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Abstract

The sensitivity of nitroxide spin-label EPR to the polarity of aprotic environments arises from the reaction field produced by polar-
isation of the surrounding dielectric by the nitroxide electric dipole moment. The performances of three different reaction fields that have
been proposed as improvements on the original Onsager model are compared for representative spin-label nitroxides in a range of apolar
and dipolar aprotic solvents. Explicit allowance is made for the polarisability of the nitroxide, which effectively renormalises the reaction
field but has been neglected in previous analyses of nitroxide hyperfine couplings when using the improved reaction fields. It is found that
the model of Block and Walker, which incorporates an exponential dependence of the dielectric permittivity on inverse radial distance
from the nitroxide, gives the best description of the solvent dependence of the isotropic 14N-hyperfine couplings. These results should be
useful not only for calibration of environmental polarity using homogeneous solvents, but also for transferring polarity scales and polar-
ity profiles (e.g., in membranes) between different nitroxide spin labels (e.g., of the TEMPO and DOXYL variety).
� 2007 Elsevier Inc. All rights reserved.

Keywords: Hyperfine coupling; g-value; Nitroxide; Spin label; Polarity; Reaction field
1. Introduction

As for other spectroscopies (and, indeed, for solvation in
general) [1,2], the spectral line positions in EPR depend on
solvent polarity by virtue of the reaction field induced by
the electric dipole moment of the free radical of interest.
This gives rise to the well-known sensitivity of nitroxide
spin-label hyperfine couplings to environmental polarity
[3–5], which has important applications in lipid mem-
branes, peptides and proteins (see, e.g., Refs. [6–14]).

Conventionally, analyses of isotropic hyperfine cou-
plings in aprotic solvents have used the Onsager dielec-
tric-continuum model [15] of the reaction field [3,16–19].
With allowance for the polarisability of nitroxide free rad-
icals, the increment in hyperfine coupling is predicted to
vary as (er � 1)/(er + 1) in the Onsager model, where er is
the relative dielectric permittivity of the solvent. However,
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this functional dependence of the reaction field saturates
too rapidly with increasing dielectric permittivity [1,5],
and therefore does not describe well the hyperfine cou-
plings in strongly dipolar aprotic solvents (see Refs.
[3,20]). The reason for this is that a step-function in dielec-
tric permittivity is assumed for the transition to the dielec-
tric continuum at the molecular surface, and this does not
take into account the local interactions.

There have been several attempts to improve upon the
basic Onsager model by introducing a more gradual transi-
tion in dielectric permittivity. These include an exponential
dependence on inverse radial distance [21], a direct expo-
nential dependence on radial distance [22], and a statistical
mechanical model for polarisable, dipolar hard-sphere flu-
ids [23,24]. Each of these alternatives to the Onsager model
has been applied by one or other authors to analysis of the
solvent dependence of nitroxide hyperfine couplings, pio-
neered in the first instance by Reddoch and Konishi [20].
The Block and Walker reaction field was used by Abe
et al. [25], the direct exponential model by Ehrenson [26],

mailto:dmarsh@gwdg.de


Fig. 1. Dependence of f(er), which determines the reaction field according
to Eq. (2), on bulk dielectric permittivity, er, of the medium. Heavy dotted

line: Onsager model for a step transition in er [15], Eq. (6), fo(1) = 1; solid

line: exponential-inverse transition in er of Block and Walker [21], Eq. (8),
fBW(1) = 1; dash and dotted line: direct exponential transition in er [22],
fE(1) = 1; dashed line: Wertheim model for a polarisable, hard-sphere,
dipolar fluid in the mean spherical approximation [23,24], Eqs. (9) and
(12), fW(1) = 8. Light dotted, straight lines are the approximations
f ðerÞ ¼ 1

6
ln er and f ðerÞ ¼ 1

12
ln er, respectively.
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and the Wertheim model was used by Reddoch and Koni-
shi [20] and by Ottaviani et al. [27]. However, unlike the
applications of the Onsager model, the polarisability of
the nitroxide was omitted from all these treatments.

In the present work, we compare the performance of all
four of the above reaction fields in interpreting the solvent
dependence of hyperfine couplings (and, to a lesser extent,
g-values), for various representative nitroxide spin labels in
a wide range of aprotic media. The polarisability of the
nitroxide is included in every case, and is found to have a
particularly significant effect for the Wertheim model. An
analysis such as this is important not only for comparison
of spin-labelled biological environments with solutions of
defined polarity, but also for transfer of polarity depen-
dences between different nitroxide spin labels [28,29]. The
latter is particularly significant for transmembrane polarity
profiles that are established mostly by oxazolidine-nitrox-
ide spin-labelled lipids [30–32], whereas integral membrane
peptides and proteins are mostly spin-labelled with piperi-
dine-, pyrrolidine- or pyrroline-nitroxide derivatives (e.g.,
Refs. [33–35]). Similar considerations apply also to the
polarity and/or solvent dependence of chemical shifts in
NMR.

2. Reaction field

In the absence of an external field, the total electric
dipole moment of a nitroxide immersed in a dielectric is:

m ¼ pþ aER ð1Þ
where p � 10�29 C.m (3 Debye) is the permanent electric
dipole moment of the nitroxide [36,37], a is the polarisabil-
ity of the nitroxide, and ER is the reaction field at the nitr-
oxide that results from polarisation of the dielectric by the
dipole moment of the nitroxide. In the Onsager approach,
the reaction field may therefore be expressed in the form:

ER ¼ f ðerÞ
m

4peor3
eff

ð2Þ

where er is the relative dielectric permittivity of the med-
ium, eo is the permittivity of free space, and reff is the effec-
tive molecular radius of the nitroxide. Note that with
m = p, Eq. (2) is the reaction field for a non-polarisable di-
pole. Combining Eqs. (1) and (2), the reaction field is given
by [15]:

ER ¼
f ðerÞ

1� f ðerÞ a
4peor3

eff

� p

4peor3
eff

ð3Þ

Therefore, comparing Eqs. (2) and (3), the dipole moment
of the polarisable nitroxide is renormalised by a factor
½1� f ðerÞa=ð4peor3

effÞ�
�1 as a result of the reaction field. In

the presence of an external field, the polarisability a is
renormalised by exactly the same factor, as will be seen
later.

The electronic polarisability, a, can be expressed in
terms of the refractive index, nD, of the pure nitroxide by
using the Lorenz–Lorentz relation:
n2
D � 1

n2
D þ 2

¼ a
4peor3

eff

ð4Þ

Hence, the reaction field for a polarisable nitroxide is given
by:

ER ¼
f ðerÞ

1� f ðerÞ
n2

D
�1

n2
D
þ2

� p

4peor3
eff

ð5Þ

which, in contrast to Eq. (2), is expressed in terms of the
permanent electric dipole, p, instead of the total dipole,
m. The reaction field is parallel to the dipole moment p

and therefore, unlike an external field, does not affect its
orientation.

The function f(er) in Eq. (5) depends on the model
assumed for calculating the reaction field in Eq. (2). In
the Onsager model for condensed fluids, a spherical mole-
cule of radius reff is immersed in a homogeneous dielectric
of scalar dielectric constant e. Solution of Laplace’s equa-
tion then yields [15]:

foðerÞ ¼
2ðer � 1Þ
2er þ 1

ð6Þ

This leads to a compact expression for the strength of the
reaction field:

ERðOnsagerÞ ¼ 2ðn2
D þ 2Þðer � 1Þ
3ð2er þ n2

DÞ
p

4peor3
eff

ð7Þ

where for nitroxides n2
D � 2 (see, e.g., Ref. [20]). The Onsager

reaction field is approximately proportional to (er � 1)/
(er + 1) which, as is well known, saturates too quickly with
increasing dielectric constant [5,38] (see Fig. 1). The Onsager
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model therefore is applicable only to media with low dielec-
tric constants. Alternative reaction fields have been consid-
ered by Reddoch and Konishi [20], by Abe et al. [25], by
Ehrenson [26] and by Ottaviani et al. [27], when interpreting
the dependence of nitroxide hyperfine couplings on solvent
dielectric constant.

A possible modification to the Onsager model that was
put forward by Block and Walker [21] is to replace the
abrupt step to a homogeneous dielectric, at the molecular
surface, by an exponential transition that depends inversely
on radial distance: er(r) = eBexp(�j/r). The boundary con-
ditions that er = 1 at the molecular surface r = reff, and that
er attains its bulk value, eB, as r fi1, fix the exponential
decay constant and therefore no extra parameters are intro-
duced (see Fig. 2). Solution of the Laplace equation then
leads to [21]:

fBWðerÞ ¼
3er ln er

er ln er � er þ 1
� 6

ln er

� 2 ð8Þ

This, together with Eq. (5), defines the reaction field in the
Block–Walker model, which saturates less readily than
does that of the Onsager model (see Fig. 1), in accordance
with observation. For er fi 1, fBWðerÞ � 1

6
ln er and for

er fi1, fBW(er) = 1 [20].
As pointed out by Ehrenson [22], the exponential-inverse

transition of Block and Walker [21] reaches the bulk dielec-
tric constant only at large radial distances. A direct exponen-
tial transition: erðrÞ ¼ eB � ðeB � 1Þ2�ðr�reff Þ=2reff , which
reaches half the bulk value at r = 3reff, is shown for compar-
ison in Fig. 2. Numerical solutions for the reaction field,
fE(er), in this model have been given by Ehrenson [22] and
are presented in Fig. 1. As for the other continuum dielectric
Fig. 2. Radial dependence of the dielectric permittivity for an exponential-
inverse transition [21]: er = eBexp(�lneBÆreff/r) (solid line); or a direct
exponential transition [22]: er ¼ eB � ðeB � 1Þ2�ðr�reff Þ=2reff (dashed line).
Dependences are given for two values of the bulk dielectric permittivity:
eB = 10 and eB = 80, as indicated. The Onsager model (dotted line)
assumes a step-function at the molecular surface r = reff.
models, fE(er) = 1 for r fi1. The reaction field for this
direct exponential transition in dielectric constant saturates
more rapidly than does that for the exponential inverse tran-
sition, but less rapidly than in the Onsager model.

Wertheim [23] has performed a statistical mechanical
calculation for non-polar fluids. A hard-sphere version of
the mean spherical approximation (MSA) yields the fol-
lowing parametric result for the dielectric permittivity [23]:

er ¼
ð1þ 4nÞ2ð1þ nÞ4

ð1� 2nÞ6
ð9Þ

The parameter n is related to the renormalised polarisabil-
ity, a 0, by [23]:

a0

a
¼ 1� 16n

a
4peor3

eff

� ��1

ð10Þ

It should be noted that Eqs. (9) and (10) also hold for a
polarisable hard-sphere fluid with permanent dipoles, in
the mean spherical approximation [24]. In this case, the
permanent dipole, p, is renormalised by exactly the same
factor as is the polarisability (cf. Eqs. (2) and (3)).

In the Onsager approach for an apolar fluid (i.e., p = 0),
the induced dipole moment is related to a 0 by the following
definition:

m ¼ aðEC þ ERÞ ¼ a0EC ð11Þ
where EC is the cavity field associated with an external field
Eo, and ER is the reaction field. In combination with Eq.
(2), the renormalised polarisability becomes:

a0

a
¼ 1� fWðerÞ

a
4peor3

eff

� ��1

ð12Þ

Hence, in the mean spherical approximation (MSA) of
Wertheim for a polarisable hard-sphere, dipolar fluid
[23,24], the function defining the reaction field in Eq. (5)
is given from comparing Eqs. (10) and (12) by:

fWðerÞ ¼ 16n ð13Þ
which is related to the dielectric permittivity, er, by Eq. (9)
(see also Refs. [39,40]). For er = 1–100, fWðerÞ � 2

3
ln er and

for er fi1, fW(er) = 8 [20]. Again as seen from Fig. 1, the
function fW(er) saturates less rapidly than the correspond-
ing Onsager expression. Unlike the continuum dielectric
models, however, fW(1) > 1 in the Wertheim MSA model.
The ensuing much larger values of f(er) therefore have a
very pronounced effect on the polarisability-dependent
renormalisation factor ½1� f ðerÞa=ð4peor3

effÞ�
�1 in Eq. (3).

This is illustrated in Fig. 3 which shows the dependence
of the reaction field on dielectric constant predicted from
Eq. (5) with n2

D ¼ 2. The maximum value of f(er)/
[1 � f(er)/4] is 4/3 for the dielectric continuum models,
but for the Wertheim MSA model it already increases stee-
ply at er 6 10. In the Block–Walker model with exponen-
tial-inverse transition in er, renormalisation has a
relatively small effect for values of er in the region of prac-
tical interest.



Fig. 3. Dependence of the function f ðerÞ= 1� 1
4
f ðerÞ

� �
, which determines

the reaction field according to Eq. (5), on the bulk dielectric permittivity,
er, of the medium. Dotted line: Onsager model for a step transition in e
[15]; solid line: exponential-inverse transition in er [21]; dash and dotted line:
direct exponential transition in er [22]; dashed line: MSA for a polarisable,
hard-sphere, dipolar fluid [23,24].

Fig. 4. Structures of spin-label nitroxides: DTBN (di-tert-butyl nitroxide);
12-SASL (12-(4,4-dimethyl-oxazolidin-N-oxyl)stearic acid); TEMP-
AMINE, (4-amino-2,2,6,6-tetramethyl-piperidine-1-oxyl); TEMPOL
(4-hydroxy-2,2,6,6-tetramethyl-piperidine-1-oxyl); TMA-TEMPO (4-trime-
thylammonium-2,2,6,6-tetramethyl-piperidine-1-oxyl); PYCM (2,2,5,5-tet-
ramethyl-pyrrolin-1-oxyl-3-carboxamide); PYCA (2,2,5,5-tetramethyl-
pyrrolin-1-oxyl-3-carboxylate).

Fig. 5. Dependence of the isotropic hyperfine coupling, aN
o , on relative

dielectric permittivity, er, of the solvent; for DTBN ([3]; squares) and 12-
SASL ([29]; circles) nitroxyl spin labels. The data for DTBN are
augmented by points for toluene and pyridine from Reddoch and Konishi
[20]. Continuous lines are non-linear least-squares fits of the following
models: step transition in er ([15]; dotted line); exponential-inverse
transition in er ([21]; solid line); direct exponential transition in er ([22];
dash and dotted line); MSA for polarisable, hard-sphere dipoles ([23,24];
dashed line). The abscissa is logarithmic.
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3. Applications

The isotropic 14N-hyperfine coupling, aN
o , of nitroxide

spin labels depends linearly on the unpaired electron spin
density on the nitrogen atom [41]. This in turn is perturbed
linearly by the local electric field at the nitrogen atom
[3,20,25,42]. In terms of the reaction field of Eq. (5), the
isotropic hyperfine coupling therefore depends on the
dielectric permittivity of the solvent according to:

aN
o ¼ ae¼1

o þ Kv
f ðerÞ

1� 1
4
f ðerÞ

ð14Þ

where ae¼1
o is the extrapolated isotropic hyperfine coupling

in a medium of relative dielectric permittivity er = 1, and Kv

is a constant for a particular nitroxide (see also Ref. [29]).
In Eq. (14), it is assumed that n2

D � 2, for the refractive in-
dex of the nitroxide.

Structures of the nitroxide spin labels to be considered
are given in Fig. 4. Fig. 5 shows the dependence of aN

o on
relative dielectric permittivity of the solvent for the DTBN
[3] and 12-SASL spin labels [29]. All solvents considered
are aprotic, i.e., are not functioning as hydrogen-bond
donors (cf. Ref. [3]). They consist of both apolar and dipo-
lar solvents, varying from hexane (er = 1.89) to dimethyl
sulphoxide (er = 48.2). It is evident from Fig. 5 that the



Fig. 6. Dependence of the isotropic hyperfine coupling, aN
o , on relative

dielectric permittivity, er, of the solvent, for TEMPAMINE (squares) and
PYCM (circles) nitroxyl spin labels. Data from Knauer and Napier [44].
Continuous lines are non-linear least-squares fits to the models specified in
the caption to Fig. 5. The abscissa is logarithmic.

64 D. Marsh / Journal of Magnetic Resonance 190 (2008) 60–67
14N-hyperfine couplings depend approximately linearly on
lner for this range of solvents. Non-linear least-squares fits
of Eq. (14) to the experimental hyperfine couplings are
given with the various models for f(er) by the different lines
in Fig. 5. No model gives a perfect fit, which can be attrib-
uted to the existence of additional specific local interactions
with the solvent, such as are considered by, e.g., the Kirk-
wood model of molecular ordering in polar dielectrics [43].
The best overall fit is afforded by the Block–Walker model
(r = 0.93 for both DTBN and 12-SASL), which is defined
by a transition in dielectric permittivity that depends expo-
nentially on the inverse radial distance. For this model,
fBWðerÞ= 1� 1

4
fBWðerÞ

� �
approximates most closely to a log-

arithmic dependence on er. The step-function [15] and
direct exponential [22] transitions are characterised by a
convex deviation from a logarithmic dependence, whereas
the deviations of the Wertheim MSA model for hard-
sphere fluids are of the opposite sense, i.e., concave down-
wards (see Fig. 5).

A feature already noted for the Wertheim MSA model is
the steep increase in the function fWðerÞ= 1� 1

4
fWðerÞ

� �
for

er > 10. Amongst other things, this results in fitted values
of Kv being smaller by approximately a factor of 10 for this
model than for the other three continuum dielectric mod-
els. The fitting parameters for the exponential-inverse
Block–Walker model are given in Table 1. For comparison,
the values of Kv for 12-SASL that are obtained with the
Onsager (r = 0.89), direct exponential (r = 0.89) and Wert-
heim models (r = 0.90) are: 4.7 ± 0.7, 3.6 ± 0.6 and
0.60 ± 0.09 · 10�2 mT, respectively. Similar values are also
obtained for DTBN with these three models, except that
the regression coefficient for the Wertheim model is lower
(r = 0.88).

Fig. 6 shows the dependence of aN
o on er for the TEMP-

AMINE and PYCM spin labels [44]. Only data for aprotic
solvents are included, which again range in dielectric con-
stant from hexane to dimethyl sulphoxide. In addition, cer-
tain apolar solvents (benzene and dioxane) and others that
Table 1
Parameters fitting the dependence of aN

o on solvent polarity according to
Eqs. (5) and (14) with fBW(er) = 3er ln er/(er ln er � er+1) � 6/ln er � 2 (see
Figs. 5–7)

Spin label Kv · 102 (mT) ae¼1
o (mT)

DTBN 10.5 ± 1.1a 1.514 ± 0.004a

10.3 ± 1.1b 1.514 ± 0.004b

12-SASL 10.1 ± 1.2 1.407 ± 0.004
TEMPAMINE 9.8 ±1.1 1.524 ± 0.004
TEMPOL 9.9 ± 1.3 1.519 ± 0.006
TMA-TEMPO 9.6 ± 1.3 1.513 ± 0.006
PYCM 10.9 ± 1.3c 1.404 ± 0.004c

9.9 ± 1.4d 1.410 ± 0.006d

PYCA 15.4 ± 2.1 1.400 ± 0.009

a From data of Fig. 5 [3].
b From data of Knauer and Napier [44] with range of solvents given in

Fig. 6.
c From data of Fig. 6 [44].
d From data of Fig. 7, for more limited range of solvents [27].
are not covered in Fig. 5 (dichloroethane and nitrometh-
ane) are also excluded. As in Fig. 5, the data are best fit
by the Block–Walker model (r = 0.92 for both TEMP-
AMINE and PYCM). Values of the fitting constants for
this model are given in Table 1. Note that the parameters
derived from DTBN [44], with the same range of solvents
as for TEMPAMINE and PYCM in Fig. 6, are in good
agreement with those determined for DTBN from the data
in Fig. 5.

Fig. 7 gives the isotropic hyperfine couplings, aN
o , for the

TEMPOL, TMA-TEMPO, PYCM and PYCA spin labels
in a more limited series of aprotic solvents, ranging from
tetrahydrofuran (er = 7.6) to dimethyl sulfoxide
(er = 48.2) [27]. Previously, it was found that this series
Fig. 7. Dependence of the isotropic hyperfine coupling, aN
o , on relative

dielectric permittivity, er, of the solvent, for TEMPOL, TMA-TEMPO,
PYCM and PYCA nitroxyl spin labels. Data from Ottaviani et al. [27].
Continuous lines are non-linear least-squares fits to the models specified in
the caption to Fig. 5. The abscissa is logarithmic.
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conformed to the Wertheim MSA reaction field, but with-
out renormalisation to account for polarisability of the
nitroxide [27]. This still holds after renormalisation, for this
limited range of solvents (see Fig. 6); regression coefficients
are r = 0.96–0.97. Nevertheless, reasonable fits are also
obtained with the exponential-inverse model of Block and
Walker (r = 0.94–0.95), whereas the Onsager and direct
exponential models obviously describe the data less well.
Fitting constants for the Block and Walker model are
included in Table 1. It will be noted that the values for
PYCM agree with those that were obtained from the data
in Fig. 6 for this nitroxide in a wider range of solvents and
for which the Block and Walker model gave the best fit.

The g-factor, as with the hyperfine coupling, also
responds linearly to electric fields [45,46]. Correspondingly,
the dependence of the isotropic g-value, go, on solvent
dielectric permittivity can be described by an analogous
expression:

go ¼ ge¼1
o þ Kv;g

f ðerÞ
1� 1

4
f ðerÞ

ð15Þ

—cf. Eq. (14) and Ref. [29]. Fig. 8 gives the dependence of
the isotropic g-value on dielectric permittivity of the sol-
vent for the DTBN [3] and 12-SASL [29] spin labels. The
best fit (r = 0.86) of Eq. (15) to the data for DTBN is given
by the model with exponential-inverse radial dependence of
er [21]. For 12-SASL, however, the data is better described
by the Wertheim MSA model [23,24] (r = 0.91). The Block
and Walker model [21] gives the second-best fit (r = 0.77)
for the isotropic g-values of 12-SASL. On the whole, how-
ever, the data for the g-values exhibit a considerably larger
scatter than do those for the hyperfine couplings (compare
Figs. 5 and 8).
Fig. 8. Dependence of the isotropic g-value, go, on relative dielectric
permittivity, er, of the solvent, for DTBN ([3]; squares) and 12-SASL ([29];
circles) nitroxyl spin labels. Continuous lines are non-linear least-squares
fits to the models specified in the caption to Fig. 5. The ordinate is
expressed relative to the free-electron g-value, ge = 2.002319. The abscissa
is logarithmic.
4. Conclusions

The isotropic hyperfine couplings of nitroxide spin
labels exhibit an approximately logarithmic dependence
on the dielectric permittivity of aprotic solvents (see Figs.
5 and 6). This is inconsistent with the predictions of the
Onsager model for a step transition in dielectric permittiv-
ity at the molecular surface (see Fig. 3). The transition with
an exponential dependence of er on inverse radial distance
[21] produces a renormalised reaction field, fBWðerÞ=
1� 1

4
fBWðerÞ

� �
, which, of the different models, most closely

depends logarithmically on bulk dielectric permittivity (see
Fig. 3). Therefore, in accordance with observation, it is
expected that this model will best describe the dependence
of aN

o on er for nitroxide spin labels. (Comparison with data
for PYCM in Fig. 6 shows that the Wertheim MSA, which
fits best in Fig. 7, performs less favourably when extended
to lower values of er.) In addition, theoretical studies on the
polarity dependence of aN

o for H2NO in aprotic solvents are
found to produce agreement with experiment, when the
reaction field of Block and Walker is used in the calcula-
tions [38]. More recently, almost quantitative agreement
has been found for the values of aN

o for TEMPO-choline,
3-carboxy-PROXYL, and 4-carboxy-TEMPO in a range
of aprotic solvents, by using DFT in combination with a
polarisable continuum model [47,48].

The model of Ehrenson [22] for a direct exponential
transition in dielectric permittivity at the molecular surface
has previously only been applied to the analysis of a limited
series of EPR hyperfine couplings [26]. After allowing for
polarisation of the nitroxide, it does not offer an improve-
ment, relative to the Block–Walker model [21], for fitting
hyperfine couplings. Functionally it lies closest to the
Onsager model (see Figs. 5–8) to which it is physically most
related, but empirically does not perform overall as well as
the latter.

Previous analyses employing alternative reaction fields
to that of Onsager have neglected to include the renormal-
isation (Eqs. (3),(5)) that arises from polarisability of the
nitroxide [20,25–27], although this was included in most
analyses with the Onsager model [3,16,17]. This might
account for part of the tendency to favour the Wertheim
MSA model in previous analyses [20,27]. The reason being
that the un-normalised Wertheim reaction field, fW(er),
(which applies only to unpolarisable spin labels, with
nD = 1) depends approximately linearly on ln er (see
Fig. 1). However, the Wertheim model is particularly sen-
sitive to renormalisation and hence gives rise to large devi-
ations from a logarithmic dependence (see Fig. 3), whereas
the Block–Walker model, on the other hand, does not.

The scatter in the data for the g-values in Fig. 8 is
greater than that for the hyperfine couplings of Fig. 5.
Therefore, the dependence of go on er is less appropriate
for distinguishing between the different models for the reac-
tion field. Nevertheless, the g-value data reasonably sup-
port the choice of the exponential-inverse Block–Walker
model, particularly in the case of DTBN. This, therefore,
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should be useful in analysing the polarity dependence of g-
values that are measured with the increased precision of
high-field EPR [49–51]. Not all deviations from the fits to
a particular reaction field are attributable to experimental
scatter. The correlation of go with aN

o is better than the
quality of the fits with dielectric constant in Fig. 8 [3,29].
This points to the presence of additional, more specific sol-
vent interactions with the nitroxide that cannot be
described by continuum dielectric models, but which affect
both aN

o and go similarly.
Finally, it should be noted that considerations similar to

the above are likely to apply to the polarity dependence of
chemical shifts in NMR. These too are determined by the
strength of the reaction field from the dielectric environ-
ment (see, e.g., Ref. [1]).
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