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A detailed ENDOR study of anisotropic proton hyperfine shifts in the nitroxide spin probe 
3-doxylcholestane (CSL) in liquid-crystalline solution is described. The data are interpreted by 
means o f theoretically calculated proton hyperfine tensors (McConnell-Strathdee-Derbyshire 
treatment), providing an independent check o f the ordering matrix. The orientational order and 
the dynamic behavior o f the nematic and smectic phases o f  the liquid crystals (40,6), (50,6), 
and 8CB are investigated by EPR using CSL and phenalenyl as spin probes.
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Introduction

The investigation of orientational order and 
molecular motion in liquid crystals by EPR spec­
troscopy using suitable paramagnetic spin probes as 
reporter molecules is a well established method 
[1-3], Nitroxide radicals with elongated, rod-like 
shape have found widespread use for this purpose 
since they are chemically stable and their EPR 
spectra are easily interpreted and allow reasonable 
conclusions with respect to the properties of the 
liquid-crystalline solvent [4-10]. It has been 
demonstrated that the order parameters of such spin 
probes -  as determined from measured hyperfine 
splittings and g values -  are proportional to the 
order parameters of the liquid crystals [11] and, in 
fact, similar in absolute magnitude. EPR lineshape 
studies of molecular dynamics, however, are faced 
with several difficulties. Thus, slow tumbling of the 
spin probes in low-temperature nematic and smectic 
phases requires the application of a sophisticated 
theoretical treatment for lineshape analyses [7, 12]. 
Moreover, the linewidths are affected by inhomo­
geneities of the sample and imperfect alignment of 
the director, and unresolved proton hyperfine 
splittings give rise to inhomogeneous line broaden­
ing.

Whereas the proton hyperfine splittings of typical 
nitroxide spin probes dissolved in viscous liquid

* Reprint requests to Priv.-Doz. Dr. B. Kirste, Institut für 
Organische Chemie, Freie Universität Berlin, Taku- 
straße 3. D-1000 Berlin 33, Germany.

crystals cannot be extracted from EPR spectra, this 
can be achieved by means of ENDOR (electron 
nuclear double resonance) spectroscopy. The 
application of ENDOR for unravelling isotropic 
and anisotropic hyperfine interactions in different 
types of radicals dissolved in smectic phases has 
been demonstrated in previous papers [13-15]. In 
the present paper a detailed ENDOR investigation 
of the cholestane spin probe 4',4'-dim ethylspiro(5a- 
cholestane-3,2'-oxazolidine)-N-oxyl (CSL) in liquid 
crystals is reported. The isotropic hyperfine cou­
plings of this radical have already been determined 
by EPR [16], but the anisotropic contribution also 
operative in liquid-crystalline solution is quite con­
siderable. Furthermore, EPR studies of this radical 
in several liquid crystals exhibiting nematic and 
various smectic phases (SA, SB, Sc , SF, and SG) 
will be presented, namely 4-cyano-4'-octylbi- 
phenyl (8CB), N-(4-butoxybenzylidene)-4-hexyl- 
aniline (40,6), and N-(4-pentyloxybenzylidene)-4- 
hexylaniline (50,6). The main emphasis is given to 
an analysis of order parameters and phase transi­
tions, whereas the temperature and angular depen­
dence of the EPR linewidths will be discussed in a 
more phenomenological manner.

Experimental

Preparation of  Samples

The liquid crystal 40,6 was synthesized by condens­
ing equimolar quantities of 4-butoxybenzaldehyde 
and 4-hexylaniline [17], 8CB was prepared according
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to [18], and 50,6 was a gift from Prof. G. Koßmehl, 
and the CSL spin probe was purchased from 
Aldrich. Phase transitions of the liquid crystals in 
°C, 8CB: K 21 SA 34N 41 I, 40,6: K 26 SB 47.3 SA
54.7 N 76.9 I, and 50,6: K 32.5 SG 40.2 SF 43.0 SB 
51.3 Sc 52.8 SA 61.2 N 73.0 I.

For EPR and ENDOR investigations, solutions of 
the spin probe (10-3 -  10-4 M) in the liquid crystals 
were prepared in thin-walled cylindrical Pyrex 
sample tubes (3.3 mm o. d., 2.8 mm i.d.). The 
samples were thoroughly mixed and deoxygenated 
by warming them in a bath until the isotropic phase 
was formed and flushing with purified nitrogen. 
Radical concentrations were checked by comparing 
the second integral of the digitized EPR spectrum 
with that of a reference sample of known concen­
tration. Oriented samples of smectic phases were 
obtained by slowly cooling the mesogen from the 
nematic phase in a strong magnetic field (ca. 1 T).

Instrumentation

EPR, ENDOR and TRIPLE spectra were re­
corded on a Bruker ER 220 D EPR spectrometer 
equipped with a Bruker cavity (ER 200 ENB) and 
laboratory-built NM R facilities described elsewhere 
[19]. The spectrometer was interfaced to a mini­
computer (HP 1000/A600) used for controlling the 
scan oscillator and the rf power (which was kept 
constant over the frequency range) in ENDOR ex­
periments in addition to data acquisition and 
handling and storage of the spectra. EPR spectra 
were accumulated by using a Nicolet 1170 signal 
averager employing 1 - 4 K  data points and after­
wards transferred to the minicomputer. The spec­
trometer was stabilized by means of a field-fre- 
quency lock (Bruker ER 033). The temperature of 
the sample was adjusted by using a temperature 
control unit Bruker VT-1000 and checked by means 
of a thermocouple.

Results and Discussion

ENDOR Study o f  CSL in Isotropic Solution

The isotropic hyperfine interactions in the nitro- 
xide spin probe 3-doxylcholestane (CSL) were 
first investigated in toluene by EPR, ENDOR, and 
TRIPLE resonance. The 'H  ENDOR spectrum 
exhibits four line pairs corresponding to hyperfine

coupling constants of 2.83, 2.06, 1.70, and ca. 
0.4 MHz (toluene, 220 K). The signals belonging 
to the smallest coupling are much broader and less 
intense than the others. Relative signs of the cou­
pling constants were determined by means of 
general TRIPLE resonance [20], see Fig. 1 (left). 
Clearly the sign of the largest coupling is opposite 
to that of the next two. Moreover, the weak signals 
near the free proton Larmor frequency are shifted 
on pumping one of the outer resonances. Hence 
there are actually two line pairs with coupling 
constants of opposite sign and slightly different 
magnitude; the data are collected in Table 1.

14N ENDOR signals could be observed at higher 
temperatures (e.g., toluene, 270 K), see Fig. 1 
(right). The lines are centered about half the 
14N coupling constant (aN = 40.23 MHz). The in­
tensities of the two signals are different and depend 
on the field setting, but the cross-relaxation effects 
responsible for this behavior are not very pro­
nounced (amplitude ratio of 1.5, dominant Wx2- 
process) [21]. However, also the 'H  ENDOR signal 
intensities are slightly influenced by this effect at 
this temperature, allowing the determination of the 
signs of the coupling constants relative to that of the 
14N coupling constant (CRISP technique [22, 23]). 
Since the latter can safely be assumed to be posi­
tive, all signs are now determined in an absolute 
sense (Table 1).

1297

1 2  1 3  1 4  1 5  1 6  M Hz 1 8  1 9  2 0  2 1  MHz

Fig. 1. Left: General TRIPLE spectra ( ’H) o f CSL in 
toluene (220 K). The pump frequencies are denoted by 
arrows (mw power 100 mW, rf power 60 W scan and 
300 W pump). Right: 14N  ENDOR spectra o f CSL in 
toluene (270 K) obtained with different Field settings (top: 
low field, center: center field, bottom: high field; mw 
power 100 mW, rf power 210 W corresponding to 
0.6 mT in the rotating frame, frequency modulation ampli­
tude 200 kHz).
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Since the ENDOR spectra do not provide reliable 
information on the numbers of contributing nuclei, 
the multiplicities were determined by means of 
computer simulations of the EPR spectrum. Because 
optimum EPR and 'H ENDOR spectra are obtained

Table 1. Isotropic hyperfine coupling constants and hyper­
fine shifts (in MHz) o f  3-doxylcholestane a.

Position a
toluene 
220 K

a
(50,6)
330 K

A a exj) 
(50,6) 
330 K

A Ocalc

14n +40.23 c +40.63 d -2 0 .5 4  d -2 1 .3
a (I H, Ö, eq) +2.83 +  2.82 +0.78 +0.78
h (2 H, y, ax ) -2 .0 6 -2 .0 8 +2.52 +2.90
e (2 H, y ,eq ) -1 .7 0 -1 .6 7 +0.23 +0.23
d  (2 H, Ö, a x) +0.55 +0.55 +0.89 +  1.01
e (6 H, Me) -0 .3 3 -0 .4 2 +0.56 + 0 .2 7 e

± 0 .1 0 ±  0.72 (?) f
± 0 .1 0 ±  0.22 (?)

g-value 2.00580 +0.00039

a ENDOR measurements, accurate within ± 0 .01  MHz.
For the labelling o f positions, see Figure 4. 

b Calculated with tensor data from Table 2 and the 
following order parameters: 0 VV =  0.80, Ox x = O zz =  
-0 .4 0 .  

c At 270 K. 
d EPR measurement.
e Average for three methyl protons in a single confor­

mation.
f Calculated shift for the y protons in the oxazolidine  

ring (position 5'): -  1.39 MHz.

Fig. 2. Left: EPR spectrum of CSL in toluene (270 K; top) 
and computer simulation (bottom; coupling constants 
(in MHz): 40.06 (1 N ), 2.79 (1 H), 2.01 (2 H), 1.70 (2 H), 
0.59 (2 H), and 0.32 (6H ); Lorentzian peak-to-peak line­
width parameters (in mT, c f .(6): ,4 =  0.020, B = — 0.006, 
and C =  0.008). Right: EPR spectrum o f CSL in glassy 
toluene (160 K; top) and computer simulation (bottom; 
g xx =  2.0091, g YY =  2.0061, # . . =  2.0023, Axx =  Ayy =  
'14.6 MHz. A . .  =  91.4 MHz, linewidth 0.47 mT (full width 
at half height. Gaussian shape)).

at different temperatures, a fit procedure using the 
ENDOR data as starting values has been employed 
(program NOFIT [24]). The simulation takes i n ­

dependent linewidths into account, see Fig. 2 (left). 
It stands to reason that coupling constants less than 
the linewidth of about 0.02 mT and their multi­
plicities cannot be determined reliably by this 
procedure. The three largest proton coupling con­
stants are in agreement with those reported pre­
viously [16].

The principal components of the 14N hyperfine 
and g  tensors were extracted from an EPR spectrum 
taken in glassy toluene, see Fig. 2 (right). A com­
puter simulation is also depicted in Figure 2. The 
data for the .v, y  components are not very accurate 
because of the poor resolution of the central part of 
the spectrum (Axx % Ayy = 14.6 MHz, Azz =  91.4 MHz, 
g xx =  2.0091, g vy=  2.0061, and g zz = 2.0023; see 
also [25]).

ENDOR Study o f  CSL in Smectic Phases

Anisotropic proton hyperfine components cannot 
be extracted from EPR spectra taken in glassy or 
liquid-crystalline solution because the proton 
splittings are not resolved. However, well-resolved 
'H ENDOR spectra can be obtained in oriented 
smectic phases. Figure 3 shows 'H ENDOR spectra 
of 3-doxylcholestane in the smectic A phase of
(40,6) for three different angles between the director 
and the static magnetic field. Obviously the proton 
hyperfine splittings are strongly angular dependent 
due to anisotropic contributions.

To a good approximation, the angular depen­
dence of proton hyperfine splittings is given by

ä(y) =  Ä± +  ( i |  - Ä ±) cos2 y, (1)

where

Aj =  a ( 0 ° )  =  a +  Aa ,  (2)

Ä ± =  ä ( 9 0 ° )  =  a -  Aa / 2 .  (3)

The anisotropic hyperfine shifts A a depend on the 
respective dipolar hyperfine tensor and the ordering 
matrix (vide infra). Equation (1) can be rewritten as

ci (y) = a -I- A a — A a sin2 y . (4)

Thus, a plot of a (y) vs. sin2 y should be linear, and 
the determination of the isotropic coupling constant 
a and the anisotropic shift Aa is straightforward.
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Fig. 3. ENDOR spectra o f CSL in the smectic A phase o f  
(40,6) taken at three different angles between the director 
and the static magnetic field (324 K, mw power 100 mW, 
rf power 100 W corresponding to ß rf% 0.4m T  in the 
rotating frame).

Fig. 4. Angular dependence o f  the observed proton hyper­
fine splittings o f CSL in the smectic A phase o f (50,6) at 
330 K (ENDOR data). Note that some o f the coupling 
constants (denoted by b, c, and e) actually have negative 
signs.

ENDOR spectra of CSL in the smectic A phase 
of (50,6) have been measured in angular steps of 
10°. A plot of the observed hyperfine splittings is 
given in Figure 4. Although not all signals could be 
followed through the whole range of orientations 
due to overlap of lines, the analysis is unambiguous 
at least for the larger couplings. The results are 
collected in Table 1.

Attempts to record 14N ENDOR spectra of CSL 
in liquid-crystalline solution did not succeed so far. 
Such measurements would be informative since 
they could provide 14N quadrupole splittings as has 
been demonstrated for small nitroxide molecules
[26], However, voluminous nitroxide radicals such 
as CSL require solvents of low viscosity to achieve 
rotational correlation times short enough for a 
measurable 14N ENDOR enhancement [27], 
Actually weak 14N ENDOR signals of CSL could be 
recorded in the isotropic phase of 4,4'-dimethoxy- 
azoxybenzene (PAA) at 420 K, but clear-cut results 
could not be achieved in the nematic phase, the 
more so since the 14N ENDOR signals are shifted 
into the proton region.

Interpretation o f  the Hyperfine Shifts

The anisotropic hyperfine shifts A a observed in 
liquid-crystalline solution depend on the inner 
product of the traceless ordering matrix (elements 
Ojj) and the respective dipolar hyperfine tensor 
(elements A'j) [28], In a principal axes system, one 
obtains

A a =  OyyA'yy +  }  (Ö-, ~  O X X) (A * ~  A X x) ,
(5)

assuming that the molecules are mainly aligned 
along the y  axis (long molecular axis). (An anal­
ogous equation applies to the g tensor.) The order­
ing matrix of CSL can be determined from the 
nitrogen hyperfine and g tensors [25], With tensor 
data from powder measurements (A'yy (N) %
— 25.6 MHz, vide supra), Ovy=  0.80 is obtained for 
CSL in the smectic A phase of (50,6) (at 330 K; see 
Table 1) provided that Oxx ~  Ozz .

The proton hyperfine tensors are not directly 
accessible from the available experimental data, but 
they can be calculated according to the theory 
developed by McConnell and Strathdee [29] and 
equations for non-planar radicals given by Derby­
shire [30] and by Pitzer et al. [31]; see also [28, 32],
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Table 2. Spin populations and calculated dipolar hyperfine 
tensorsa (in MHz) o f 3-doxylcholestane.

Position Qn A x  X A y y A'zz

14N ( N -O )  
160 ( N - 0 )

0.54
0.46

-2 4 .3 -2 6 .6 50.9

a (5, eq) -0 .7 2 0 0.978 -0 .2 5 8
b ( y , a x ) -2 .7 4 4 3.627 -0 .8 8 4
c (y, e q) -2 .9 5 7 0.282 2.676
d  (8, a .x) -0 .5 8 6 1.262 -0 .6 7 6
e(M e, H -l) 0.670 0.110 -0 .7 8 0

(Me, H-2) -2 .3 4 9 3.247 -0 .8 9 8
(Me, H-3) -0 .1 7 4 -2 .3 2 9 2.504

/ ( / ( 5 ' ) ) 3.083 -1 .7 4 2 -1 .3 4 2

a Calculated according to McConnell and Strathdee [29] 
and Derbyshire [30] with structural data for 4',4'-di- 
m ethylspiro(cyclohexane-l,2'-oxazolidine)-N-oxyl [33]. 
The y  axis is the long molecular axis (angle o f 70° with 
the N - 0  bond axis), the z axis is parallel to the 
N ,0  p orbitals (cf. Fig. 4) [25],

For these calculations, the geometry of the radical 
and the spin density distribution must be known. 
Structural data for the relevant fragment of CSL 
have been taken from an X-ray study of the related 
radial 4',4 '-dim ethylspiro(cyclohexane-1,2'-oxa- 
zolidine)-N-oxyl [33]. The n spin population at the 
nitrogen atom was estimated from a comparison of 
the experimental hyperfine tensor data with a cal­
culation using parameters given in [34], yielding 
£>k(N) = 0.54. The remaining n spin population is 
assumed to be localized at the oxygen atom of the 
nitroxyl group. The calculated dipolar hyperfine 
tensors are given in Table 2, and the calculated 
hyperfine shifts are collected in Table 1. Since the 
agreement with the experimental data is remarkably 
good, the assumptions about the ordering matrix are 
evidently justified.

EPR Study o f  Molecular Order in Liquid Crystals

A series of EPR spectra of CSL in the liquid 
crystal (50,6) taken at different temperatures is 
depicted in Figure 5. At 342 K, pure (50,6) forms a 
nematic phase. The CSL spin probe, however, is 
chiral and induces a cholesteric phase (concentra­
tion ca. 2- 10- 3 M in this case). The helical twist 
gives rise to a distribution of local director orienta­
tions and hence a characteristic powder-type EPR 
spectrum is obtained [35, 36],

On lowering the temperature until a smectic 
A phase forms, an EPR spectrum with a com-

Fig. 5. EPR spectra o f CSL in (50,6) at different tem­
peratures. N ote that at 342 K a cholesteric phase is 
induced by the chiral spin probe (concentration ca. 
2 - 10_ 3 M). The spectra in the smectic phases were re­
corded after cooling the sample in an external magnetic 
field of 1 T. Spectra taken in the smectic A phase (330 K) 
are shown with the director parallel and perpendicular to 
the magnetic field. N ote the appearance o f  powder-type 
features in the smectic C phase.

plicated powder-type pattern due to a nonuniform 
director distribution is observed. However, a 
smectic A phase with a uniform director orientation 
has been obtained by cooling the sample slowly in 
an external magnetic field of 1 T (see Figure 5), be­
cause a strong magnetic field causes unwinding of the 
helical structure in an induced cholesteric phase 
[36]. Since the director of a smectic phase is not 
reoriented by a magnetic field (0.34 T in the EPR 
experiments), angular dependences can conveniently 
be studied. For instance, the observed nitrogen 
hyperfine splitting is strongly angular dependent.

In contrast to the smectic A phase, the single­
crystal-type appearance of the EPR spectra is lost in 
the smectic C phase (326 K, see Figure 5). Since the 
director axis is tilted with respect to the normal of 
the smectic layers in a smectic C phase, a uniform 
director orientation cannot be achieved by the 
employed method of sample preparation (see Ex­
perimental; an alternative method is described 
in [8]). The powder-type lineshape remains essen-
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tially unchanged in the smectic B, F, and G phases 
forming at still lower temperatures.

In order to estimate the degree of ordering in the 
liquid-crystalline phases, it was assumed that the 
order parameter S* =  Oyy of the CSL solute mole­
cules should be an appropriate measure for the 
order parameter of the mesophase. For the reasons 
discussed above, this applies only to the smectic 
A phase of (50,6). The order param eter S*  was 
calculated from the observed nitrogen hyperfine 
shift (5* ~  -  zlaN/25.6 MHz, vide supra). For 
comparison, the disk-shaped molecule phenalenyl 
was used as spin probe in a second series of 
measurements. In the case of phenalenyl, the order 
parameter S* =  — 2 • Ozz (the z axis represents the 
symmetry axis perpendicular to the molecular 
plane) should provide a lower limit o f the order 
parameter of the mesophase [37],

The results are depicted in Figure 6. The order 
parameter S*  obtained with the phenalenyl probe 
shows the expected temperature dependence in the 
nematic and smectic A phases of (50,6), namely an 
increase in the nematic phase with decreasing 
temperature, a sharp increase at the phase transition 
to the smectic A phase and little change in the 
smectic A phase. It is noteworthy that the CSL 
probe achieves a much higher degree of ordering 
(S*  % 0.8) than the phenalenyl probe (S*  % 0.6) in 
the smectic A phase, probably because the CSL 
molecules are preferentially located in proximity to 
the aromatic portions of the solvent molecules, 
whereas the phenalenyl molecules are apparently 
expelled to the region of the flexible hydrocarbon 
chains.

At the phase transition to the smectic C phase, 
the order parameter S*  of the phenalenyl probe 
sharply decreases, obviously because of disorder 
introduced by the tilted phase structure. Since the 
phenalenyl molecule is highly mobile [37], site in­
equivalencies are averaged out and single-crystal- 
type spectra are obtained. 5* (phenalenyl) remains 
virtually constant in the smectic B phase and then 
decreases again in the smectic F phase. Thus, all 
phase transitions of (50,6) are clearly visible in a 
plot of S* (phenalenyl) vs. temperature (see Fig. 6), 
whereas the absolute value of S* (phenalenyl) is 
certainly much smaller than the “true” microscopic 
order parameter of the smectic phases. In contrast, a 
well-defined order parameter can hardly be ex­
tracted from the powder-type EPR spectra of CSL

T [K]

Fig. 6. Temperature dependence o f the effective order 
parameter S*  (see text) o f  the two spin probes CSL and 
phenalenyl in the liquid crystal (50,6). Note that the phase 
transitions are clearly visible in the lower curve, S*  
(phenalenyl).

in the low-temperature smectic phases (C to G). 
The values of S*  (CSL) included in Fig. 6 have 
been derived from the line separations of the three 
intense peaks; they do not show a significant tem ­
perature dependence (S* % 0.9).

The results of EPR investigations of the liquid 
crystal (40,6) with the CSL spin probe are depict­
ed in Fig. 7, showing the temperature dependences 
of the order parameter S*  (top) as well as the 
linewidth parameters B and C (bottom). The EPR 
linewidths (T J 1) were determined from computer 
simulations using a fit procedure (program NOFIT
[24]), taking the proton hyperfine splittings (data 
from ENDOR measurements) and the Mx depen­
dence into account,

7̂ 2 * = A +  B M \ +  C M i . (6)

Whereas the linewidths increase in the isotropic 
phase with decreasing temperature due to in­
creasing viscosity of the solvent and hence slower 
molecular tumbling, they decrease in the nematic 
and smectic mesophases. This decrease is due to the 
influence of molecular ordering, restricting the line- 
broadening effects of the modulation of anisotropic 
interactions by molecular motion. The discontinui­
ties at the phase transitions (isotropic/nematic and 
nematic/smectic A) are probably caused by thermal 
gradients over the sample volume (coexistence of 
two phases).
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Fig. 7. Temperature dependence o f the effective order 
parameter S*  (top) and the EPR linewidth parameters 
(bottom) o f CSL in (40,6). The parameters B and C (cf. 
(6)) refer to Lorentzian peak-to-peak linewidths.

Fig. 8. Angular dependence o f the EPR linewidth param­
eters A, B, and C o f CSL in the smectic A phase o f  
(40,6) at 324 K (cf. (6) and (7); the parameters refer to 
Lorentzian peak-to-peak linewidths).

Figure 8 shows a plot of the angular dependence 
of the linewidth parameters A, B, and C  of CSL in 
the smectic A phase of (40,6). Whereas the param ­
eter — B increases monotonously from 0° to 90°, 
the value of C passes through a maximum at about 
40°. Theory predicts the following angular depen­

dence of the param eter B in the fast-tumbling limit:

B (y) = B0 +  B 2 P 2 (cos y) + B4 P4 (cos y ) , (7)

where P2 (cos y) and P4 (cos y) are Legendre poly­
nomials; analogous equations apply to the param ­
eters A and C [5, 38]. The parameters B0 , B 2, and 
B4 in (7) depend on the dipolar hyperfine and g  
tensors, the orientational order parameters P2 
(denoted S* in the previous discussion) and P4 and 
the rotational correlation times r0 and r2. In 
principle, the higher order parameter P4 and the 
rotational correlation times can be determined by 
adjusting the parameters in (7) until agreement with 
the experimentally observed angular dependence is 
achieved. However, (7) is not strictly applicable to 
the case under study dealing with the slow tumbling 
region. Moreover, inhomogeneous linewidth con­
tributions due to imperfect alignment of the 
director or director fluctuations should be taken 
into account. These effects are probably responsible 
for the observation of a pronounced maximum of 
the parameter C at intermediate angles (y ~ 4 0 ° , 
see Figure 8). Since a detailed EPR lineshape study 
of the CSL probe in (40,6) has already been 
reported by Meirovitch and Freed [8], this topic will 
not be pursued further here. It should be noted, 
however, that the motion of the CSL probe in the 
smectic B phase of (40,6) is quite similar to that at 
the low-temperature end of the smectic A phase. 
Obviously this behavior does not correlate with the 
macroscopic viscosity of these phases.

Finally spin probe investigations of the liquid 
crystal 8CB shall be considered. For the CSL probe 
in the smectic A phase of 8CB the following data 
have been obtained (295 K): aN = 40.92 MHz, 
z)ön = -  18.52 MHz, and S* =  0.72. It is noteworthy 
that a similar order parameter has been found for 
the phenalenyl probe, namely S* = 0.68 [37], So in 
this respect the smectic A phase of 8CB behaves 
quite differently from that of (50,6) which shows 
pronounced differences regarding the order param ­
eters of these two probes (vide supra). Moreover, 
the linewidths in the EPR spectra of CSL in 8CB  
are much larger than those observed in (50,6) or
(40,6), see Figure 9. Thus, the parameters B and C 
are roughly three times as large as in (40,6) (smectic 
A or B phase), indicating a higher “microviscosity” 
in 8CB. This peculiar behavior of 8CB is probably 
related to the particular phase structure of its 
smectic A phase which exhibits an interdigitated
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Fig. 9. Angular dependence o f the EPR linewidth param­
eters o f CSL in the smectic A phase o f 8CB at 295 K 
(cf. caption of Figure 8).

bilayer arrangement with a lamellar spacing of 
about 1.5 times the molecular length [39]. (A claim 
that the smectic A phase of 8CB is reoriented by an 
external magnetic field [12] could not be confirmed 
in our laboratory, provided the measurements are 
performed well below the N - S A transition tem­
perature.)

Conclusion

It has been demonstrated that the anisotropic 
proton hyperfine shifts of the widely used cho­
lestane spin probe 3-doxylcholestane (CSL) can be 
obtained from ENDOR measurements in liquid- 
crystalline solution. These data provide further 
confirmation for the ordering matrix derived from 
nitrogen hyperfine and g shifts. Moreover, they 
allow proper simulations of the EPR spectra, taking 
the inhomogeneous line broadening by unresolved 
proton hyperfine splittings into account. This elim­
inates one of the problems encountered in EPR 
lineshape studies of molecular motion.
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