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Abstract

When a benzyl type radical is generated by the dissociative electron attachment to a halide
compound in y-irradiated organic rigid matrices at low temperature, the radical becomes
complexed temporarily with the counter halide ion. The radical-ion interaction has been
studied in detail by means of the fluorescence spectroscopic method. The results of the study
are auto-reviewed. The most significant finding is that the radical-ion complexes generally
show charge-transfer bands, whose transition enegy follows the relationship,

hver=EA(X)+Es(X")—{Es(R-)+ Es(R™)},
where B, and Esrefer to electron affinity and solvation energy, and X~ and R to the halide ion
and the radical. Based on the relationshop, the electron affinities of methyl-substituted benzyl

radicals were successfully determined.
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RPEALN P ¥) DEMEESRSM, MBI RSB TERL, £OEFART Py
LSRR ENTER, TNHLDERBREFTFHHEEC L 2HRTR LIS H, NPT
AT Coo WRME R B L, EEIRRES 2B, THh 5 2 &0, T (~460 nm), ;555 (~320 nm),
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1072 =107 mol/dm® miFi#i %49 107° torr DEZEREZH W THREAL, WE4mm RIS cH
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Fiklt Xe 70 7°C, MIEDOFHEREIZ 2.0nm UTTh s, BERBIIZEL? LN ULES
CANERDES I L VRO LN, MEDLHIZB I - S ROER TIE, SEKETH
LDENRER CHBHIC L 2D 2 PV DIREETN DRSS 2k AR L
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Fig.1 Excitation (solid line) and emission (dashed line) spectra
of benzyl radical. A : from toluene by UV-photolysis. B
: from benzyl chloride by y-radiolysis.
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Br:r=2184 0=78"
Cl:r=2154 6=75°

Fig.2 The diagram of the halide ion position for the benzyl
radical. X~ shows the halide ions and is present in the

vertical symmetry plane to the benzyl radical.
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hver=I(X )—EAR)+Es(R- X )—Es(R™-X) (3)
Ehb, NTAFAF DA F AL ANNF —INET 2w EFOBRFENT EEFETH
L BT AL F— L, EHEEICTEIN T A A DBEENI AN X LR TEZNT(3)
i

hver=Ea(X)+Es(X")—{EsR*)+Es(R™)} (4)
LB,

PG FEOEFRS R - SBRESEKIIS L TBED TE{HEINT 29, B4+ »E
FHEERE 2 28RO EWRE A7 FLiE, HENHLN T w, SO, 5FET4 F 4
F 2 EDBRMBEN AT PADPBEIN T EH), ZOHEAICL A7 F IR, HiEr
Lz,

3. 3 AFroBEEmeEtomt

FLARDIFLNL AT YD T HIN—4F > LBERDERBE 227 F L blE, 20
BHIANE—F (4) R TAA > DBEFENZ AT —2BET 2R3 T THE, ~F4F
AF BB EEZLNEDT, EHEREFr 32 LBEENZ ALY —» Born HR iz L 1

Es(X)=(e*/27)(1-1/D) (5)
L5 2N B DI3EEKOBEFESR DsTH 5, Bon dXE2HWTERORKETH L K™ DA
BRI AN —2 5 ET 2L &2, DL CRFENBEEE Do 2 T UT T 5 2w,

NG A R F DR BT A v Y BEFOBFEMA £ Table 1122 & TRL
P, INLDT—bitEENE B0+ E(X0) off &, HERETIHERG CERL 12>
PTG HNTEAENLBENZRLY P AOKIZHIET 5B AN X— hver & DEFE %
Fig. 31cm¥, FT &/ 4> L5256 %Ks, MEOMCTLIVERBEREIR LN, TOHE
FHEE» S FHIEND EBD 1 THE, Lzh-T, MEDZZ FUE_INT T HIL—
TAFAF o EBROERMBEN N P THDEZEZTL, B (X)) DERICHT2->TTTKTD
3MHx A neE Bz Ds=2.0 & L 72*%, Table 1 1o h I F724 & > EFED4LY 12 Pauling 12k Y
KONz 44 BED 2 HATH, DR 1 DERPHEHLNLY, F- OBEHE2 LTI LN K
% B, LT, ULToE#HIcBWTE Table 1125k L 72 Gourary & D4 A > R FFH W5

LiZT 5,

(4) XA SHL2L L JIS, BEROUKE~ PN TP HANDEFHRANE DT =F
COEMN I AN — O IEE5 25, HEINTHWLEFHN0.91eV™ 2/ 5 & EEf
IANF—F1.36eV &%), Born o b0 PN T =4 o DFEMEFIT 2.5 AKkd s
b, PHEENDSC LT AL 28 EHET LI LI 2 BEITH L0, BHNLEREEE

Table 1. Some properties of halogen atoms.

Atom Electron affinity lonic radius Energy difference
eV A between'?Pg,and 2P,
F 3.40 1.16 ———
Cl 3.61 1.64 0.109
Br 3.36 1.80 0.459

I 3.06 2.05 0.942
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Ea(X) «Eg(X7) , eV

Fig. 3 The dependence of the observed transition energy of the
CT band upon the calculated sum of the electron affinity
of halogen atoms and their solvation energy in the
3-methylhexane matrix. O : benzyl radical, @ : diphen-
ylmethyl radical
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b —HLUEFEEERIIC L 558 olgid, Table 1izoR U724 912 CL Tla/h& »w s, Br’?[ T 0.
459 B H\ 13 0.942eV tz‘rt; DREG, LI TATA FAF ol bz in¥—i3, -

U HFOEFRNNEENLN) Ay ~HUEHEER O AL X -2 TS EE 7R 5 2
Wb, 2D, ERBEI NS FIL, (4) RTEZLNBREIANLX—DFEE—7 EF N
&N 0.459 H B\ 0.942eV HWEIE— 7 LICHETRTTH L, EE NP HN—
D e T2z AF LT HN—Br @I 20T, FE—2705N20.92eVY 55033 0.44
eVO BWEBR L ALX—DRIE— 7 2Bl S e,

HHEEEOEC MTHF R EtOH 1242 5 &, B <> Fld—icBilsnis (%3, 2
d, ¥ & s A A 2 RIEE RS TICE OEER & N CEMBEIMEEER» o b N b &
BREEANS, L LERICEEskEC T OB, BRL A A I3 AN LR ED» B S
ENTEL W Izeh, MTHE SRz B8 v C L ERFEE, <> Y420 nm (2B 2 7z, 3 MHx #
WHIZBITF AR PNTF AN A KOEMBEE N FoOBES00nm» 5 (4) (5) X%
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Table 2. Dependence of the CT excitation band of the benzyl
radical-iodide ion complexes on the matrix polarity

at 77 K#

dielectric solvation CT excitation

solvent const® energy energy, hucr
Ds Dor Es(X7) Es(Bz) calcd obsd
3-MHx 1.928 1.691¢ 1.361 —— 2.48
(500)
MTHF 2.88 2.00 2.293 1.411 3.03 2.95
(409) (420)
EtOH 3.00 1.853 2.341 1.414 3.19 E—

(388)

a Energy values are given in eV units. The figures in
parentheses give the wavelength (in nm) of the CT bands.

b From Tables 1, 2, and 3 in ref 13.

¢ Calculated by assuming Ds =Dep.

FWTHEZ NS Y DA T > OEMPEE BEEOFELE L » 5, MTHF 13 Eiifsgh <>
FAT409 nm I FREREN, ZAUIBEME L L v—8 &R (Table 2 1) . I" 254 A> & LT,
BED LY @ 77 KOEtOH TIZERAEE) > Fid 2 BB 1L7c v,

SMHX DNy DN Z U AN~ 2RO EFRBEER I ANLXY —IL, N LTS HND
REMREZANLF—L D L/DME 0, Lih»> T, EEDTIERE ML ERBEITRE &R & 7
Bo NETDNTZHNDFPRARY FILDERDIETHRL TH, BRIENC DT AL
FEALD L DL DT, B~ Pz & ) BilE (kA3 548 nm) s o 70 B
BEAT FLTHB,

3. 4 BFREGICHLOEFHMD

(4) RTRENTEIE, TFUAIN—AF > LEAEKRDENHBBER ALY — 3, TFIE
BRTHETZANDEFHRANCEKET 23T TH 2, Ln->T, BRBE > FOBEY L
BB OMESOLELZME Z 0 TE L, REEXTZALNDETENNE, HEdsT=
F WA F AL DEED LK B A, %@7’*"~5’£i[ﬁﬁ6ﬂ’(wé BifsEh o~ FEFIB LT
ATFNEFER NI AHANDEFENN 3 2% 2 - IZHENT 5,

3SMHx &R T8 2 F LB L 218~ ywmﬁa@%ﬁﬁ”“‘%%é&fxﬁ EDERLEEE
NPT ANDANT PR, Figo IBIZTRL2RG LT ANLD AT L KEH-
FLTHB,RILNERSEE > FOBKREEL, 4 FLBROK S CEICEEL T 350 5 5 376
nm DETERL 72, A A i3 wFTNLE Cl 2T, (4) R Ea(X) + Es(X) l3—FTH
bo AFTIMMELTIMIET 2T 24> DEBEMOFEIEE L TRC PALERD n RIZIELN S
DT, BN PAT =4 DEMERITAFABRIC L VBT, ORI 2L —
Es(RT) B—BERLUTIENTED, MEENTVBERC VLTS HNDBEFHNN 4 ik
X, BRI FEREAEES L ROLBRNC UL T U ANDOETHS % Table 312 2
EDHTRL Tz,

AFNNZNT O HNOHEIZIE, 0-, M-, P-{IBEROIECETEMH»HAL T
PRAFNNR NGO HNDEEITE, 2,55, 2,4+, 2,3, 3,5, 3,4- BEONEIZHA L T
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MEEHbEbE, 0-fI2 AFNEBETEENCIPATZHALDOEFHMIEHE KL, m-Hh
L5NEP-fUE A FLERTIEETRNNIEBLT2LNEEZLNE, M- fIdH 5 I P-fiL
BRTCEFHNNIPELT LI LE, EEFTTFTHDAFLERN YT AT FOERKERES
EERETH B,

FEHEEICE, 2N-1HNBTF 2 BT L7 ANDEFHENNIZNBNET* L DT =4 > D
14 A Mz AT —IZHE L W F 2T, AFNUBEBBRN DN T D ANDEFHRMANE, WHIET 5
% = 4> o Hartree-Fock »~ 3 JU F = 7 > 7583 4 B¢ INDO RN TEF& L 729, Table 3z
R IEC, BRARREIO-BDRIFTHL LiZvnlEvd, 2TH0EE» 5B LN ETH
wﬁ”ﬁ¢éx%w%ﬁmei FERHENZEZHEEEMZE—FT 5, —RICETHRON

B IR T, WEFLEFICREN TR, FRESNLHEKRLEMEE D—
&i&(&wo@%%mhmﬂmﬁﬁ#@%f%éb@zu,%ﬁ%%ﬂykmﬂ%#%??ﬁ
NDOBFHRMN 2 EBROICRET 2H LW HFERFERLLOTHL LWL L),

Table 3. Transition energies of the charage-transfer
bands in 3MHx matrix and electron affinities
of unsubstituted and methyl-substituted
benzyl radicals.

CT transition electron affinity
radical

energy, eV exptl, eV theor, eV
benzyl 3.39 0.91° 0.57
o-Me 3.32 0.98 0.71
m-Me 3.44 0.86 0.68
p-Me 3.51 0.79 0.69
2,5-DiMe 3.29 1.00 0.82
2,4-DiMe 3.39 0.91 0.82
2,3-DiMe 3.41 0.88 0.80
3,5-DiMe 3.43 0.87 0.79
3,4-DiMe 3.54 0.76 0.78

a Reference 23.

3. b MEBMAUBTFRHERCOHRBEE

T AL UL B IE £ D BRI WIERAA R CETF LRGN SR T O Ak
BT aEEic, WELTERTE T FAA4>ETY A0 DHEEER» S IEFTER TERA
ENZIEERRCES, vIERE L2842 B 77 KCRFT20REZ T2 TS L,
DT AN~ F L BORDBEEHRE) N PR LIRS T P AR I HAT, 28
BENEE L L TRELGRETH L EEZ bty BEOEIENI, BEEL (A ET7Y
HNEDELEND ZEHTETY, MEIELICENS T TOHVISBENICHAER % T
HoTwrREEZRZNTHDH, ZORERFEEASEKIHET L0 THSB, 77 Ko EtOH
AR T, BRRE N PRI L OB B OMEIER £ 1Y kA b DERIER L B S 1Y,
SRS T E 24 A 2 DMGCBER D S AR T b N2 THS 5 Z L

3. 1Ecik~7, Lo L, EtOH #AnmMtEA & D K E v 4 KT 7{b~> P EFil 5Os
BIEWDEIHETIERSD
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> VD EtOH #Hi % A KTy MRBHE L TL_2 PN T ANDANT FVIEFEC,
WHREE S FIERBE N v, 2RSS T, 500nm 72 D IIRIL VAT P Lo SR
TEHSN, 2RI~ LS FTo A et abneEELLNE, BRORERZ TTK
ZHITFD L, EESNECLVBEMEINENV UL TV ANDANY FPIVEBENEETLE L
o, ERREE S FOBRENE L0k b, B8 E 77T KICHET 2 & BREE) > FOREIS
B lcEA LT LB TEAICEREL, N VAT ANDARY P AELY, ik

Bzl+e— (Bz)—— (Bz--+--- IN)—Bz- 4+~

CHEUBERETIRERCNEEME 2 L2 -0 EEZ N b, A4 FFEIRE CEERP %
B ZEHRES TR DA, 77 KTLEEME MTHF 72 A — A1 4 > S ARENSE
FICHEEIN (4. 3BM), 4 KBEHIZIT L) BEDSE Vv EtOH ik T& 2 EFEEIHE
TER D EEICBRA S NG, BRBE > Fo%ED O BN EFRERICH#EITT 5T
Mz b b,

HTBIZE > TR PRI ANEERT D & &i2id, 1HEEOT A NEERYICERT
BT ENEBCIINEETH A, 128208, I~ oo Tiz C-Cl#Eednan 53 C-H
WELUM LT, U PNTUANE a7 RaXC DN T e PRI ERT 5 2 & 2R
DBFE T Sz E N2, ZHUsxt U CHESREE T3 500 T3 C-Cl #54p98Raz Yl & 11
BOT, ERL 2TV ANOEE»—FIC X F 5, Baudet 513, 1,2,4- ) A F L~ B %
YL C3HENT S A N%

CH, CH, CH, CHs
CH, CH, CH, CHs
—_—
CH3 CH3 CHg * CHS
DESIERL, FNLOFEARY FADREFRALY, UL, ENEFNANT Y HNK
BT AESFOMMBTE FIHERICHERS &, Baudet 5 OFED—FIIIEL L W2 &b

o 29, 2k 1, AR FAY T 3 BOSHREOR  BOG P O EIEIC L ISR T 5 2
EHITE D,

EHLIZF Lo b2 MH2 DI FRDLRFIEE TH - 72 ATLIERF K (BHKRAEEIR), dill
ERROB I L bEEERL LV, FREROBTICRD W WIEKEY, HEELT,
BLOFERDFERICEHM T 5,
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