZEL 3 —XAF V¥ > (3MP) 277
K THREHRIBS 4 2 &, Al uRIE S HB ¢
2. 2 OWRIE OREIC DT, Hamill & OR4E (1962
FE)VLIK, HBOMEEICL > THEL EFDITER
(&1).

Hamill 1%, Z OWIH % B8 (CT) #&4 Cl-
CCLIZIRBL 7z (19694F) P, ¥~ Vw7 A% 3-XF
V78 (3 MHP) h»z2 5%k, 470nm €—27
PSR z370nm i E— 7 pSEAR B oh 5 (K1), 2
DY — 7 ZTTK TREET, HBR WA 3 LFEEFIC
470nm ¥ — 7 H3EH0$ %, Hamill 1Z370nmt — 2 %470
nm ¥ — 7 ORiEREEE 2, CCLHREL 72, CT 8
& C1-CCl 13, CCl,* & Cl- & DHFFIRIGTERKT % &
HEFm L 720 3 MHP 10 CClL,0OR 134 & 72D T, CCl,
DE#EA A M X > T CCL*BERKT S E3EZ N
W, 258, 3 MHP*2 5 CClLANIEEBERBFEE) L
TCCL*BERLIZET S E,CClLLDA A ALERE (IP)
1311.69eV, 3SMHP O % #1310.34eV THH DT, K
JG3MHP*+CCl,—3MHP+CCl, 1 iZk#Eh & 22 b, 77
K OEBRTIIE S £\, 2 2 T, Hamill iZ3MHP O
#AHF 4> (3 MHPY) * & CClLADIEEBHEE) %12
KL 7.

SMHP~~—  (3MHP*)*+e Jq)
e +CCli—> 3MHP+CCl3 2)
)

(
(BMHP")*+ CCli—— 3MHP + CCls* 3
Cl' +CCly — CI'CCly (

AR

I
300 500 nm

1. 2 mol%CClL/3MHP D77K, WX A2 k1,
(1)FEHER, (2)109%, (3)9054#%, (4)
J (1>620nm) 7Y —F#% (R 7 & 0 EEE)

ke A > & DIEBHTEE & 5 Hamill O E
R E U X, Z D% CCLARDIIEMEFR TR S
EonFCikol:, WHEMEEZONBFIESY F4 >
&, ZO®BEKIGIZ & > TERT 2 PRGOBZEC,
Hamill 5 D%Co—y 7 ¥4 V) vy A b T/ A
TIF Y Y REBERE 2o 7z,

Biihler 3#% 72 EBFER ORI H £ 1T, 470nm

The Ionic Species Formed in CCl,-Alkane Systems
*Takahisa ICHIKAWA [RERFILHEER, #0%, B, BEE) BERISYERRAZZAEGHEMERET,
R4 B TR B, A4 3 H2 5 1 FRIKE  — b V¥ AKEMEARZEE, BR4SER

BRF TAEARBh AR, BRAISA4E & 0 Bl

(HF9) Edby, (ER) B35, GERE%) T724 RILBMHHERETTR LKBAY T, BiE0824—22—

7111 (N 3302,

BCOH oAb
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Hamill, Notre Dame (U.S.A.)

1) 1962

2) 1964 ; 3,4) 1966

5) 1966

6) 1968
7) 1969

CCl,~ (488nm)

CCl, Cationic (480nm)

CCl,* (400nm)

CCl,* (470nm)
CCl,*(370nm), C1-CCl, (470nm)

. Willard, Wisconsin (U.S.A.)

8) 1967

9) 1970

CCl,- (366nm) *

MCH*+CCl, (425nm)

Thomas, Argonne (U.S.A))

60) 1968

CCl,* (475nm)

Ceuleman, Leuven (Bergium)

11) 1965

CCl,*(350nm), C1-CCl, (470nm)

Mehnert and Brede, Leipzig (Germany)

12,13) 1979

14) 1980, 15) 1984

Cl-solv N RH+solv (475nm)

CCl,* (340nm), Cl g1y *CCl, *o1v (475nm)

Andrews, Virginia (U.S.A.)

16) 1975

‘ 17) 1979

Iyer, Bombay ( India)

18) 1980

CCl;3*(1020cm™),

(CI7)CCl3* (1037cm 1)

CFCl,* (405nm), CCl,* (425nm),
CCl;Br* (450nm)

Br-CH,Br, (385nm),
Br+CHBr; (435nm), BreCBr, (490nm)

Suwalski and Kroh, L6iz (Poland)

19) 1981, 20) 1982

21) 1986

CCl; (365nm), CCl,~ (565nm),
CCl,*(440nm), Cl+CCl, (470nm)
CCl, (354nm), CCl,* (420-435nm)

Sumiyoshi and Katayama, Sapporo

22) 1982
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CCl,*(325nm), Cl-+CCl,* (470nm)

CCl,/3MP, Ip-MCH. 77K, Glassy.
8Co-yRad.

CCl,/2MP-1/3MP, CCl,/Tol/3MP. 77K
Glassy.

Neat CCl,, Ar/CCl,. 77K,
Polycrystalline.

Alkane/CCl,/3MP. 77K, Glassy.
CCl,/3MHP, CCl,/2MP-1/3MHP, 77K
Cracked Glass.

CCl,/3MP. 20K, Cracked Glass.
%Co-y Rad.
CCl,/MCH. 20K, Polycrystalline.

Neat CCl,, Benz, Tol/CCl,. Liquid.
Pulse Rad.

CCl,/n-Cs, n-Cs, n-C,. 77K,
Polycrystalline. *°Co-y Rad.

CCl,/c~Cs, is0-Cs, n-C,. Liquid.
Pulse Rad.
Neat CCl,, Ar/CCl,- 20°C, Liquid.

CCl,/Argon. 15K, Solid.
Proton Beam Rad.
CX,/Argon, 25K, Solid.

Argon Discharge Photoionization.

CH,Br(_,/3MP. 77K, Glassy.
5°Co-y Rad.

CCl,/MCH. 87-142K, Pulse Rad.
CCl,/MCH. 4.2K, Solid. **Co-y Rad.

Neat CCl,, c-C,4/CCl,. Liquid.
Pulse Rad.

’
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23) 1982 CFCl,* (305nm), CCl;Br+* (360nm) Neat CFCls, CCl;Br. Liquid. Pulse Rad.
Cl=*CFCl,* (430nm),
Br=+CCl;Br* (520nm)

Tagawa and Tabata, Tokai-mura

24) 1983 CCl,(330nm), CI~-+CCl;* (480nm) Neat CCl,. Liquid. Pulse Rad.
Shida, Kyoto
25) 1983 CCl,*(380nm) CCl,/CFCl;. 77-K, Solid. ®Co-y Rad.
Biihler, Ziirich (Switzerland)
26) 1967 Cl*Benz (490nm), Cl+-Tol (475nm) Ar/CCl,. Liquid. Pulse Rad.
27) 1975 Br+Br-Benz (570nm), Ar/CX,/3MP. 77K, Glassy.
Benz*+CCl;Br (740nm) 2-MeV Electron Rad.
28) 1978 Free or Complexed CCl;* (500nm) Neat CCl,. —22°C, Liquid. Pulse Rad. ‘
29) 1980 FL*+(380nm), FL-(440nm), FL- | solv | Neat FL, CCl,/FL. —34°C,
CCl5*(500nm) Liquid. Pulse Rad.
30) 1981 Solvent-separated model, Ab Initio SCF Calculation.
Cl- | solv | CCl,*
31) 1983,32) 1984 CCl,(335nm), CCl,* (500nm), Neat CCl,. —22°C, Liquid. Pulse Rad.
Cl- | solv | CCl,* (500nm)
33) 1983 Cl~ | solv | CCl;* (470nm), CCl,/MCH, 10. —100°C, Liquid.
Cl~ | solv | C(CHj;) 5* (450nm) Pulse Rad.
34) 1988 Negative result to the C,y contact pair, Ab Initio SCF Calculation.
Cl--CCl,*
Weinhold, Wisconsin (U.S.A.) and Weiss, Erlangen (Germany)
35) 1985 C,y contact ion pair model, CI-+CCl;* Ab Initio SCF Calculation.
Klassen, Ottawa (Canada)
36) 1987 CCl,~(370nm), CCl,* (470nm) CCL,/3MP, 3MO.
75K (Solid) -123K (Solid) . Pulse Rad.
Ichikawa, Hiroshima ‘
37) 1989 Contact ion pair; Br~+CCl;*(480nm), CX,/5MD/3MP. 77K, Glassy.

Cl-+CCl3*(470mn), Cl1-+*CFCl,* (438nm). 5°Co-y Rad.
Anion : CF,Cl,” (314nm),
CF,Cl~(300nm), CF;Br~(314nm)

* Willardix "Note Added in Proof, XBWT, ZORBEEMEIL T3,

B%%  Ar(Aromatics), Benz(Benzene), CX,(Halogenated Methane), c-C,(Cyclohexane), FL(CF,CICFCl,),
iso-Cs (Isooctane), Ip(Isopentane), MCH (Methylcyclohexane), 3MHP (3-Methylheptane), 5MD (5-
Methyldcane), 3MO (3-Methyloctane), 2MP-1(2-Methylpentene-1), 3MP (3-Methylpentane), n-Cs (n
-Pentane), Rad(Radiolysis), solv(Solvent), Tol(Toluene).
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B Clmk CClLt DA A BB L 72 (19784E) 20,
WIXBME LT AF LYy Z7uaFH > (MCH) 2w
oW AZPF Y YA (—100C) DFER%EZ, KDL S
ZRICEH#E TR L 2%, $2bb, CClLOFREINE
TFHEIRIC & - THER L 72 Cl- & CClLA8, Bz k- T

MCH~~— MCH" + e (5)

e +CCly— 'y — (CI7 +CCls) (6)

MCH"* + (Cl" + CCl3)——MCH+ (Cl” + CCls™) (7)

(Cl +CClst)—— Cl |MCH| CCls* (8)
HIZHHEL 2 WERINICR > TEIEBR DY & MG L
T CCl* &KL, ZTOFBRC Lo BlicA A+ >xt
N EINDEVWIEZTH-T, Lrl, EREE

P o xtiz L TR (M2 A) SR RN, @
BIZHPML T CCLIZR EFRENTO, 22T, B
DF0A & CENCHRA U 72 solvent-separated 4 # > %t
EREL T,

Biihler DR F 3 Z % KR 2 EHA % EERIIZFHL
B o7ehd, HLOEBERE FELhro7, L
"L, 44 OBz OWT, D%, Weinhold &
Weiss & DIffFE 7 Vv — 755 Bithler DE TV LIRS
b ORI NI (19854F) 39, §ibb, M2 BOD
&9 7% CouBY contact A & > %t Cl-+CCly * WL EIIFAE
L9552 EE2ERmIGTECE > TRL,

cl S
\k————cn /}-——a———m
Cl/ -

’Cl

(A) (B)
®2. ClI*CClL* A & >xfDHEiE. (A) Co B (B)
szﬂ

Klassen I, Hamill 8 CCl,/ 3 MHP T CClL,* & /@
J&L 72370nm £ — 725, CCl, CRBTE2 2 L 2ET
IR OVRITNE %2 L & R TH S hz L 72 (19874F) %9,
Hamill DRI A F4 > 56 CClLADIEBEH S &
WIREKR, THTHRE»S DM, —7/, #
#5131-70u~x>r ¥ >~ (1-CICs) &£ n-4 7% ~ (n-Cy)
ERIFIE LTE&R n-~F ¥ > (n-Co) DRIZBWVT,
RO > RRIEHES D% ESR BEHAVTRELTY»
7238, Z ORI X, Bithler DIRE L I KIGHEEZ D b
DTHo1.
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n-Ceé ~~—n-Cs"+ e (9)
e +1-CIC;——(Cl +CH:2R) 10)
n-Cet+n-Cs —>n-Cs+n-Cs (1

#-Cs*+ (Cl"+CH2R) — n-Cs+(Cl'+CH:2R) (12

Truszkowski L ZEHX, ZDfFER% Cl--CClL,* A
A URERIGAT RS ERICEF LD, H1E
FHTDI98BE2 HThH o7, CCLLES —AFNTH >
(5 MD) %#&t3 MPIZ2DWT, ESR & ¥R & ~
7 bV ORITE 21TV, Bithler DE L 72 KIGHE#E S TE
LWwwZ & %FEBHL 72, % 72, Weinhold & Weiss O ¥
% contact 4 & I OENRZ Y THLZ LR HEHL
72 (19894F) 37,

ERDOE S birT, EHZELEOREOWABEIZOWL
T2 DFBAE T, A ET— I OELEE LR L,
AFTER S BB E o2 L%, B
LTBELW, UTOETRREINZETFT NV 2ES
HIEFF > THD EiF 5. LosL, neatCCl, ORIGE
IRBRD & 5 THBDT, 412 CCLOT N F >
WOWTHRN, B5EFTE LD THAET 2, BEKET
WV ORPVE ERT 23w, iDL > icsE- 7 BE
WCEDIS VDD 2720, EHITAAAS>THS, E
FHRIXRTOFERERY EF20% 10T, BRDOH >
TeRIEIZ R - T L 72,

2. CT #f%, Cl-CcCl,

ATEE T 7z & 512, Hamill 13370nm ©—2 % CCl,*
ZHRBL, 470nm Y — 27 ORiEfEE L2 (”1)?, &
DD 5 18FEHICH K I iz Klassen DIFFRIC & -
T, ZORBIIEY TH->TCClL-"THa I EHEHS,
1278 > 7239,

Klassen D95K /SWV A Z VA4 ) ¥ A DFERIZ, 370nm
E— 7 OWA L FIFFIC470nm ¥ — 7 238803 2 O %75
LTw3 (M3 A). Lal, 123K Ti2370nm »SFELE
LZ2WDIZ470nm ¥ — 27 OEMBED 5h 5 (3 B).
Z DOFERFI70nm E— 27 DA £ 470nm € — 27 DM
%, BEFGU DU ohRnwI L &2RY, Lo T,
Hamill DR (K1) 13370 £ 470nm £ — 7 Oz,
BARFRINES LObOBED o L EEITEZ 3,

B 4 12 Hamill DFa& U 7z "RhiEs S » + 4 >3, %
X LIEBRRERERTY, CClL/3 MPIZ b v >
(Tol) ZEHML T L &, £/ ~v—hF% > Tol* LI
JE& L 721050nm E— 27 13EMF 343, 470nm E—2 i1F
—ETH, 470nm ¥ — 75 b VI HINCEKEL 2
WD, IS A F 4 >~ OIEBEFATH CClL BRI



E™Y T T T T T T T T
o A, 95K T B 123K |
2 + ° -+ ~
- ° e -
°
°
T 0o ® %o i o0 o ’
eo® ° e See
Loo © °© o5 0T®%0 L
°
0 1 1 1 1 1 1 °?°°°Oc .l
-7 -5 -3 -7 -5

Log(time, s)

3. 0.22M CCl,/3 MP T @370 (O) 8 £ V¥
470 (@) nm £ — 7 OBEFE 36 L D EE).

oD

0 ] 1
1 2 mol °/e

4. 2.6%CCl,/Tol/3MP T®D470 (@) £1050 ©)
nm E—727 O bV EERENC 4 X DR
E).

BEIL TV BERLE L.

L » L, Bithler ®470nm £ — 7 123§ % IEE AT
K OBHBIERIZHES T, 7=V > OBE, 10-2M D
WINIT470nm B — 27 3ERICHZ %39, LIzht-> T,
Hamill OFER X b Vv > OFBE D &, B S F 4
Y5 CCLADIEEHMBEBIERCE T2 Lk,
ZOFWIRHEROER L, BINA 7 b VORI R
W3 5 L EHIZEZ S, Tolt L IRE L 721050nm v —
2R FA~Y—HFA Y ToLb ' iCRIBTRETH - 139,
Tol* & Tol- DI H3470nm ¥ — 27 L x> TWAH]
REMEDIH D4, 470nm ¥ — 74720 2R EHT 01

HEgELrEz o5,

Hamill ® Cl+* CCl, € 7V TIid, Cl 2% CCl,*~EHE)
THEBENEEN TS (4), BiK% 3 MHP »5 3
MP, 3 MP-4 VYRV ¥ VREREEZBIZONT,
470nm £ — 27 %58 o fz. Z OFER I, Cl-OB#Es
BEREOET > TR ko1 THB LFH
BHL 727,

Willard 320K @ CCl,/ 3 MP Ti&, 370nm £—72
DHHIT B DRFBEDI, ZOE—27% CClLZREBL
T, TTK TREETH 5 DZBEHED 7 — IR IR
T5bDEL. LaL, #@XHD "Note Added in
Proof, i28WT, 20K O ESR A-X7 b VHTTK D%
NEFUTHhoERIHEEAT, ZORBEEMEIL
(wmﬁw.:@%%uaua,%xwﬁﬁ@tmc.’
OBEDHZ 5N T CCL DAL LT L HfR ST,
Ceulemans ¥ CClL,# &t n-C; (n-2>% ¥) ® n-C,
DEFET~ Y v 7 212350 £470nm 12 ¥ — 7 HSHIRT
20EHEML, zhveh CCL*, Cl-CCl kg L7z (1975
) 1w,

5 12 Suwalski DT> 7z CCL,/MCH D/SVAZ Y
F V) ¥ A& o TEIBINARY bvERT (19814F) 19,
95K DHIFE TIF370 L 440nm K E— 2724 L2, AV
X/ —)VEHRMNT % &, 370nm ¥ — 27 I3 L, 440
nm PR D5EE 13D T 5. HARKIZ145K THIE L 72
BET, 370nm E— 27 1359% D, 440nm E— 7 23K
T2 EHIZ470nm E— 7 BHbh b, 4V SN/ —

ol 95K 142K
0.2
0.2
500nm
0 1 .
400 500 nm

5. VRS L70.2M  CCL,/MCH (O) 8 & U
0.2M CCL/IM A Y Fus8/—)/MCH(@®)
DORINARZ by (XER20& D #2F),

B #® b F



IWIIEBRRA & U TIEA 3 % DT, Suwalski 13370
nm % CCl,~, 440nm % CCl,*, 470nm % Cl-CCl,iZ %
NWZHREL, 440nm ¥ — 7 % Cl-CCl, DRIEMETH
% CCLtEFRL .,

Willard 1320K T y H&f L 72 CCl,/MCH 258 V>425
nm E—78HHbhsD%RHL2(1970)9, ZDE—
7 3 IEE W # € % TMPD (Tetramethy-
phenylenediamine) DM T K 3 5. Willard i
Hamill ® CI-CCl, & T VIZHBEEMW T,425nm € — 27 %
MCH* & CCl, &£ @ CT #&, MCH*-CClL, i /@@ L 7z.

3 . Solvent-Separated 4 # 3¢, CI- | solv | CCl;*

Biihler i Hamill @ "RH&EEEEE S F 4 » 3 #tf)
HER%2 T TIK1II3FEDRFDOF TRRT W24, P
(alkane) ~10eV, IP (CCl,) =11.47eV TH 3 DT,
BT vH 56 CCLNIEBHLIBEIT2 XD, CCl,
OFRBEE TR TER T % CCl, (IP=8.78eV) ok
BL T, CCLL*RERT 2 AIREMSE W BTz,

1978 FEDFH|E?® T, ZOEZ ZFKBEIETHA AV
OHFIKIE, Cl-+CCl,+—(Cl- « CCl*)— CCl,,
Ok ETE2EZ RHOb LT, —22°C TD470nm
E— 7 OWEH 1 REIGHERIZ L1205, £ Ok
b A VF—532.6 kcalmol ' E{EVDIX, TDET IV
BEUTHBELT.

ZDA X ETNVTIECl-2 CClL* oK L &,
RT ¥ v VAV F—iHE B T RV F =035/ &
BEFNRHST, 44 VHBLRENT 2LEND S,
% 7, Biihler & CCl,* O F 8l A0S Cl 2SO B
DI ANF—%FE L7 (ab initio SCF #HH) 39, L
»L, ZOFETIECl CCL*BEECHFLET D LD
AN TR

Z T, REEFENNC L 214 4 o ROREREE Z,
HHEFEHEI A VY —2RET L7, B 1EIEA 4 M

V=gig2/R—Y2-2(Ei, i) (14

D7—ayIANVF—T, F2HEIIA A 2D
HOoWEFFIFRINIIEBF LA 4 o DES
EOMAFRI ANV —TH 3, IE, BA 4 V2858
THEONT, FBIHIITY, F2HIHCEFRT 3.
KR, ¥IBADEMTIANY —OB/NEELT. *
DB 1Z CCL LB D & %0.5 kcalmol ' TH - 7z, Ff
MOFEHALT A F —DFEERE2 . 6 kcalmol M2 LT
INEWETH STz, UL, FHEOELEED T
FBLOZLEZ, ZORBERBHECE > TA A o0t

% 48 5 (1989)

DEEWFET BRI E Lz, AV ¥—sf/he %
LEEBENI3ATH B Z L5 5, Cl- & CCly* DI T
13FHBIRA->72ETIVCI | solv | CCl* 2BEL 2
(19814F) 3,

Biihler i%, V& D WT, XNWVATYVX ) YRR
o T CCLOT VA VEERHFITER L 124 4 ottt
BRFEL WP LIz (19834F) 3, IEE AT ##RH (aniline,
TMPD, cyclohexne) ¥ & U' & F i € &l (SF,,
Freonl113(CF,Cl CFCl,)) &I & D, 4 & > % (470
nm #) DERREIZE S & DFATHEA L /2. Biihler
DREL 724 AV RER O KIEHHE6)~@)Ic B\ T,
IE, ADEHBRANZRZARIET), OLHBESTHI
i, ZORRIIEBETES,

Biihler &), (6)icBd53 5 IE, BADOEM IZAI4
%t (geminate pair) TH2BRE & L7z, $4bb, X
& (geminate recombination) % ®bh T, 7
V—iZolce BLEU MCHYZ LB RIGTRWE LT,
RIG6)TER L7z Cl- & CCly28, BT & > THENIE
B 5 VWRIZ, 7 —a Y5 I TR > T&7/z MCH*
DIEBERIC L B RIGE LTz,

Z DILHEH & Biihler & MCH, c-Cs (cyclooctane),
iso-Cs (isooctane) OB EZEZ T, 44 X
ERRDOZEI%EL 572, MCH & iso-CsDIEA & > D%
B 4+ (22°C) 13, ZhZh5.8X1073, 1X10~3cm?V !
sTTEHEINTHB YD, MCH Off IdL#RHE > & 1
FENBECHERTEWI ETHONTWS,

X 6 12 Z DBINA 7 bV %E7RF, CClL,/MCH 13470
nmiZE—27 %240, Cl"& CClyt& DA A U HSERK
T5.cCeDHE, c-Cot LB IN5680nm 12 E— 7

1036¢

:

A,-100°C

0

500 700 nm

6. /OVAEEL2102M  CCL,/MCH (A), 102
M CCL/c-Cs(B), 10-2M CCl,/iso-Cs(C),
X33 & D R E,



2EL3, ZOC—7 F2RKGEERICL72H> T
BWEL, cCtiz7V—AFA > ThBELL, isoC,
OHE, p OfEIZ MCH ZHART/IE L, iso-CsDIE
BRI RN WA A U EERT 5 2 L3k
, 7V —AF AL LIRS, LL, iso
-Cs THIbN72450nm £ — 2713 1 K EEE R > T
WE L, —100°C TO¥FM L E L 2V F -3 h
Zh t,,=0.8us, Ex=1.1kcalmol'T»>7z. MCH
DOBE DFH, t,,=5.8us, Ex=3.3kcalmol* £ FERT,
ZQE—r%AFvrhRB L. 1L, 44X
BRD &> ERIGEBETER TS E L. Thbb,
is0-Csld 4 & LD, B HIZ(CH,)CrET V=T Y
ﬁwaﬂﬁta.%uf,mfmﬂaﬁ)umth
BEfib5>h 30T, (CHy),C i3 CCl, (IP=8.78¢V)
WIEBHREBEH T ,Cl e 4 A a2 EET S L
72.is0-CoD 7 V) —h F4 ¥ H4ER LBl % (CH,)
CADABIRD 1D TH 5.

CH3 C(CHs)2 CH2 CH(CH3) CHs —— (CHa)3 6+ éHz CH(CH3)CHs (15
+
(CH3)3C+Cl-—— (CH3)3C|solv| Cl” (16)

X 512, Bithler 13 Cl R F 2B 7284k L LIEHE
A2 MO AINVF—AE EBTFHESEOIP £D
BIfRE L 6572, ZORRZ# > T, Hamill DRE
L7z CT $&% C1-CCL,® AE %3k % £4.5eV (280nm)
Loz, Lizdd-> T Hamill DEFIVTIE, EHIE2.6
eV (470nm) ZHEATE RV EFRL I,

4 . Contact 4 #* > %t Cl-CCl,*

BIEECHBAL 72 & 5 12, Biihler & CCly* D EHli A
o Cl- &0 & A NVF—DO/IMER S 5 2
ENTERPoN, Z2IT, BHEACELZA4 40D
TELRE 2, B EL ALY —2EHELTHIZA
DEMTCI ANV —OB/MEERHL, ZORBRE
solvent — separated 4 #+ > %t Cl- | solv | CCl;* DARHL
EL7.

—7, Weinhold 5 1& gem-diiodide D Y:{b2 K itt®

I CHa—— [- ICHs —— 1" - I* CH2 ——T2-CH2 (17
(a) (b)

ko THNRY CH,2%4ET 25k (@), (b) &
DOxtEEd & Cl—Cl—CCl,«— CI"CI*CClL, Iz & & E
fbwwEHL 7.

Weinhold % &, ¥H Dy B CCl;* (B2 B) @ C-Cl
WADOHRDPS Cl' BB T 5ETVEEZ, ZHIC L -
T, TANVF—Df/IMEREL 2 Z &£ % ab initio SCF

FHE (RHF/ 6 —31G*) & & > TRl 7z (19854F) 9,
D EA A AR ORI B 5 BRI &R EEE
Bt 2R,

+0.334

Cl L64A . 0334 ~1.000
cifc + (l .
Cl — ~0.003
o (Dsh Cation)  (Anion)
Cl 1.67A B a7, ~0.837
C L@ff\icl*ﬁﬁ@ﬁn Cl
Cl / -0.025 1

(Czv Contact lon Pair)

CCL*OAER 1 C T ETH %43, FEEIZ ClLFE
FEIC+0.3340 038 L T3, Cl- 2360 5 &
E%L@%ﬁﬁﬁﬁEmT%Jw)uliw¥—ﬁg.
/INZ 72 5358 ORCE %3 L, Cl-% 5 CCl,*N0.163e @D
BRIHSHEL T, CT k2T 5.

B 1ETHBRRI & 1T, %H 513 n-Cy/1-CICs/n-Cs
ROBEREBAT 2720 (9) ~(12) D& 5 B RIEHE
HEREL 2%, 2 2T, ETHIEHF 1 -CIC; % CCl
M2 5L, FkR RIGHE#E T A 4 >3 (Cl-+CCl,*) 28
T EEEZ, v M) v 27 2% 3 MP(IP=10.58¢V)
&L, EEWEHEAZ 5 MD(IP=10.15eV) 3 2%
WDOWTHIZEL 72 (19894F) 37,

—

3MP ~~— 3MP" + e

e+ CCli—— (C1"+ CCl3)
3MP*+5MD——3MP+5MD"
5MD*+(Cl” + CCl3)—— 5MD+ (CI" +CClz™) 22

= e
= e e

TIWCHIRA~RZ MoV (TTK, v BBE) ORFERE I
2L ERT. REEMOT10nm £ —2 (5 MD*)*®
@ﬁ%&ﬁm,MMmB—7ﬁ%ML,WB-7ﬁK.

oD

470 nm

0.4

0.2

L
200 800 1000.0

A.nm

B7. 77K, y BEL71.2% 5 MD/ 1 %CCL/3MP T
D5SMD* DFEE & 470nm E— 27 OGN (STER3T &
DEE).

O TR (A



FWIEEEL S, LTzdS > T, 5MD*13470nm & I2 %
35, ZOREIIRIE (1>900nm) OREHIZ & -
THE2, T%2bb, 5SMD* B 7 ) —F & h 3 LEIIC
470nm E— 7 HHEMNT 5, 2D L X ESR 2#HET 3 &,
SMD*D 7)) —F L 312 CCly 7 ¥ A VAT % DH
b -7, CCLLOWPEITTY) —F EN7:5MD* DR &
FIRELWVWODOT, ZOFKRIEKIESMD+CCl,—5
MD+CCl* s8> T3 Z L /R Y, £72,470nm E—
713 CCLYICERHET 2 L=z 5.

Z DFER T TIL, 470nm E— 2 %4 A > %f Cl-+CCl,+
WZRIE T & 72\, Hamill i Cl+CCl, O &ERHEFEIZTTK
TOCIrOB#HEREL 2. ZD—7F, CHyBr/CD,
CN*", Benzylchloride/ 3 MHX*®, (CH,),CCl/
(CHy) SiiCBWTER L Iena S A4 re7) —
FYANEIRELRLTVRE LREShTWS, #HL,
Biihler 28F58 3% & 512 Cl-& CCl;*4310 A LA BN T
B, ClI'% BrriZ» 2 Th, mABINHER Ane DI
BrbonidTFThs.,

ZIT, CCL%Z CCLBr i 272 2 3, Anax 3480
nm &% D 10nm EFEAICY 7 L7z (K8).CClLBr
133 MPHTCClL, 7 ¥ A VIS 5 Z &% ESR &%
THE» O T 33D, L1zdS> T, EBRDE Z 55 contact
AFA 3 Br-CCL*BER LI ERZ 5, RERY 7
FOFEZFERIE Br- o4 A ¥F (1.954) 28 Cl-D
zh (1.814) kv Kxwi-o», EFRBEHT I LFX—
DFFELLEZOND, RICCFCLIZMZ I EZ 3,
Amax 13438nm &7 D, 32nm FFEEMENZY 7 b L2 (K
8). CFCl;1d3MP 1T CFClL, 7 ¥ A WS 5 D
T, contact 4 4 »¥%f ClI--CFClL,* 24K ¥ 5. BEX
BHEORE FRFOERICEL > T, CFCLYIC &V %

’OD

0.6

0.4

A.,nm

8. 77K, y &L 720.6% 5 MD/ 1% halocar-
bon/ 3 MP OWIXA =2 b, (1)CCl,Br (480
nm), (2)CCl,(470nm), (3)CFCl,(438nm),
(4) CF,Cl, (314nm), (5) CF;Br (314nm),
(6) CF;Cl (300nm), 3C#R36& D #&E.,

% 48 5 (1989)

CEFVBHL, GEEY 7 34U eErzon 3,
CF;Br, CF,Cl, CF,Cl,0%& 1%, ZhZh314, 300,
3ldnm OE¥SBIcE— o2 nH sbi iz (" 8), Hikk
(1>900nm) TSMD+*% 7)) —F 35 L, ZhH6DE—
ZRWA LIz, i, Thopnay Abx Y 377
K,SMPHhT7 =4 > 5V h NV EERKT S T L% ESR
HECHER L3, LIeS >N 7Y —F I X 28413,
5MD*DIEER & OFRICEAT 5.

HES L, ZOEHLONTF AT BLULY
JEDOWVT, A4 W EREKT 268 %EL &R,
BRBLUPEKRRIEA Y VA A o NOEREZRD 1208,
nayZ oAby YRTIK TBBOh 7 =47V h L
BERT D0, 44 EER Lo (REX
7T—2%).

A Z D Apax RTTK THRLZ CREEEMICY 7 ¥
5 Z b o7, 200M I ORFE T, Bro+CCl* ik
17nm, CI=+Cls*1Z10nm, CI-*CFCl,*i312nm ¥ 7 h L
1z, E—= 7 OiEE T L ARz i imL 7z, — 4, CFCl, -
BEDTZAVTIAND Anaxlds 1ZEAERILL
M. ZORERIZ, 44 R OMENTTK THRLIZE
ELTWBZEEZRLTWS,

5. neat CCl, TDA # 5&

CCL/7NVhYRTR,CCL*BER LW E3b
o7z, Lo L, neatCCl, Tl CClL 934 A4 UMb D E&H]
DBBTERTZ2 L 3IHSHLTH D, ZDET,
neatCClL, DR ICHERE X TV VB DBE LR S,

77K [E+H CCl1,12265, 345, 400nm D 3 DD — 7 B3
4% Z &% Shida & Hamill iZRHL 72 (9, 1966
)9, oD — 7 FAEDEIRE I L > THA T 3.
TMPD 7 £ DIEEFHFHHIRF OWIRIRHS400nm HHd
CCLH B & iz, DWW T, Shida & Takemura 13K
D& 5 B 2 BREEHE L T3 (19834E) 29, CCl,
WCAHBD n-Co WML 72354, 77K TI1dFEIC400nm H#F
Wb, FET 2 £400nm HHED T 5 L3,
n-Cst LIRBE N 5650nm E— 7 238h04 %, ki, A >
600nm DX THE T 2% £650nm E— 27 D7) —F 12
vy, 400nm LIS 5, £ 2 TRD & 5 R EBHR OB
BBEZ ohie®,

#)  ##H 513 CCLIZ Tetramethylethylene (TME)
EMMZ 7358, Fk2B R % RE L Tw»3 (T, Ichikawa
et al., J. Phys. Chem. 83, 284 (1979) ). 7272L, (23)

RELEZD, c013+---TME:"::“‘c013---TME+i»ﬁiL
7z,



oD

o [
300 400 nm
®9. 77K, y BE L7 CCLOBINA~<Z b, (1)
77K HIE, (2)143K @ Hi|, 77K #iE, (3)
TTK 5] 7Y —F CCERS & DERE).

heat

CCli™ +n-Cs CCli + n-Cs* @3

hy

EL)RNZIOHFRIELL HhobLTBNIT,
BT NAH v HF A F CCLICEBRI2BETE LI L
K5,

B S 1TSS CClLD ESR A7 hVEEHT LT,
2 OIS Cl BEET 27NV ERHKHLTY
250, g BFiE g, =1.999, g,=2.10, g;=2.116 TH >
1 WERZ DT VHhNVE CCLIAF A VH CClLTE Cl
FEFICIZEALIRBELT-bDEEZ, ZD Cl2BED D
CCL LTV IBTHRA*PHT2bDE L CCL%ZE

CCli™ +CCli —— CCls+ Cl-+-C1—CCls 24)

2 MYV IRETHBRTIE, TK2ODRBICEIVE
BHFA Y DERBELENNT %529, S 137 DHR
%, CCLYEEZEZTWB OB ClEFICHWDTH
LEHBALTWS,

¥itH CCl, Ti3, Thomas & (1968%E) 1A F Az SV
AZYAY VAL 5T, 475nm KEIRE—7 %2R,
HLTWw3, 2096%1 1 RKE (t,,=15ns) THRE
L, D 3% usec DBRETHET 5. ZOE—7XIE
BREA 7 =V Y EBET 50T, CCLICRE SR

10

7z,

Biihler i3, Z @Y — 27 OFampIEBHFHEFIGMNO
BEEOIULVOERRH L, ZOBREEZHHET 27
», RO &S BRICHEEEZREL, ZOE—7%Cl
CClLy* 1 A& >tz i@ U 7z (1978) 20, IEEEfEHRIX

CClit —— CCls* +Cl (5
e + CCli——CCls +C1- 06)
CI- + CCls* “2— (CI- - CCl: ") -2~ CCls @en

Kt (25) L BET 5. Kt (a) 1ZAIEXR (geminate
pair) DEREERIET, HORIGTH S, EFL 72 Cle
CCL EHRULEY OME % R L, IEERHHIRA O #
25 Fv, RISOEERER T b) THY, ->T 1.
K T®H 5. Thomas DR L 7-Fam DR IE
BlENEES 2 TNz 7 Y —14 4> CClL*E Cl &
OHRIKIGIZER T 5.

Mehnert & i¥475nm ¥ — 7 LISz, E4HKD340nm
HLWE— 27 2 RH L % (K10, 19804F) ', 340nm
v— 2713 CClL &Y IP DEWEEMEHINT 5 LS
2DT, CCLYRIBI NIz, 475nm ¥ — 7 2¥EHEFL
72 Cl- & CCL* DA A >xf, Cl g1y *CCL* son WCHRIE L,

Clsotvt CCls* st -2 Closoly - CCls* soly = (C1-CCla) €8

Cl+Cl" ——Cl 9
ODx100
0.1p
o L 1
300 500 nm

E10. 2V ABEEHD CClLOWINA LT b v

G T (A 2



A & o OREW B EHEANC X o THBAL 2.Cl-0&
FOrrAY 7Tk o> TCCLOEBR L F/T 2
(b). L7 ClLIEFIZCl- ERIELT, XD &EEXR Cl,-
LB,

Biihler & Mehnert & DRI L T, RO & 51K
L 7- (19834F) *Y, (1) 340nm ¥—7 % CCl, "I,
475nm £— 2 % CCl* & Cl-DA & e ZhZhRE
LIZ5E, %X CT #0133 Tth5. L1L, Mehnert
S5DEFNMICCLYE Clm B TR TONTWED
T, CT#EE2 272w, (2)28) RcBW» THEE
FIL72A4 A > ORIG (a) & usec BEDEBLRIGTH
3., —H, 44 HOBERIG (b) 1FKI100FFH >,
Lietso T, 2D D %M T TA75nm € — 7 kit

P 5 0 = £ 2 5 5. (3)CCLE A Freonll3
BT, CCLYICRBLY 22— 2R3 3T
o1z, % LT, Biihler 13340nm ©— 7 % CCl, 7 v
RVIWKREBL, ZTOY—7 %475nm OHIEKE L 2%
AEEELL.

Sumiyoshi & Katayama 3 neatCCl, T325&470nm
WE—72RHELTWS (1982) 22, 325nm E—7 D
W5 (t,,=6.5ns) &3tiZ, 470nm E— 7 2SINS %,
EEAHEFNZ325nm E— 27 2@ AP &85, 2hoD
WEE S, H%13325nm ¥— 7 % CCl,*, 470nm E—
7 % Cl-+CCl,*#&F I fmE L 7z,
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VAT, 330£48nmicE—27 2 RHL Tw3 (1983
) 29, 480nm E— 7 3BHID 1 nsec DEITHEIML,
DWT 1 RIS THET 5 (t,,,=12.5ns). HEF XL —
P —H D' AN (265nm, 1 XFHIE) Ik > T
330 480nm ICE— 7 BT I20ERHEL T3,
265nm DD T AV F — (4.65eV) Tl CCL*® CCl,
DA F AMEidE z sz o T, ke LT Cl, CCl,,
CCLREDZ Y HNDERTZHDE L. #F, 330
nm E—2 % CCl, 7 VX 1Z,480nm E— 2 % Cl JFF
ECCL7YANEDCT i, Cl°-CCL’ M icREL
7z.

neat CCl, D HBURFRIES CHER T 2 RICHFDIREIZ 2
D & 5, WA CHED e b DId 25w, I3 CCL,
DTN Y ERTEDLNL470nm E— 7 IZDWT i3,
VBB EBAER DS contact 4 A IIRBETES
EELTWEY, BUEDIIRBZVLTTIEEL L X
ZLENBZLHRLRN, ZOLSRBHT, 22T
RO W Z L 2BRREDEBITI T, Bb DT Lz,

#FH & &> T, Washio, Togawa 5 OFERSVHIH 72D
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CTEFLrDOBREREHES

1. @I
TEFVER—HTRET e F L oS R 2
BT 2LEYORHTT v F L U ESBHBL TV S
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Radio Decay charasteristics
1sotopes | /9 Mode of decay principal y-rays
Ey in keV, I y (%)
6-C-11{20.4m |8+ (99.8), EC(0.2)
7-N-1310.0m | 8+(99.8), EC(0.2)
8-0-15| 2.0m|B*(99.9),EC(0.1)
9-F-18| 1.8h |8*(96.9),EC(3.1)
11-Na-22| 2.6y |8+(89.4),EC(10.6) |1274(99.9)
15-P-30| 2.5m|B*(99.9),EC(0.1)
17-C1-34m | 32.2m | B+ (54), IT (44.5) 146 (40), 2127 (42.9)
EC(1.5)
19-K-38| 7.6m|B*(99.5),EC(0.5) [2167(99.8)
22-Ti-44| 47.3y |EC(100) 67(91.0),78(96.6)
i)
21-Sc-44| 3.9h |B*(94),EC(6) 1157(99.9)
.22~Ti~45 3.1h | 8*(85), EC(15)
23-V-48|16.0d | 8*(49.6), EC(49.1) [983(100),1312(97.5)
24-Cr-48| 21.6h |EC(98.5), 8*(1.5) 112(99), 308 (100)
25-Mn-51[46.2m | 8*(97), EC(3)
25-Mn-52| 5.6d |8*(29),EC(71) 744(90),935(94.5)
1434(100)
25-Mn-52n1 21.1m | 8+ (97), EC(1.25) 1434(98.2)
IT(1.75)
26-Fe-52| 8.3h |B*(56), EC(44) 168(99.2)
1)
25-Mn-52n] 21.1m | 8*(97), EC(1.25) 1434(98.2)
27-Co-55| 17.5h | g+ (76), EC(24) 477(20.2),931(75)
28-Ni-56| 6.1d [EC(100) 158(98,8),811(86.0)
28-Ni-57| 1.5d |g*(40), EC(60) 1377(77.9)
29-Cu-61| 3.4h |B*(61),EC(39) 283(12.5)
29-Cu-62| 2.6d |B+(97),EC(3)
30-Zn-62| 9.3h |B*(8.4),EC(91.6) 40(25.2),596(25.7)
!
29-Cu-62| 9.7m|A*(97),EC(3)
. 32-Ge-68 270.8d | EC(100)
)
31-Ga-68| 1.1h |B*(89),EC(11)
33-As-74|17.8d | B+ (29), EC(36.8) 595(60.2)
B(34.2)
34-Se-72| 8.4d |EC(100) 46(58)
1)
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!
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37-Rb-81
!
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38-Sr-82
!
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i
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54-Xe-122
i
53-1-122
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56-Ba-128
i
55-Cs-128
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{
73-Ta-178

B*(31),EC(69)

IT (100)
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B+(95), EC(5)

A3+(0.2),EC(99.8)

EC(0.3),IT(99.7)
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IT(4)
A (13.7),EC(86.3)

EC(100)

B+ (74), EC(26)

EC(100)

B*(77), EC(23)
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EC(100)

B*+(69), EC(31)

EC(100)

A+(1.1),EC(98.9)

190(64.3), 446(23.3)

190(67)

388(84.8),
484(92.2)
388(82.3)

204(66.2),582(31.4)

336(70.8)

212(84)
602 (61)
411(58)

273(14.5)
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Fig.1 Profiles of the oxidative layer of the
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polypropylene. Total dose, 50 kGy
(a) : Gamma-ray irradiation
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(b) : electron beam irradiation
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Fig.2  Stability during storage of (a) 25 and (b)
50 kGy irradiated polypropylene.
Mn for the sample : (O) 4.63x104, (&)
3.22x10¢, (@) 2.71x10%, (A) 2.11x10*
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irradiated polypropylene at 40°C. Mn for
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Fig.4 Effect of nucleating agent (NA) on deg-
radation during irradiation.
Mn for sample, la, 4.63x10¢, without NA :
1b, 4.63x10¢, with NA 2a, 2.71x10*, without
NA :2b, 2.71x10*, with NA: 3a, 2.11x10%,
without NA :3b, 2.11x10¢, with NA
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(b)
Fig.5 Effect of nucleating agent (NA) on spher-

ulite size of polypropylene.
Mn for sample, (a): 2.11x10%, without NA
(b) : with NA
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