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Electron Spin Resonance Study of Halogenated Aromatic Cation-radicals

By lon Baciu, Mihaela Hillebrand, and Victor Em. Sahini,” Physical Chemistry Department, University of
Bucharest, B-dul Republicii 13, Bucharest, Romania

Hyperfine splitting constants, McLachlan spin densities, and experimental line-width parameters are reported for
some fluorinated dibenzo-p-dioxin and phenoxathiin cation-radicals. The main differences between the spectra
of the heterocycles are assigned to the influence of the heteroatoms.

E.s.R. studies on aromatic ions are usually concerned
with the relationship between the experimental splitting
constants and the spin density distribution. Additional
information on the spin density pattern may be provided
by the study of line-width effects. The e.s.r. spectra
of the fluorinated dibenzo-p-dioxin (1) and phenoxathiin
(2) cation-radicals are suitable for such analysis, the
line-width parameters and hyperfine splitting constants
outlining differences in the electronic structure of the

heter« )C y cles.

(1) X=0
(2) X=8

RESULTS AND DISCUSSION

Fluorine  Compounds.—Hyperfine  splittings. The
spectra of 2,7-difluorodibenzo-p-dioxin and 2,8-difluoro-
phenoxathiin cation-radicals were interpreted in terms
of the coupling of two pairs of equivalent nuclei with I =
1/2 (Table 1). The fluorine splittings were assigned on
the expectation of larger line widths from F than from
proton splittings.

The ratio of fluorine and proton splitting at the same
site in the unsubstituted ion (ar : @x) exceeds the experi-
mental value found in most e.s.r. studies on fluorine
radicals (2:0—2-7),1* the largest departure being ob-

1 D. H. Anderson, R. J. Frank, and H. S. Gutovski, J. Chem.
Phys., 1960, 32, 196.

2 A. H. Maki and D. H. Geske, J. Amer. Chem. Soc., 1961, 83,
1852.

tained for the 2,7-difluorophenoxathiin ion. As the
ay : ag ratios reported by Thomson and MacCullock % in
their study on fluoronaphthalene cation-radicals were

TABLE 1

Hyperfine splitting constants (G) of unsubstituted
and substituted radicals

Ton-radical a, ag a, ag ap:am £
Dibenzo-p-dioxin 212 2-12 212 212 2-0035
2,7-Difluorodibenzo- 6-50 2-45 2:45 6-50 3-07 2-0042

p-dioxin
Phenoxathiin 1-04 2-08 208 1-04 2-0061
2,8-Difluoro- 415 2-07 207 415 3-99 2-0064
phenoxathiin

also greater than 2-0—2-7, we assume that such higher
values are characteristic for fluorinated aromatic cations.

The spectrum of 2,7-difluorodibenzo-p-dioxin ion is
better resolved in sulphuric acid and a further splitting
of 0-2 G can be observed on the central triplet correspond-
ing to My = 0. This splitting can be ascribed either to
the 1,6- or to the 4,9-protons.

The g factors of the substituted and unsubstituted ions
are also collected in Table 1. The main effect is provided
by the replacement of sulphur by oxygen rather than by
fluoro-substitution in agreement with the larger spin-
orbital coupling constant of sulphur than oxygen.

Line-width effects. The e.s.r. spectra of the fluorinated
ions in sulphuric acid at room temperature present a
remarkable line-width effect, the experimental intensities

3 J. Sinclair and D. Kivelson, J. Amer. Chem. Soc., 1968, 90,
5075.

4 J. X. Brown and W. G. Wiliams, Tvans. Faraday Soc., 1968,
64, 298.

5 C. Thomson and W. J. MacCullock, Mol. Phys., 1970, 19,
817.
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differing from the theoretical values (Figures 1 and 2).
In the spectrum of 2,8-difluorophenoxathiin ion, the
effect is observed mainly for the high field lines, whereas
for the 2,7-difluorodibenzo-p-dioxin ion, the intensities
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FiGure 1 E.s.r. spectrum of the 2,7-difluorodibenzo-p-dioxin
ion in sulphuric acid at 35°: theoretical intensities, 1:2:1:2:
(4):2:1:2:1; experimentalintensities, 0-4:0-8:0-4:2:(4):
2:02:04:02
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FIGURE 2 E.s.r. spectrum of the 2,8-difluorophenoxathiin ion in
sulphuric acid at 35°: theoretical intensities, 1:2:3:(4):3:
2:1; experimental intensities, 1-3:2-6:3-5:(4) : 2:0-23:0-1

on both sides of the spectrum are altered. By increasing
the temperature to 70 or 85°, the spectra became more
symmetrical, the diminution of the line-width effect
being determined by the large decrease in solvent viscosity
in this temperature range. Such line broadening arising

8 P. B. Ayschough, F. P. Sargent, and R. Wilson, J. Chem.
Soc., 1963, 5418.

7 A. Carrington, A. Hudson, and G. R. Luckhurst, Proc. Roy.
Soc., 1965, 4, 284, 582.

8 M. Kaplan, J. R. Bolton, and G. K. Fraenkel, J. Chem. Phys.,
1965, 42, 955.
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from an electron-nucleus anisotropic magnetic inter-
action has been reported previously for other fluorin-
ated radicals, but owing to the high viscosity of the sol-
vent the effect is greatly enhanced.510

In terms of the Freed-Fraenkel theory on line widths
in e.s.r. spectra,t12 the width of a fluorine line can be
determined by equation (1) where My is the spectral
index number, A is the line-width of the central line

T2F-1:A +BMF+ CMF2 (1)

(M5 = 0), chosen as reference, and B and C are corre-
lated with the spectral densities j{°® and j,;®. While
the theoretical expression for B is similar for both ions,
the expression for C is different, as the fluorine atoms are
completely equivalent in 2,7-difluorodibenzo-p-dioxin
[equations (2)] and only equivalent in the 2,8-difluoro-
phenoxathiin ion [equations (3)]. 7p®®(0), The spec-
tral density for the cross-term between the dipolar and

Bp = 16/5®9(0)By/3 Cp = 8jm®(0)  (2)
By = 165®®(0)B,/3 Cy = 8zp®™(0) (3)

g tensor interaction is given by relation (4) in which
g9 =1/4/6[2¢; — (& + 8], &2 =1/2(g, — &), and

. T 7| e
Fp0D = T-}——j%_RZ .157;' ¢ [DyOg® +
(Dp® + DptD)g®]  (4)

81, &, and g are the anisotropic components of the g-
tensor; D represents the dipolar coefficients and can be
calculated from information about the geometry of the
molecule and the spin density distribution, {p =
|vellyr|#/2=; and < is the rotational correlation time.
7rr\?(0) Is a purely dipolar term which depends on the
spin density distribution and mainly on the ‘local’
spin density [equation (5)]. The other quantities in-
cluded in relation (5) have the same significance as
before.
. T 42
Fr00) = T 5
To obtain A, B, and C we followed the method of
Freed and Fraenkel, defining a relative width parameter
Wi, for the 7th hyperfine line with respect to the central
line. In terms of the relative width parameters, the
line-width expression (1) can be rewritten as (6) where
equations (7) and (8) apply. The new coefficients B” and

m=2
telr, D D™ . Dgt™ (5)
m=—2

Wy =1+ B'My + C'Mg? (6)
_B__B
B=3=w ()
D) h’elsref
cr=C¢__C
A B (8)
"“2—' I'}'el ref

® A.L.Buceacenko and A. M. Wasserman, Zhur. strukt. Khim.,
1967, 8, 27.

10 W. E. Geiger and W. M. Gulick, J. Amer. Chem. Soc., 1969
91, 4657.

11 J. H. Freed and G. K. Fraenkel, J. Chem. Phys., 1963, 39,
326.

12 G, K. Fraenkel, J. Phys. Chem., 1967, 71, 139.
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C' were estimated by fitting relation (6) to the experi-
mental relative widths by the least-squares method.

TABLE 2

Line-width parameters (s} for the difluoro-substituted
cation-radicals

Ion-radical 104 10°B” 10°C’ 10°B  10°C

2,7-Difluorodibenzo-p- 5795 0-278 0-895 1-611 5-505
dioxiin

2,8-Diflucrophenoxathiin 1-677 0-925 0-773 1-549 1-295

The results obtained from six different scans for each
spectrum are presented in Table 2. It may be seen
that while the B values are not too different, the C
value in the dibenzo-p-dioxin derivative is ca. 4 times
that for 2,8-difluorophenoxathiin. Neglecting, as usual,
the nonlocal contributions to the Dx® components and
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unpaired electron on the fluorine atoms; for the di-
ﬂuorophenoxathun ion g tensor anisotropic effects pre-
dominate. This is supported by the occurence of a
similar but smaller effect in the unsubstituted phenox-
athiin ion,'* whereas for dibenzo-p-dioxin line broadening
is apparent only upon substitution.

Spin densities. Hiickel and McLachlan spin densities
were calculated for both ions using the oxygen and
sulphur parameters for the unsubstituted ions,® and
fluorine parameters in the range sy 1-5—2-2 and %5 0-7.
The choice of the best parameters was difficult as the
proton splittings generally used for this purpose were
insensitive to Ap values (Table 3). Secondly, the re-
lationship between the fluorine hyperfine splitting and
the spin densities is still unclear. Besides a McConnell
type formula, more general relationships have also been

TABLE 3

Splitting constants calculated from Hiickel and McLachlan spin densities

ax = |27]en. (i)

ap = 93-1pr, (ii)* ay = 63-3p7, + 298-9pry (iii)*

an )(\G) ay (G)

Ton-radical “he Hiickel McLachlan Exp.  Hickel McLachlan Hiickel McLachlan  Exp.

@) (@) (ii) (ii) (iii) (ii1)

2,7-Difluorodibenzo-p-dioxin 1-8 2-01 2-26 6-19 6-62 9-75 818
2:0 1-98 2-21 2-45 6-21 662 8-45 7-28 650

22 1-96 2-17 6-21 6-61 7-54 667

2,8-Difluorophenoxathiin 1-8 1-95 2-28 4-99 3:65 7-54 379
2:0 193 225 2:07 4-93 3-47 6-48 3-31 415

2:2 1-92 2-23 4-87 3-32 575 2-95

* The larger broadening of the high field lines is considered as evidence for the positive sign of ap.

assuming the same rotational correlation time, this
difference between the spectral densities jpr®™ and
Jr® results from larger spin density on the fluorine
atom in the first ion [equatlon

- ]
]'FF'(D) er®

co
o~

An empirical estimation of the fluorine spin density

ratio in both ions, using the C values from Table 2, leads

to relation (10) that is, the fluorine spin density in the

pr®/or® = 2 (10)

2,7-difluorodibenzo-p-dioxin ion is twice that in 2,8-
difluorophenoxathiin.

The similar values for B may be explained by high g
factor anisotropy in the sulphur-containing radicals,®
which compensates for the low value of the D coefficient
for 2,8-difluorophenoxathiin, the reverse being true for
the other ion.

The line-width parameters indicate that the main
contribution to line broadening in the dibenzo-p-dioxin
derivative is provided by pure anisotropic dipolar inter-
actions, as a consequence of greater delocalisation of the

t C™ and C® are the C coefficients for 2,7-difluorodibenzo-p-
dioxin and 2,8-difluorophenoxathiin respectively.

13 7. Sato, M. Kinoshita, M. Sano, and H. Akamatu, Bull. Chem.
Soc. Japan, 1967, 40, 2539.

4 B. Lamotte, A. Rassat, and P. Servoz-Gavin, Compt. rend.,
1962, 255, 1059.

15 P. D. Sullivan, J. Amer. Chem. Soc., 1968, 90, 3618.
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suggested, implying a large range of o—= polarisation
parameters.’6% In our case we chose the formulae and
@ values given by Thomson and MacCullock,? as their
paper provides the only extensive study on fluorine
cation-radicals.

In spite of the real objections to a McConnell type
relation (the variable value of the py : g, ratio) the results
are excellent for the difluorodibenzo-p-dioxin ion, and
satisfactory for the difluorophenoxathiin ion. By using
the two parameter formula it was not possible to obtain
ay values matching the experimental data when employ-
ing the same &y for both ions. For difluorodibenzo-p-
dioxin the best valueis /p 2-2 whereas for the phenoxathiin
derivative the results diverge. The Hiickel approach
requires a higher value and the McLachlan method a
smaller one.

If we consider for each ion the fluorine parameter
which leads to the best agreement with the experimental
splittings (hp 2-2 for 2,7-difluorodibenzo-p-dioxin and
hy 1-8 for 2,8-difluorophenoxathiin), the ratio of the
fluorine spin densities is 1-7, close to the value obtained
from line-width analysis in spite of the rough approxima-
tions made. Perhaps a more refined calibration of
parameters will improve the results, but as long as the
482)61 S. Kulkarni and C. Trapp, J. Amer. Chem. Soc., 1970, 92,

17 A, Hudson and J. W. E. Lewis, Mol. Phys., 1970, 19, 241.

s P.H. H. Fischer and J. P. Colpa, Z. Naturforsch., 1969, 24a,

1980.
19 A. Hinchliffe and J. N. Murrell, Mol. Phys., 1968, 14, 147.
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spin polarisation parameters are uncertain, this seems
unnecessary.

Chlorine Compounds.—The spectrum of 2,7-dichlorodi-
benzo-p-dioxin ion consists of three lines only, similar to
the spectra previously reported for dichloro-derivatives
of thianthren and phenoxathiin.2%?! The experimental
hyperfine splitting of 2-59 G was assigned to unsub-
stituted positions of high spin density, ¢.e. positions 3
and 8. The 2-chlorophenoxathiin ion in sulphuric acid
gave a spectrum with broad lines, assigned the coupling
constants @, 204 and 4, 1-30 G. In perchloric acid
better resolution was reached, but the spectrum could
not be interpreted with certainty.

EXPERIMENTAL
The positive ions of 2,7-difluoro- and 2,7-dichloro-di-
benzo-p-dioxin and 2-chloro- and 2,8-difluoro-phenoxathiin

20 H. J. Shine, C. F. Dais, and R. J. Small, J. Chem. Phys.,
1963, 28, 569.
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were prepared by three methods: dissolving the neutral
compounds in sulphuric acid (¢ 1-84) and adding a drop of
H,O, for the dibenzo-p-dioxin derivatives, oxidation with
SbCl; in CH,;NO, in an inert atmosphere, and oxidation with
K,[Fe(CN),] in HCIO,.

E.s.r. spectra were taken with a JES 3 B spectrograph
in the X band, using a variable temperature cavity. The
best resolution for the spectra in SbCl;—-CH,NO, was ob-
tained at —40° and line-width observations in sulphuric acid
solution were taken at 35—85°. For 2,7-difluorodibenzo-p-
dioxin the upper limit was 70° as at higher temperature the
radical concentration decays. The 2,7-dichlorodibenzo-p-
dioxin ion was not stable in HCIO~X,[(Fe(CN),] and there-
fore was obtained only by the first two methods.

The g factors were measured in H,SO, using peroxy-
aminodisulphonate (g 2-0056) as the standard.

[3/2040 Received, 4th October, 1973]

21 {J. Schmidt, K. Kabitzke, and K. Markau, Chem. Ber., 1964,
97, 498.




