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I;'ig.1. (A) and (B): observed spectra for 0.1 mo1% BNB in Cヨ30Hirradiated 

at -78 2nd -1960C， respective1y. (C) ， (D) and (E) : spectra simu1ated to 

those of the spin adducts I，IIand III，respectively，shm・m in (A) and (B). 

The parameters used and the corresponding spin adducts are given in the 

te.xt and also in Table 1. 
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Fig.2. (A) and (B): observed spectra for 0.1 mol % BNB in CD

3
C)H irradiated 

at 四 1960Cand -780C，respectively. (C) and (D):spectra simulated to those 

of the spin adduclこs11 and I，respectively. 
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served spectrum for 0 ・1mol% BNB in CH30D irradiated at :3i:;VLd(C::二::tra Simulatedto those Of the spin adducts口
and工， respectively. 
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Fig.5. (A) and (B): observed spectra for 0.1 mo1% BNB iτ1 C_HρH irradiated 2.'5 

at -78 and -1960C，respectively. (C):spectrum simulated to that of spin 
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OD irradiated at -780C. 

(B) and (C): spectra sirnu1ated to those of spin adducts 工工 and V，respectivly. 
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Tab1e 1 

(a) 
aN(G) H D ε(G、) (b) Solu七ionSpin Adduct a or a~(G) 

giso m 

工 RN←0・)CH
2
0H 13.9 13.9 (2H) 1.0 2.0062 CH

3
0H 

r' RNト0・)CD
2
0H " 2.2 (2D) CD

3
0H 

工工 Rl'I (一0・)日 12.7 15.0 (lH) 0.9 " CH
3
0H 

工l' RN(由 0・)D " 2.3 (lD) fI " CH
3
0D 

工工工 悶(四0・)OCH
3

24.0 2.0. (3R) 11 2.0054 CH
3
0H 

工工工' RNト0・)OCD " unreso1ved " " CD
3
0H 

3 

工V RNO 11.5 2.3 2.0044 CH
3
0H 

v RN(一0・)OC"H 24.0 2.7 (2H) 0.9 2.0052 C
2
H
S
OH Z--5 

V' RNト0・)OC，.，D " unreso1ved " " C
2
D
5
0D 2-5 

VI RN(ー0・)OC(日)(CH
3
)2 25.1 1.0 (lH) 1.0 2.0053 (CH3)2CHOH 

V工工 悶(ー0・)C(O双)(CR
3
)2 13.6 unresolved unreso1ved 2.0059 " 

VI工工 RN-O-C(OH) (CH
3
)2 10.4 unreso1ved 1.8 2.0040 " 

ref. (11) RNト0・)C(日)(CH
3
)2 工3.3 22.2 (lH) 0.76 2.0060 (CH3)2CHOH 

ref. (11) RN-O-C(H) (CH
3
)2 11.0 1. 8 (lH) 工.8 2.0036""40 " 

ref. (12) 間(ー0・)CH 14.3 13.4 (3H) 1.1 2.0056 CH
3
COOH 

3 

ref. (12) 悶ト0・)CD " 2.0 (3D) " " CD
3
COOD 

3 

ね) R: +Q--，+ (CH
3
) 3C-

、、，JL
U
 

，，.、 aITiE11s the coupling of two equivalent protons on IBetha 

position of R. 

Tab1e 1 Hyperfine sp1itting constan七s (gauss) and g-va1ue 

for observed spin adducts. 
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Fig. 1. a) ESR spectrum of 0.1 mo1e % BNB in 2-~ITHF at -20
o
C after y-

radio1ysis at -780C ・ b) after heat-treatment at +SOoC (spin adduct工)

c) spectrum simu1ated to that of spin adduct 1. 
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Table 1 . Yields of 2-MTHF Radicals( MT.) ， SNS-and Spin Adducts 

in SNB/2四 MTHFSystem 

BNf3 BEiore Photobleaching After Photobleaching Spin Adduct 

molOん G(MT.) G(BNS-) G(MT・) G(BNB山) G(工) G(lI) G( f3 NB H) 

0.01 3.1 0.15 2.5 1.0 0.6 0.25 0.6 

0.1 3.3 1.3 3.2 1.6 1.05 0.5 1.2 

Spin Adduct 1 :ニρむ φ Spin Adduct n : H、「ーしCH，3
八 O八 O吋由φ

φ=ヤ←
。ω
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Fig. 6 a) ESR spectrum of a y-irradiated so1id solution of 0.01 mo1e % 

BNB in 2→ITHF recorded at -1960C before (solid 1ine) and after (dotted 

line) exposure of the sample to visible 1ight. b) Spectrum obtained by 

graphical1y subtracting pure 2-MT1IT radica1 spectrum from the do 二ted

1ine spectrurn of わ)Amplitude gain was 1. 6 times higher than that in 

(a). c) Spectrum 01 a U.V. irradiated solid soluヒioncontaining 0.02 

mo1e % TMPD and 0.1 mole % BNB in ~ITHF at -1960C. 
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after exposure of the samp1e to visib1e 1ight. 
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Tab¥e 2 . Yields of 2-MTHF Radicals (MT・)and BNB 

in Biphenyl 1 BN B 1 2 MTHF System 

Before Photobleaching After Photobleaching After Annealing 

G(M下) G(BNB-) G(M下) G( BN B) G( BNB'由)

0.01 mol 0/0 B N B 3 . ， 0.15 2.5 1 .0 1 .0 

0.01 mol 0/0 B N B 
3.3 0.15 2.8 0.9 0.9 

-0.2molo/o BP 

0.01 molo/o BN B 
3.3 0.15 0.7 

一0.2mol 0/1。BP 

吋。
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(I) 

(11) 

b) 0.01 mo1e % ND-d~" in JHP after γ-radio1ysis at OOC. The stick 
12 

diagrams shm-l the resonance positions for the tet-3HP radica1 spin 

adduct (1) and the sec-3~日 radica1 spin adduct (工工). 
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H-炉

Fig. 11 ESR spectra of y-irradiated a) cycrohexane and b) methy1-

cycrohexane at -196cC. 
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b ĥ 

i
 

l
 

--

C 

¥、一一一戸一一一一

::: g b」:::しJよr:f:了Sて:;ニ:::; ;::;:亡:コoコユOi=;し);パY
c) suL時 -acte臥ωc1ヨpectru訂mb fてoma. 

114 



115 

4 z."z' ヲ智 Z1智~売す't. :t '̂ -z.い"lt 

}芳 McH'::.~‘刊で乙水蒸す鮮総し Z 包す1\ 3ラヲシ吋

{レ立を L し""L\~ '1 ~忽内 守手議t.tJ>可能特ザお d D 

-十人

U

叶

iAU

叶人

V
ω
〈い

山

i
ん

U
‘.a'' 

az--s ，E

盤、
(2 ) 。} 件 J CS> 

ラ三三、カ 1し(2). (ラ)11 ot Aι 薬 コ〆作 7k嘉定 4 コヰろ τ，

ちヴロヘキ予 lレラ官、均 1レヒ閉じ、本再選?為"3 o 花 111 7:ご

め，、I'¥bot I'=-式、 ¥1 a e-~ 1<.スベ 0 ヴト!し Id 下íl~ 11-a ヒ

l守 I~'\ 同一 L 秀之ザト ð o う少、カ 1し(1) '"6 .(>水系ず iコ

ゲ 7(1 ¥¥ 7こめ 9 花内7-"\"ヴム 1レ内原丈勿~露ゆ l7 ， (ユ)， 

(ヲ) I~ 散へ“小立え 7J l ~予建立ホ J t1 芋 7-:..，うずカ Fレ

わ，，， 0{水率ユコ J (J ，，)ι 系 I-コでみ '1t 戸勺 12-b 0}写 場

'(を，-=-1寄げIh.1-::.. M乙HヲちY カ tレd) o-T R. 7-'10 つム tレ屯 ;r， L 

侍 7;;'，¥也 ~'7 (-=- ，戸i<-j. /')- b ，"J:丸トラデワヤ/L.併Jアみ

I}， ct.μえゅの周~ I "J 番多 γ 為 3 ヒ秀之ゲ的~ D 

ぎ7-=:-'1乙A.JAち11 ， 持場所のヌザク μ/し声，...~ /2-4 

すカJ四ラヂカ/し{不)I亡舟 E す J 'c. L7:ュ。混Fぢ p 刊のヌ

ゲクトルグj不す単若礼("1 ，戸)q 60乙 f-::"式‘""z.コ縁結-:1:...)、

も¥¥7τ 下今 tレヲtd) ~定萄L遊べの沼較か " 1iil ~盤/-=-よ'}

3乙γ、} T-=-劫 ヒ 綿 織 し 7-=- 0 しすし， l1"J 12-h ，'=-去した

場建?を m ルh ラザ 171し{ゅの斎 M 坊のい叩ク 11j葬場所

の 1ぺo つ卜 Iしヒ往 ζ 戸事更する。急支，-:. f の辱ちa戸よ



116 

"3 7-ペ。ケト 1ι 受ィe，立 f ~t- ラヲグ汐 tレ~ 1) 不~智治ラ

ずか 1しのう珠、愛，--起因すみ'c..~季五 7ュ汚が，、よリ 25 当 γ3

J. 0 '>l (7) 7=- め，芦ì~ /2 -a F 1) ， 戸l~ 12.... 1> 主義 L ヲ/オ

L ，点 、 義 し た ち 夕 、 内 fレ内スザクムルちづ安秀后 ιFコlh 

ち 74~J /えー C1=.ゑ ι7午 o との'J-寸t1? ムル/才，丸、d11-41ご

赤し 7包手ヴ P ぺ キ予 Iしラ官、デ7 IしのフZべ0 ワムルヒ/ま 11"

d 到し 1 、¥~ I? -;;t¥':. . M乙H t:1) -， <? 6 "e通話射線4字解 1-::: ;;t;. " 

7.. 1 言 1~十時ラデプ1 Il， (4) '(攻作， '!-ヴ D ペキヨシ 1レ屯fフ

タカ Iレ(72.)-;z防府)ザ診がし 1 、¥ e ヒヲbえザれ d T 

;1) 7--1;0ヲアゲ‘ワ 1- t1) 周密

3-ヴロペキら 1 レぜラ少、 7ヲ 1レの性首長~ -~五?察官得するためノ

1-t"シトラ勺 to-:..ゲ予五色停)¥ ¥ i...安政も竹ヴ 7--=-0 0，7必

%OJBハノ β ち倉芝、三ヴ U ペキサェ[CH) I~ 1A柚内乙行

電-， i 60 C I=-7.. ~ *荒尽身r{.， I 斗 oec (=-7.場'1~まし之得句、

仇 7-:. b ~皮下ぺOQ 7 件 Iレ~ I を~ ~... LA 声1'9/3 -cf)o' b) /'= ... 

lf. /... 7ヒ。 乙H 7...../訴か手ム四十.t:Vl右足/之の継し 7=--:z. /) 0 ア

ト1レげ銀頭'I:tth.九 D N まな l乞 ~ll 1/.2 er， .，コ m水系

均，-::: ~ IJ I、刊の《‘1.I分解fヤ左手奇ち， ぃ~ 1珍112‘，，"41 

で取..， 1乞() 1..の 'fu.tM-tJ-1) ~、 t. Iii高度'f..怯 L..'¥1-::.ろコの水

案核抑ちぢ 2 ~ Id f3tv8>のゆ内伐水系ヒ 7与え今、れ 3 みが F

cH の l コ0¥ ~<蒸 r イ、fヴヲゑli，τ 警長年 L '- 1¥ J D 的 (=" 
〆ヘ-/1寸

ごホ，"1 -:s;..ヴロペ寸志 lレヲゲブ'7'し〈しJ"")も掃援した

'1' ~ ') )管内7-toτシア '.}"ケト γ 羽~ 1) 

}う~， 1ミf'} 1)-b /?-汗、し 1=- lV¥乙H I=-京t tlt  112 ，をの



「0. 

b 

C 

~一

I I 

f- 5 G I 

Hー+

(T) 

( Q) 

Fig. 13 ESR spectra recorded at -30oC of a) 0.1 mo1e % BNB in 

cycrohe~，.:me ， b) 0.; U101e ~~ BNB in methy1cycrohexane and c) 0.01 mo1e % 

BW3 in meLlly1cycroh.:;:~ane after y-raaj_olysis at -19C¥'ζTh(.， stick 

diagraU1s show the て-280九日ncepositions for t:he ter:二一MCHradical spin 

adduct (T) and the secートICHradical spin adduct (Q). 
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Fig. 1 a) ESR spectrum 01: a y-irradi♀七edsolid solution of 0.1 mole % 

BNB in 3NP at -196cc (solid line).τhe dotted 1ine represents the 

spectru:n 01; 3rP:';"adic包1、 b) spectrum むi:l 」尺 ine'~ !:y graphically 

subtractingふ.dl)tt" 1ine Irom the solid li口ein a. c:) ESR spectrum 

of UV-il1uminmじιdsolid solution containi. 0.1 molc % BNB and 0.02 J 

mo1e % T':-r:PD in 3?、lP 正~ -1960C. The dottej 1ine represents the spectrum 

of THPD十
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Fig. 3 ESR spectra of a y-irradiated solid solution of 0.01 mo1e % 

BNB iロ CC1
4

recorded at -1960C before (a) and after (b) photobleaching. 

The spectrum (c) iv8S recorded ，at -1450C after photobleaching at -1960C. 
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Fig. 5 ESR spectra of y-irradiated solutions of 3HP con七aining

a) 0.1 mo1e % BNB， b) 0.1 mo1e % BNB and 0.02 mo1e % TJvaD， c) 0.1 

mo1e % BNB and 2 mo1e % Jv1THF at -196 oC. The bands marked as arrm.;rs 

indicate the spectrum of BNB cation. 
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Fig. 6 a) ESR spectrum of a y-irradiated solid solution of 0.1 mo1e % 

BNB in cycropentane at -19hoC (solid line). The dotted 1ine shows the 

spectrum of cycrope.nty1 r，"..! ica1. b) (spectrurn a)-(dottedょjnein a). 

The spectrum of BNB cation :.5 ShOiVD by c'"otted lin.3. 

c) (spectrum b)…(dotted line in b). 
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Fig. 7 a) ESR spectrum of a y ・-irradiatedsolid solu七ionof 0.1 mole % 

NB in CC1
4
at-1960C. b) Spectrum recorded at -1450C. c) Spectrum 

obtained by graphically subtracting the spectrum of undefined 111ot¥'"ix [CCl4} 

r~licals from c. 
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Tab1e 1 

Isotropic ESR Parameters for Nitrosobenzene (NB) and 

2， 4， 6-Tri-tert-buthy1nitrosobenzene radica1 ions 

aN/G aH/G g-va1ue Solvent Ref. 

Anion 

NB 7.97 3.84or 4.14(T1th 1) 2.0060 NH
3 

a， b， c 
on::no 

9.97 (H
orth・2)ortho 

0.96 and 1.14 (H _~_) 
meta 

4.14 Or 3.84 (H ) 
para 

BNB 11.5 2.3 (2H___~_) 
meta 

2.0044 CH
3
0H d 

Cation 

NB+ 37.0 3.8 (lH _ L _)  

meta 
2.0007 CH

3
N0

2 
C 

1. 3 (1 or 3H) 

BNB+ 35.2 3.6(ln t ) CH
3
N0

2 
C 

met:a 

0.91 (7H) 

35.9 3.5(1R t ) 2.0020 CF
3
COOH this work 

met:a 

ND-d
12 

十
32.8 2，0021 CF

3
COOH this work 

Ref. a) D. H. Levy and R. J. Nyers， J. Chem. Phys.，丘三， 3731 (1965); 

b) E. J. Gee1s， R. Konaka， and G. A. Russe11， Chem・Commun. 13 (1965); 

c) G. Cauquis， M. Genies， H. Lemaire， A. Rassat， and J. P. Ravot， 

J. Chem. Phys.三2，4642 (1969); 

d) H. Sh~Jtani ， S. Murabayashi and J. Sohma， Int. J. Rad. Phys. Chem.， 

~， 483 (1976). 
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Fig. 14 Variation of tota1 energy eva1uated by INDO method versus C-N-O 

bond ang1e. Each curve corresponds to the various 1ength of C-N bond. 
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Table 3 The calculated coefficients of atomic orbitals constructing 
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