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Supportlng Informatlon to Accompany

'-EPR Line Shifts’ and Llne Shape Changes Due to Spln Exchange ..
between Nitroxide Free Radicals in Liquids 3. Extension to
Five Hyperfine Lines. Addltlonal line shlfts due to re-
cncounters R Lo S
| -B'arn'ey L Bales, Miroslav | \I’eric',A‘ and Ileana 'Dnag‘utan :
_ | 'ASecon_d orderl terms in hyperfilne " spacing in the absence’ of spin
‘ exchange The separation between the five hyperfine lines' differs by
small second order terms that have the1r origin in both static and dynamlc |
effects 1-3 These effects -which were d1scussed in detall for free radicals
' possessrng two equrvalent 14N nucle1 by Faber and Fraenkel3 are not of
'. | consequence in this. work, havrng a neglrgrble effect on the sums grvmg
| 'bMI, eq 11.-Here, we g1ve a brief summary of the second order effects
Accordlng to eq 2. 10 of ref3 in the absence of apprec1able
mstantaneous variations 1n the 1s0troprc hyperﬁne sp11tt1ngs static S.hlftS of o
: the hyperfrne lines are given by &(x2) = -26; 8(+1) = -30; and 8(0) = -86/3 -
: where the characteristic shift 8 i is defined to be o= A2/2H(0)0 For A =
8, 1 G i 111 a field of H(O)O .3323G, 6 = 9 8 mG: These shifts alter the R
| spacrng between the hyperﬁne components as. follows .
| S(+2) = [HO),2 - HO)1] = A~ 5,
| S(+1) = [H(0)+1 - H(O)o]'— A + 8/3
S(l)—[H(O)o H(0)1]—A o3, . o
S¢-2) = [HO)1 -HO)21 = A+8. .- . (8D
‘When dynarmc effects are present, the observed second order shrfts '

are drfferent from eq Sl not only because dynarmc shifts occur but also |

| because the statlc ShlftS are drfferent than those g1ven 1n eq S1.3 We

. (
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) ,summarlze the experrmental results in terms of the departures of the sh1fts :

’. grven by eq Sl normahzed o 5 as follows S

 ASG2)/B=[A-- sexp(+2)]/8 |
CASGHDIS = [A+ 873 - SexpDIs S
ASCDIS = [A- 83+ Sexp(-DI/B '{ji.i -

AS(- 2)/5 [A + 8 Sexp( 2)]/8 4 R ,f '(SZ_)" .
where the subscrrpt exp denotes the. experrmentally measured spacmg
‘between the hyperfine components, - The departures given by eq' S1 are o
seen to-be the difference in the spacing predicted from static shifts alone to .
N those measured, normalized to the charactéristic shift 3.- Shrfts dominated .
by static effects would lead to zero for the departures grven by eq SZ ~The
results are grven in Table Sl , . "

Table Sl Departures of second order shrfts from theoretrcal statrc shrftsa ’

T,°C ASGMS  ASGHS  ASCINE  ASC 218
72202 10801 073 0.1, 0. 86018  095+031
24802 068014 123004 05 57 +0. 09,‘;"‘1 34015
448504 050014 126004 035010  140%013 -
848£07 -0.12£019 -147£020° 0165022 143046
1051 036+033 “0825044 0162025 101%017 ..
aEquatlonSZ ‘ I S
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Further detalls on the syntheSIS of NN NP

1-H- Imrdazol 1-yloxy- 4 5- dlhvdro 4, 4.5.5- tet:amethyl 2-(o- mtrophenvl) 3- ox1de ( 1)
Nitroxide 1 was prepared. by the Ulmann procedure, - 13 essentlally as prev10usly "
~described* with the exceptionthat pure 2,3- dlmethyl -2,3- drhydroxylarmnobutane (7.3 g;
41.5 mM) and 2- mtrobenzaldehyde (7.0 g; 46.3 mM)(Aldrlch) were reacted in ethanol
for 8 hrs.,” at room temperature The premprtated dlhydroxylamme 2 was filtered in
vacuo, washed on filter with 50 ml of n-hexane, dried overnight under reduced presstire,
then suspended in acetone and lead droxrde (60 g) added. After stirring for 3 hrs. lead
dioxide was filtered off under reduced ‘pressure through a thin layer of sand dep051ted on’
a frit and the filtrate-concentrated i in vacuo. The residue (10.2 g) was purified by two- fold:“"
crystallization from acetone/n- hexane (1/6 v/v), at- =35°C,’ to give dark- brown crystals -
(5.3 g; 46%), m.p. 145- 147°C (11t m.p. 145-147°C for 1, resulting from nitration of 1-H- "
imidazol-1-yloxy-4,5- d1hydro-4 4,5,5-tetramethyl-2- -phenyl-3-oxide). Anal. - Caléd. for
C13H6N304: C; 56.09; H, 5.80; N, 15.10 %. Found: C, 55.98; H, 5.78; N, 14.93 -%. EI- .
MS (70 eV): m/z *84.2 (100%), 278.2 (M")(23%). IR(CCl): 1370 (vs, NO.), 1410 (vs) L
- 1445:(s), 1545 (m)(VNO,), 1580 (W) (Ve=c), 2860 (w), 2925 (m) and 2990 (m) .cm® (v¢.
1) UV Apax (nm), [g €]: 285 (s), 300 (s), 313 [4.190],:513 (s);. 540.3 [3. 202] (1n water)
292 [3. 991] 323 [4. 041] 556 [2 948] (ethanol) 582 [2.812] (toluene) o
: ESR aN o . :

h
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