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Conformational and Orientational Determination
from Dipolar Couplings in a Weakly Ordering

Organic-Based Lyotropic and a Strongly Ordering
Thermotropic Liquid Crystal

MARIA ENRICA DI PIETRO,1,2,∗ GIUSEPPINA DE LUCA,1

GIORGIO CELEBRE,1 DENIS MERLET,2

AND CHRISTIE AROULANDA2

1Dipartimento di Chimica e Tecnologie Chimiche, Università della Calabria,
Arcavacata di Rende (CS), Italy
2Equipe de RMN en milieu orienté, ICMMO, Université Paris-Sud, Orsay,
France

A weakly ordering organic-based lyotropic phase and a strongly ordering nematic liquid
crystal have been used as NMR media for a parallel study of the conformation and
orientational order of the same solute, trans-stilbene. A careful comparison allows to
figure out some interesting conclusions on accessibility and precision of the experimental
data and reliability and accuracy of the conformational descriptions into these two kinds
of mesophases.

Keywords NMR spectroscopy; Dipolar Couplings; Stilbenoids; Liquid crystals; Con-
formational analysis; Orientational order

Introduction

Since the pioneering work of Saupe and Englert in 1963, [1] liquid crystals proved to be
very attractive media for NMR studies of solutes dissolved therein [2–4]. In these media,
the anisotropic part of the NMR interactions (chemical shift anisotropy, indirect spin-spin
coupling anisotropy, dipolar coupling, and quadrupolar splitting) becomes observable and
can give direct access to molecular properties. In particular, the analysis of order, structure
and conformational equilibrium of flexible molecules starting from experimental dipolar
couplings Dij gained much attention thanks to the plenty of applications and fields of interest
[2–5]. For this purpose, many different liquid crystalline phases have been explored, that
can be roughly divided depending on the degree of orientational order they induce to the
solute.

∗Address correspondence to Dr. Maria Enrica Di Pietro, Dipartimento di Chimica e Tecnologie
Chimiche, Università della Calabria, via P. Bucci, 87036, Arcavacata di Rende (CS), Italy. E-mail:
mariaenrica.dipietro@unical.it

Color versions of one or more of the figures in the article can be found online at
www.tandfonline.com/gmcl.
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40 M. E. Di Pietro et al.

Thermotropic liquid crystals (typically uniaxial nematics) induce a rather strong sta-
tistical alignment, with typical values of the solute’s orientational order parameters on the
order of 10−1–10−2 and Dij values from few Hz up to thousands of Hz [6]. Their use as
NMR solvents allows to obtain very accurate NMR spectral parameters, which lead to pre-
cise information on structure, orientation and conformational distribution [7–8]. The main
limitation is the complexity of the spectra, that are characterized by the presence of a very
high number of distinct transitions evenly dispersed over a few 104 Hz frequency range
and by strong second order spectral features. Such spectral complexity limited traditionally
their use to highly symmetric molecules with no more than 10 to 12 spins [9–15]. Several
strategies have been proposed to help in the spectral analysis and recently automated spec-
tral fitting routines gained some interest [16–17]. Nevertheless, there are severe limitations
since they require as a prerequisite a good starting set of parameters or a good estimation
of the solute’s orientational order.

Aiming at treating more complex molecules of lower symmetry, a wide range of
weakly ordering liquid crystalline media has been explored over the years [18–23]. Among
those soluble in organic solvents, the most popular are probably the chiral nematic phases
made of synthetic homopolypeptides, namely poly-γ -benzyl-L-glutamate (PBLG), poly-
γ -ethyl-L-glutamate (PELG), or poly-ε-carbobenzyloxy-L-lysine (PCBLL), dissolved in
helicogenic organic solvents [24–27]. Such ordered media were successfully used to de-
termine structural and relative configuration, to measure enantiomeric excesses, to discuss
reaction pathways and recently to investigate the conformational equilibrium of small drugs
[28–40]. In such phases the solute’s orientational order parameter is within the range 10−3

to 10−5 [6]. The advantageous consequence is that the orientation-dependent NMR inter-
actions are significantly reduced (the Dij values are of Hz or tens of Hz) so that the spectral
quality of high-resolution NMR spectra is generally retained. On the other hand, note that
only the largest dipolar interactions can be practically simply measured. For the spectral
edition of smaller couplings, (specifically) designed NMR experiments as J-resolved type
and E.COSY methods must be developed and used [28, 41–44]. However, the percentage
error measured on Dij with small magnitude is, for the same absolute error, generally greater
than in thermotropic spectra. These factors may compromise the level of precision in the
subsequent analysis.

From the above, it is clear why the choice between thermotropic and lyotropic liquid
crystals as NMR solvents for structural and conformational studies is currently mainly
driven by the size and symmetry of the target molecule. The balance between difficulty
in spectral analysis versus extent and precision/accuracy of the data set should be taken
into account: small symmetric molecules/spin systems are suitable for strong alignment in
thermotropic phases to give valuable long-range interactions and consequently a detailed
orientational analysis and an accurate structural and conformational elucidation; informa-
tion on more complex molecules with lower symmetry can be obtained by using weakly
ordering media in order to solve specific constitutional, configurational and/or conforma-
tional questions. In this work, we present for the first time a conformational and orientational
study of the same solute, trans-diphenylethene, commonly known as trans-stilbene (t-St),
in both a nematic highly ordering and a homopolypeptide lyotropic weakly ordering liquid
crystal. t-St is the simplest member of the stilbenoid family, including several natural and
synthetic compounds with multiple biological activities [45–55] and technological proper-
ties [56–59]. The symmetric structure and conformational distribution characterized by two
coupled rotations make t-St a suitable intermediate point for a parallel study in thermotropic
and lyotropic phases. In a previous work [10] we reported the experimental analysis of its
1H NMR spectrum in the thermotropic nematic liquid crystals ZLI1132 and we described
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Conformational and Orientational Determination from Dipolar Couplings 41

its conformational distribution. Here we present a similar study in a lyotropic liquid crystal
composed of PBLG dissolved in THF-d8 and we compare orientational and conformational
results from both phases. We present first a brief overview of the methodology, including
the basic theoretical tools required for the interpretation of NMR data. In both phases we
used the AP-DPD approach [60–61] that is well-tested for thermotropic systems but few
examples have been reported so far for weakly ordered samples [28, 62–63]. The strategy
is then applied to the case of t-St in the PBLG/THF-d8 phase and the conformational results
in the two phases are discussed. The final aim is to evaluate whether or not a reliable
conformational description can be obtained starting from a limited and less accurate set of
NMR data extracted for the weakly ordered sample. To complete the comparison, some
conclusions about the different orientational behavior in the two phases with a different
degree of order are also drawn.

Method

The structural, conformational and orientational analysis presented in this study requires
the knowledge of experimental NMR data, namely the observed dipolar couplings Dobs

ij

between the i-th and j-th magnetically active nuclei of the studied molecule. These Dobs
ij

are quantities partially averaged over all the relevant molecular motions (namely, internal
vibrations and rotations and whole reorientational motions). They depend on the spin-spin
distance and on the mean orientation of the internuclear vectors with respect to the external
magnetic field. As a consequence, they represent a valuable probe sensitive to the long-
range constraints of even spatially remote parts of molecules and can thus give insight into
the orientational behavior and conformational distribution of organic compounds. Within
some approximations, the Dobs

ij for a flexible molecule can be written as follows: [10, 28]

Dobs
ij ≈

(
3cos2ω − 1

2

)

× 2

3
· Ziso

Z

∫
Piso ({φ}) W ({φ})

∑
ζ ξ

Sζξ ({φ}) Dij,ζξ ({φ}) d{φ} (1)

where ω is the angle between the external magnetic field B0, defining the Z direction
in the laboratory frame, and n̂, the director of the mesophase; {φ} is the set of internal
angles defining the conformation. Z and Ziso are proper normalization constants. The
term Piso({φ}) defines the probability distribution of the solute in a “virtual” conventional
isotropic liquid sharing, at the experimental temperature, the same physical properties of
the liquid-crystalline solvent, with the exception of its ability to induce a solute ordering.
It must be stressed here that Piso({φ}) is actually the pertinent conformational target. The
Dij,ζξ ({φ}) are the Cartesian components, given in the molecular frame, of the Dij dipolar
coupling tensor between the i-th and the j -th nucleus. W ({φ}) can be written as follows:

W ({φ}) =
∫

exp [−Uext (β, γ, {φ}) /kBT ] × sinβdβdγ (2)

where kB is the Boltzmann constant and T the absolute temperature. Uext(β, γ, {φ}) is
the solute-solvent purely anisotropic orientational potential that contains the orientational-
conformational interdependency.
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42 M. E. Di Pietro et al.

Finally, the terms Sζξ ({φ}) are the conformationally dependent solute orientational
order parameters, constituting the real symmetric traceless Saupe ordering matrix, and they
can be expressed as: [64–65].

Sζξ ({φ}) = 1

W ({φ})
∫

3cosθζ cosθξ − δζξ

2
exp [−Uext (β, γ, {φ}) /kBT ] × sinβdβdγ

(3)
where cosθζ is the direction cosine of the director with the ζ molecular axis and δζξ is the
Kronecker delta function.

The main consequence of eq. (1) is that a theoretical model describing both the
conformation-orientation dependent anisotropic potential and Piso({φ}) must be adopted. In
this work, we used the so-called AP-DPD approach, a combination of the Additive Potential
model [60], for the treatment of the ordering interactions, with the Direct Probability
Description [61] of the torsional distribution Piso({φ}) (for an extensive theoretical treatment
see refs 10 and 11).

Within the AP model, the potential Uext(β, γ, {φ}) can be described by a spherical
harmonics expansion whose {φ}-dependent coefficients can be conveniently constructed as
a sum of {φ}-independent tensorial contributions ε

j

2,p from each rigid fragment j of the

molecule [66]. In practice, the ε
j

2,pare unknown quantities whose values are adjusted to

obtain the best agreement with the experimental data. As in ref. 10, three ε
j

2,p are required

for t-St: εR
2,0 and εR

2,2, for each ring, and εH6−C=C−H7
2,0 , for the vinyl group.

The DPD approach accounts for the torsional distribution and its strength is in mod-
elling the Piso({φ}) in terms of Gaussian functions. t-St possesses two internal rotational
degrees of freedom φ1 and φ2 (Fig. 1) that give two most stable conformations [10]: a
disrotatory, propeller-like conformation with C2 point group, where the rings are tilted at
the same angle with respect to the ene plane (φ1 = φ2) and a conrotatory conformation with
Ci point group, where the rings are parallel to each other (φ1 = − φ2).

The torsional probability distribution Piso(φ1, φ2) can be then directly modelled as
a sum of bidimensional Gaussian functions by using the following general form already
applied for t-St and 4,4’-dichloro-trans-stilbene: [9–10].

Piso (φ1, φ2) ∝
∑

over the different Cx− symmetry structures

ACx

nCx

·
nCx∑
k=1

exp

⎡
⎣−

⎛
⎝ sin2

(
φ1 − (

φmax
1

)k

Cx

)
2h2

1

+
sin2

(
φ2 − (

φmax
2

)k

Cx

)
2h2

2

⎞
⎠

⎤
⎦ (4)

where nCx
is the number of rotamers belonging to the Cx point group and ACx

is the global
relative weight of the Cx structures (so that

∑
(over all the Cx ) ACx

= 1). (φmax
i )kCx

represents,
for the i-th torsion, the twist angle corresponding to the k-th of the the nCx

most probable
conformations with Cx symmetry. Finally, h1and h2 give the width at half maximum height
along each dimension of the bidimensional Gaussians.

The practical application of this theoretical apparatus for the determination of the
conformational distribution and orientational order is performed through a dedicated home-
made software called AnCon [67]. Once fixed the molecular geometry, the calculations are
carried out by fitting the set of independent Dobs

ij against a set of calculated dipolar couplings,
while iterating on a pertinent number of unknowns. Such unknowns can be: orientational
parameters, represented by the set of ε

j

2,p; conformational parameters, represented by the

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
5:

33
 0

2 
Ja

nu
ar

y 
20

16
 



Conformational and Orientational Determination from Dipolar Couplings 43

Figure 1. (a) Topological structure, numbering and torsional angles and (b) minimum energy con-
formers with corresponding point groups of trans-stilbene (t-St).

terms ACx
, (φmax

i )kCx
and hi of eq. (4); geometrical parameters. At the end of the convergent

process, the back-calculated values of the dipolar couplings, Dcalc
ij , are compared to the

experimental ones, until the smallest value for the RMS (root mean square) error is obtained

(RMS = {M−1 ∑
i<j [Dobs

ij − Dcalc
ij ]2} 1

2 , M being the number of independent couplings)
and a good agreement between Dobs

ij and Dcalc
ij is reached.

NMR Spectral Analysis of trans-Stilbene in PBLG/THF-d8

Experimentally speaking, what is directly measured from the anisotropic spectra is the
total coupling constant, defined as |T obs

ij | = |J iso
ij + 2Dobs

ij | (for i and j non-equivalent
nuclei, neglecting as usually the anisotropy of indirect coupling [68–69]). Hence, in order
to edit the target Dobs

ij , one has to measure the set of scalar couplings J obs
ij from the NMR

spectra of the isotropic sample and the set of total couplings T obs
ij from the spectra of the

anisotropic sample. The set of Dobs
ij is then given by Dobs

ij = [±T obs
ij − (±J iso

ij )]/2. For t-St
we prepared (a) an isotropic sample by diluting t-St (36.2 mg) in THF-d8 (665.5 mg) and
(b) an anisotropic sample by dissolving t-St (47.2 mg) in a chiral nematic liquid-crystalline
(LC) phase made of PBLG (92.5 mg, DP = 743) dissolved in THF-d8 (483.6 mg), using
standard procedure described in literature [26]. The resulting o.d. 5 mm NMR tube was
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44 M. E. Di Pietro et al.

centrifuged back and forth until an optically homogeneous birefringent phase was obtained.
t-St and PBLG were purchased from Sigma Aldrich, while THF-d8 from Eurisotop. All the
chemical compounds were used without further purification. To edit a set of experimental
dipolar couplings as large as possible, multiple homo- and heteronuclear experiments were
carried out on both samples. All spectra were recorded at 298 K on a liquid high-resolution
Bruker Avance 500 MHz spectrometer (11.74 T) equipped with a TBO probe and a standard
variable-temperature unit BVT-3000. Spectral assignment of the peaks was performed by
1D 1H, 13C, 13C-{1H} spectra and 2D 1H-1H COSY, 1H-13C HSQC and HMBC correlation
experiments, while homo- and heteronuclear J-resolved and SERF [70] experiments were
used to extract 1H-1H and 1H-13C scalar and total couplings. Unfortunately, spectra were not
well resolved and the superposition of signals from three of the four chemically equivalent
protons (see the 1D 1H broadband spectrum in Fig. 2a) made it complicated to accurately
measure and unambiguously assign the observed couplings. However, some tricks were
exploited and, as an example, Fig. 2 reports the 1H-1H J-resolved spectrum (b) and the
SERF-like spectrum resulting from the application of a semi-selective pulse selecting
meta, para and ethylenic protons and excluding ortho protons (c). Signal from H3 gives a
triplet of triplets in the J-resolved spectrum, from which two couplings can be measured.
A simple conclusion is these total couplings correspond to H2 H3 and H1 H3, that are
the nearest nuclear pairs. Looking at the SERF spectrum, where only couplings between
H3, H2 and H7 should be present (H1 is the only proton having chemical shift far enough
from the others to be excluded from the semi-selective pulse) a similar spectral pattern is
observed for H3. This means that the total coupling T13 is not observed and H3 is coupled
to H6 and H7 with a similar coupling constant. To be sure that H3, H2 and H7 have been
exclusively selected by the soft pulse, consider that (i) no signal at 7.56 ppm (the resonance
frequency of H1) is present in the SERF 2D spectrum, and (ii) F2 projection after tilt gives
for H2 a singlet in the J-resolved spectrum (all couplings appear in the F1 dimension) and a
doublet in the SERF spectrum (after tilt of the 2D map, couplings among selected protons
appear only in the F1 dimension, while coupling with H1 is refocused and appears in the
direct dimension).

Finally, 13 independent Dobs
ij (6 DHH and 7 DCH) were collected, and in particular 7 for

the phenyl ring, 2 for the ene group and 4 between each ring and the ene group (Table 1).
It is worth noting that the number of dipolar couplings extracted for this sample is lower
than the set of DHH set extracted from a single 1D 1H spectrum in the thermotropic nematic
phase ZLI1132 (19 independent values and in particular 6 between each ring and the
central ene group and 6 between the two rings) [10]. From the experimental viewpoint, the
presence of elements of symmetry in the spin system represents a big advantage for highly
ordering systems, since they simplify the spectrum. Contrarily, when the same solute is
dissolved in weakly aligning media, molecular symmetry induce a reduction in the number
of independent couplings one can hope to obtain.

Conformational Results for trans-Stilbene in PBLG/THF-d8 and
Comparison with ZLI1132

Even though not very extended, the set of experimental Dobs
ij extracted for t-St dissolved in

PBLG/THF-d8 allows a conformational analysis through the software AnCon. The purpose
here is not merely the description of the potential surface and the determination of the low-
est energy conformers, but also the comparison with results obtained in the ZLI1132 liquid
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Conformational and Orientational Determination from Dipolar Couplings 45

Figure 2. (a) 1D 1H broadband excitation spectrum recorded on trans-stilbene in PBLG/THF-d8

at 298 K. (b) Tilted 1H-1H J-resolved spectrum recorded on the same sample in 6 h using a data
matrix of 2048 (t2) × 256 (t1) with 24 scans per t1 increment. The relaxation delays were 1s. Data
were processed using zero-filling up to 4096 (t2) x 1024 (t1) points and a sine filter in t1. (c) Tilted
SERF spectrum resulting from the application of semi-selective E-BURP excitation and RE-BURP
refocusing pulses on the proton channel at υ2,3,7, with duration of 29.1 ms, corresponding to a
frequency width of 170 Hz. Spectrum was recorded in 6 h using a data matrix of 2048 (t2) × 256 (t1)
with 24 scans per t1 increment. The relaxation delays were 1s. Data were processed using zero-filling
up to 1024 points and a sine filter in t1. Columns extractions corresponding to H3 for both J-resolved
and SERF spectra are also shown.
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46 M. E. Di Pietro et al.

Table 1. Experimental dipolar couplings Dobs PBLG
ij and AP-DPD calculated Dcalc PBLG

ij for
the sample t-St/PBLG/THF-d8. The Dobs ZLI

ij determined from the analysis of 1H NMR
spectrum of trans-stilbene in ZLI1132 and the corresponding Dcalc ZLI

ij are also shown for
comparison (adapted with permission from ref 10. Copyright 2012 American Chemical
Society). Good agreement between AP-DPD-calculated and observed dipolar couplings

implies a small RMS value

Dobs PBLG
ij

(a) Dcalc PBLG
ij

(b) Dobs ZLI
ij

(c) Dcalc ZLI
ij

(b)

i, j (Hz) (Hz) (Hz) (Hz)

H H couplings
H1,H2 −4004.33 ± 0.03 −4004.85
H1,H3 −507.48 ± 0.06 −507.37
H1,H4 −1.48 ± 0.04 −0.69
H1,H5 247.46 ± 0.08 246.73
H1,H6 −2462.52 ± 0.08 −2462.51
H1,H7 −1732.91 ± 0.07 −1732.84
H1,H8 −397.17 ± 0.05 −399.16
H1,H9 −140.41 ± 0.04 −138.98
H1,H10 −104.60 ± 0.06 −103.64
H2,H3 9.7 ± 0.4 9.1 −20.45 ± 0.06 −19.85
H2,H4 246.98 ± 0.08 248.33
H2,H6 −1.4 ± 0.4 −1.2 −380.11 ± 0.09 −376.75
H2,H7 −1.4 ± 0.4 −0.9 −364.85 ± 0.09 −364.74
H2,H9 −64.74 ± 0.06 −63.36
H2,H10 −50.75 ± 0.06 −49.68
H3,H6 −1.1 ± 0.4 −1.0 −254.36 ± 0.14 −256.08
H3,H7 −1.1 ± 0.4 −0.7 −271.60 ± 0.14 −270.23
H3,H10 −39.58 ± 0.08 −39.82
H6,H7 681.36 ± 0.10 676.55

C H couplings
C6,H8 1.4 ± 0.6 1.1
C6,H7 4.3 ± 0.7 4.4
C6,H6 48.0 ± 0.4 48.1
C13,H1 6.8 ± 0.7 6.2
C5,H1 1.5 ± 0.7 1.5
C5,H5 27.5 ± 0.6 27.8
C4,H2 1.4 ± 0.2 1.4
C4,H4 27.4 ± 0.2 27.3
C3,H1 −0.1 ± 0.6 −0.1
C3,H3 −37.2 ± 0.6 −37.3
RMS 0.35 Hz 1.67 Hz

(a) calculated from Dobs
ij = [±T PBLG

ij − (±J iso
ij )]/2.

(b) calculated via the AP-DPD method by using the software AnCon.
(c) extracted by using the software ARCANA (see ref 10).
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Conformational and Orientational Determination from Dipolar Couplings 47

Table 2. Values of the iteration parameters used in the conformational analysis with the
AP-DPD approach of the t-St molecule dissolved in ZLI1132 and PBLG/THF-d8. Adapted

with permission from ref 10. Copyright 2012 American Chemical Society

t-St in ZLI1132 t-St in PBLG/THF-d8

φmax
1 = ±φmax

2 (degree) 16.80 ± 0.02 16.80 (a)

AC2 0.59 ± 0.01 0.59 (a)

h1 = h2 (degree) 10 (after parametrization) 10 (a)

εR
2,0 (RT) 1.349 ± 0.002 0.00388 ± 0.00003

εR
2,2 (RT) 0.650 ± 0.001 −0.00582 ± 0.00005

εH6−C=C−H7
2,0 (RT) 0.473 ± 0.006 0.00568 ± 0.00014

RMS (Hz) 1.67 0.35

(a) parameters fixed from conformational analysis in ZLI1132.

crystal. In the previous work [10], the set of 19 independent Dobs ZLI
ij was fitted while iterat-

ing simultaneously on the interaction tensors εR
2,0, εR

2,2 and εH6−C=C−H7
2,0 , the conformational

terms φmax
1 = ±φmax

2 , h1 = h2 and AC2 = 1 − ACi
, and the geometrical parameters of the

ene group, until an acceptable RMS of 1.67 Hz. The single Dcalc ZLI
ij calculated by this

approach are reported for comparison in the last column of Table 1, whereas the optimised
values of the orientational and conformational terms are shown in Table 2. The surface
Piso(φ1, φ2) resulting from this procedure is characterized by four symmetry related max-
ima of the probability function, corresponding to the C2 (absolute maxima) and Ci (relative
maxima) structures having, respectively, φmax

1 = φmax
2 and φmax

1 = −φmax
2 , with φmax

1 =
16.8◦ (Fig. 3). Hence, a first test is to verify whether or not the probability distribution

Figure 3. Experimental probability distribution Piso(φ1, φ2) for t-St dissolved in the nematic solvent
ZLI1132 at 298 K. Reprinted with permission from ref 10. Copyright 2012 American Chemical
Society.
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Figure 4. Observed versus theoretical dipolar couplings obtained for the t-St molecule dissolved in
PBLG/THF-d8, respectively from NMR experiments and by the AP-DPD approach.

obtained from the AP-DPD conformational analysis of t-St/ZLI1132 is still consistent with
experimental data obtained for the same molecule in PBLG phase. Therefore, fixing the
molecular geometry previously adjusted in ZLI1132 and keeping the terms φmax

1 = ±φmax
2 ,

h1 = h2 and AC2 = 1 − ACi
fixed at their optimized values for t-St/ZLI1132, the εR

2,0, εR
2,2

and εH6−C=C−H7
2,0 interaction tensor parameters were varied until the RMS error reached

an acceptable value. As it can be appreciated in Fig. 4, the optimised values (Table 2)
gave a good reproduction of Dobs PBLG

ij with a low RMS of 0.35 Hz. The dipolar couplings
Dcalc PBLG

ij calculated by this approach are reported, for comparison, in the third column of
Table 1.

Figure 5. RMS value calculated for t-St in PBLG/THF-d8 by the AP-DPD approach as a function
of the torsion angles φmax

1 = ±φmax
2 , while fixing the relative weight AC2 at different values in the

range 0.2–0.8 and h1 = 10◦. The connecting lines are drawn as eye-guide.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
5:

33
 0

2 
Ja

nu
ar

y 
20

16
 



Conformational and Orientational Determination from Dipolar Couplings 49

The consistence of data in the thermotropic nematic and homopolypeptide lyotropic
phases is a first satisfactory outcome. To further verify the meaningfulness of the experi-
mental data collected in PBLG phase and to reach, if possible, a lower RMS, both conforma-
tional and orientational parameters have to be varied. Due to the small number of Dobs PBLG

ij

and/or their small values, it is mathematically unadvisable to iterate simultaneously on all
the unknowns, in order to avoid false RMS minima. Hence, we parametrically changed the
conformational terms, one by one, while iterating on εR

2,0, εR
2,2 and εH6−C=C−H7

2,0 , and we
followed the trend of the RMS target function. Figure 5 shows the RMS trend obtained by
varying the torsion angle φmax

1 = ±φmax
2 from −40◦ to 40◦ for 7 different values of the

relative weight AC2 . The first evident feature is that all curves are basically flat between
−20◦ and +20◦, whereas values of |φmax

1 | > 20◦ do not reproduce adequately the Dobs PBLG
ij

and can be then immediately rejected. Some more details can be obtained by looking at
the inset. For all curves, with the decrease of φmax

1 the RMS error decreases, reaches a
minimum and then increases again to a fixed value of 0.40 at φmax

1 = 0◦, corresponding to
the full planar C2h symmetry structure. Among all the sampled points, the best fit of the
experimental data with an acceptably low RMS is obtained for 0.4 ≤ AC2 ≤ 0.6 and 10◦ ≤
φmax

1 = ±φmax
2 ≤ 20◦ (fixing h1 = h2 = 10◦). This means that: (i) an equilibrium between

the two couples of conformers has to be considered in order to reproduce the experimental
data set with a low RMS, i.e. neither the couple of C2 conformers nor that of Ci nor the
single C2h structure is sufficient alone to fit the Dobs

ij ; (ii) situations with 0.4 ≤ AC2 ≤
0.6 and 10◦ ≤ φmax

1 ≤ 20◦ cannot be practically distinguished, since in these ranges not
only RMS is acceptable but also the difference between each inter-ring Dobs PBLG

ij and its
corresponding Dcalc PBLG

ij is lower than 0.5.
Overall, the conformational analysis we performed on the sample t-St/PBLG/THF-d8

does not individuate precise values for the twist angle of the most probable conformations
and for their relative weight, but some restricted ranges are unambiguously determined.
Such intervals are in perfect agreement with the conformational distribution obtained in
ZLI1132. Therefore, it can be reasonably said that, when treatment in a thermotropic
uniaxial solvent is not a viable way to obtain conformational information, the use of PBLG
phases as alternative solvent can, together with the AP-DPD approach, yield meaningful
results.

Orientational Results for trans-Stilbene in PBLG/THF-d8 and Comparison
with ZLI1132

Another point of this work deserves to be discussed in detail: analogies and differences
between the orientational order experienced by trans-stilbene dissolved in ZLI1132 and
in PBLG. Table 3 sums up the orientational order parameters found for t-St in the two
phases (see Fig. 6 for the definition of the molecular axes). From them some interesting
and somehow unexpected results can be deduced. Of course, t-St in ZLI1132 is much
more ordered than in PBLG, so a direct comparison of the order parameters in terms of
their values is inopportune and could be misleading. Nonetheless, looking at Table 3, we
realize quite immediately that the two systems show common orientational features beside
large differences, probably due to different orientational mechanisms experienced by the
same probe-molecule in the two different media. First of all, it can be observed that the
location of the PAS (Principal Axis System) for the Saupe matrix is roughly the same in
two treated cases (Fig. 6): both the PAS’s are reached by a simple rotation of the original
{x, y, z} molecular frame (where the vinyl group lies in the xz plane - with z along the
double bond - and y is perpendicular to this plane, with its positive direction defined by
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Table 3. Orientational order parameters found for t-St in ZLI1132 and PBLG/THF-d8

mixture

t-St in ZLI1132 (a) t-St in PBLG/THF-d8
(b)

Saa 0.525 0.0019
Sbb − Scc 0.174 −0.0024
Sbb −0.176 −0.0021
Scc −0.350 0.0003
η (degree) 44.92 37.45

(a) Order parameters from ref. 10 for the C2 conformer given in the PAS of the Saupe matrix for
this conformation. The order parameters of the Ci conformer in the same molecular frame turned out
to be essentially the same.

(b) Averaged order parameters for the C2 and Ci conformers given in the PAS of the averaged Saupe
matrix.

the right-handed rule) exclusively around y (i.e. a rotation on the xz plane) of an angle η,
which is basically quite similar in the two cases (∼37.5◦ for t-St/PBLG/THF-d8 vs ∼45◦

for t-St/ZLI1132) and that leads the new z axis (now called a in the PAS) roughly along the
long molecular axis. Looking at Table 3, we observe that the Saa for both the situations has
a positive value, then indicating a certain tendency of the long molecular axis to align along
the director. However, the trend is different for the two other axes. For t-St in ZLI1132,

Figure 6. Definition of the original {x, y, z} molecular frame and the {a, b, c} molecular frame
locating the principal axis system of the S matrix. The {a, b, c} frame is obtained by an integral
rotation of the {x, y, z} frame of the angle η around y. The y and c axes, perpendicular to the (xz)
and (ab) planes where the vinyl group lies, define right-handed Cartesian systems.
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the quite high negative value of Scc (−0.350) suggests a strong tendency of the c axis to
be statistically oriented perpendicularly to the director, twice as much as the b axis (Sbb =
−0.176). For t-St in the PBLG mesophase, on the contrary, there is a different statistical
alignment of the axes b and c with respect to the director: the highest order parameter (in
magnitude) is Sbb and it is negative, indicating a tendency of the b axis to be statistically
oriented perpendicularly to the director. The very small value of Scc means that c axis (very
“rigidly” oriented of t-St/ZLI1132) randomly samples about all the possible orientations
with about the same probability. This demonstrates that the short-range interactions, by now
commonly recognized as the dominant orientational mechanism [2, 71–74] are substantially
different for the two phases. In PBLG phase, in particular, the Scc

∼= 0 seems to indicate
intuitively that the molecular tumbling about the a and b axes should be rather free (or at
least less hindered), which is not the case in ZLI1132 nematic liquid crystal phase.

Conclusions

A comparative study of the conformational equilibrium and orientational order of trans-
stilbene has been carried out for the first time by NMR spectroscopy in the weakly ordering
phase made of PBLG dissolved in THF-d8 and the highly ordering nematic ZLI1132 liquid
crystal.

In both phases the AP-DPD treatment leads to a torsional surface characterized by
four more stable symmetry-related conformations, that is a couple of global minima, where
the molecule exhibits a propeller-like C2 symmetry, and a couple of Ci local minima,
where the rings are conrotated of the same angle. Data in thermotropic phase clearly
individuate minimum conformers existing at φmax

1 = φmax
2 (relative percentage of 59%)

and φmax
1 = −φmax

2 (relative percentage of 41%), with φmax
1 = 16.8◦. In PBLG phase,

due to the overlap of signals and/or symmetry of the structure, a reduced number of
small residual dipolar couplings can be collected. This set individuates limited ranges
where conformers are more probably confined, 10◦ ≤ φmax

1 = ±φmax
2 ≤ 20◦ and 0.4 ≤

AC2 ≤ 0.6. The consistence between outcomes from the two mesophases testifies that
conformational information derived from a weakly ordered sample is less accurate but
reliable in individuating restricted intervals that contain the minimum energy conformers.
This encourages the application of NMR in PBLG phase to the conformational study of
more complex flexible molecules that are impossible to treat in a thermotropic phase and
very difficult to study in solution by other techniques.

We also addressed the evaluation and relative comparison of the ordering features of
the solute in the two phases. A naı̈ve physical interpretation of the single principal order pa-
rameters intuitively suggests that the orientational interactions between the solute (roughly
conceived as a “molecular platelet”) and the PBLG or ZLI1132 mesophase molecules are
basically different, particularly in the preferred geometry of the interactions.

Funding

The present work has been supported by the “L’Oréal Italia per le Donne e la Scienza”
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