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The comple'bely orthonormlized unpaired electron vave function for a

wabil,
MSCRY

free radical which mteracts /weakly with the electron diatnbntion in 1its
neighborhood, is: '

SNy -1/2 . .
%1—[ - z<¢k,¢>¢k][1 z|<¢k. °>42J1/ ()
# s the SCF vave function for the isolated free radical, and the Schmidta

©. orthogmalization inswres thet the Pauld Principle s cbeyed vhere the overlsp . -'

| integral (f, , ¢k> 18 mon zero, {ﬁk 15 the orthonorual set which descr:lbes ¥

o the purrounding mlecules and ions. ' |

. The el.ectron density, correct to second order in the overlap mte@-al

‘.-aif‘-ia, thus, - L o | B L
| - | | .\ % jad

p-[ 3o A gy v By (o 8CF, .>[[,1.z\4 A5 N
Poo kp ok F‘k u’fonkk._ _k 0o/ Mo “k k#o?k o‘? a(?..
v pgm. n & (l, m = 0, k) are the elements of the one electron density mtrixa'?‘ ’

a ‘Foxt a aystem undergoing rapid Brownian mtinns, the 1sotmp1¢ byperﬁne enerw C

© of interaction with s micleus of spin I, :a. themfore, modulated by the  tine

dependence of the electron dmity diam’bution, as fonovst

vhere 1... - SR TSI e .
. . . »;.» " '? ; I':’
8% 0, (o 3 treqrme) | o> 2] | R
E ‘; L .;.c‘ : ..';'J‘, 1 ,
. ; ; R ] . |
. " lﬂ‘VL ' ,?'\x
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' Two maJor conclusions are to be derived rrom Eq‘ (3). The f£irst 48 the ﬁmctional |
dependence of the oObserved hyperfine aplitting conata.nt on the e].ectron density

SO

‘Ui, 4n the migh‘borhood of the free radical. Hence, since clearly oy, 50 in the |
., absence of strons exchange interactions ‘bet\reen ﬂk and ;l » vhich mteractions b

. invalidate Eq. (1), importent information on the aign of’ p can ba obtained .«%;t

. from | c,] and - | | stha sbsolute value of the coupling consteant neasured, for, L f}

g respectiva],y, a fme radical in an almost isolated comntion and .‘m tha presge ?,
cence of the atrong fielda of the surrounding molecules and ions, That is, Poo

'1softheaemsignaa6A-lA] l l,except:lnthacaae when "00<°’

and the nuclaa.r spin 18 intramolecularly shielded 1n such a manner that Pux < lp ool'
,. This theory can ‘ne aucceasfully apﬁlied to the maaurem;ixgs of the coupling conetant :
' for several semiquinones in aprotic and ionic solutions « Thege ;yield ) A)o

~ for the methyl protons of the tolusemiquinone, vhereas for the ring protona 8 A (o
at two positions and positive st another, vhich pmbabl,y comaponds to an mtra-
molecularly shielded position with pkk( lp °,~ Similsrly, for the p-benzasemiquinone

5 A0 for the ring protons and a position idsntiﬁed to be the CB A.u these

i 1
o results are in agreement vith the theory of com;act hyperﬁne mteractions in aros
" matic free radicals 7’ » except <for tha cl*3 , where tha reported ao:l.vent effects

" ave %00 large for Eq. (1) to be satisﬁed- '

The second result. derived rrom Eq.(3) is the effect of the secnlar, time

RSP
SRy i i e et e e imiagin e
439 o buts * e . A i Hrahrsie i

: g aependent perturbation on the lifetime of the Zeeman ‘hyperfine levels of eq ual {
: vatry ‘na‘ total component of ansular mmentm Fz J’ Z I + Hence, in the ?
. Eysten J - 1/2’ 1= Z I, » vhere n W a 53‘5 of equ:lvalen'c nuclei, g
iﬂ transition pmbabmty betweea the ahove atatea Muoed 'by m m dependent i}

Yerm 18 glven wa mmr Eq-.9’ as romvs:':j;_ 4
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I(1+1)‘(1:1”)(1‘1'“+1)

,2 e B ' 2
w( IF Fz>ﬁ IFH’@) "2 maz h[(:ur" Ao)é + (X31%)(1i1® 1{_%’]4‘\ ) >
0

- SR ) Soa
ey et iy Tt e

distrfbution persidta, Nw 1s the energy sepamtion between the mtemcting J.e\rels:

' end B is the resohance ﬁeld.. Betting p ;"8 0 . Py f°*' "kx>>l ol (I“(‘)Ié'

IA 5 al . Hence,for ring protons with typical values I 12, || =2 oce., mg e
|s A] x 2 oe., w(r,r") £ 203 cana 10° e .

16 Mc./sec. e respectively, and :lt mcreases very‘ rast ‘with the mnnber of equival.enf.

‘rgxil/a, 'c; - 10 " to 20 32, 9’ 18 the comxauon t1me during ¥hich an electron

ot
UL . . 4

vhen We9x 103 Mc/aec. and

protons.

. . i . s B

For p-benzosemiquinone in sodium etivla’ae-ethanol solution eesentiauy the

same line vidxhd‘A\w,/k = 105~sec._ ’ has been observed for the ESK absorption in r‘fof

o Z. ey

) 9[ hlgh as well as 1n Tow fields. In additlon, at % = -50 C, - the 16 Mc./%ec ESR S
. — R .

ot 15 -A,*‘,p.‘ k

3 absorption snows a hyperllﬁé IntETaction with two sodium ions of .12 oe.,*“ which Y

&
Lo

proveﬁ that the fast chemical excha.nge with the soddun ions at room temperature is R

responsible for the zbsemd 3 A= «~,051 oe. with respect to the aprotic solntion,

':.f_ vhere Ae - 2.&19 ce. Hence,in the Paschen-Back region W ) 4.6 x 10 'c’ (1 aPB)” -

- ~llﬂl

£(F,F> ): seca .1, where, f=(0,1,3/2,3/2,1) and (0,1/6,1/6) for (1# - 5/2,1 = 2,1,0,-1,-2)

.""J ’

and (Fa3/2,1%1,0,-1) , reepect&vely, which 1s of an identical order of magn:ltudz as
o the anisotropic hyperﬁne interact:lon mchanim Proposed earlier to explain ths line
. wiath of tue hyperﬁne components 2o this free radtcal. 13,14
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