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The solvent effects on the structure of partially oriented thiophene are studied in 7
different liquid crystal solvents. In an analysis of the combined data considering cor-
related molecular deformation, interaction parameters are determined and a unique
solvent independent structure is found which agrees well with MW-results. The in-
teraction parameters allew an assignment of the contributions to the degree of order
to parts of the molecule, i.e. to the C—H bonds and to the carbon-sulfur ring.

Keywords: NMR, molecular structure, orienting forces, molecular
deformation

. INTRODUCTION

The structure of thiophene has been previously determined by NMR
of partially oriented molecules in several different liquid crystal sol-
vents as well as in solvent mixtures.!? Unusually large solvent effects
of the order of 7% in distance ratios and 2.1° in angles were observed.
Also the use of a so called “ideal solvent” was suggested in order to
minimize solvent effects.” In the present publication we have used
different solvents and have determined the structures corrected for
harmonic vibrations. Again very large solvent effects are detected.
In a second approach the theory of correlated molecular deformation?
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is used to correct the data and to determine a unique solvent inde-
pendent r -structure. This theory assumes, that the liquid crystal in-
teracts with the solute by applying torques to the bonds which orient
the molecule but simultaneously distort it. The torques are charac-
terized by the anisotropy AA and the asymmetry v of the mean field
interaction tensors. These parameters are determined iteratively to-
gether with the solute structure. They allow to interpret the molecular
degrees of order in terms of contributions of parts of the molecule.

2. EXPERIMENTAL

Thiophene was dissolved in seven different liquid crystals as sum-
marized in Table I. The 'H-spectra with *C-satellites were recorded
on a Bruker WH90DS FT-spectrometer and analyzed with the pro-
gram LEQUOR.* In the analysis the indirect couplings were used
from the literature.’ The numbering of nuclei is shown on Figure 1.
The resulting direct couplings are presented in Table II.

In a first analysis the data of the individual solvents were corrected
for harmonic vibration on the basis of a force field from the literature?®
and the structures determined by the program SHAPE.” The resulting
data are shown in Table III.

In a second run the direct couplings of all the solvents were cor-
rected also for the correlated deformation and fitted in a combined
analysis. The experimental errors of direct couplings were increased
by 0.2 Hz in order to consider the approximations introduced by the
theory of correlated deformation. The final r,-structure is presented
and compared with MW-results in Table 1V.

S
H1 c5 cs H4
Cé C7
H2 H3

FIGURE 1 Numbering of the nuclei of thiophene and definition of the coordinate
axes.
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TABLE IV

Resulting structure of thiophene from the combined analysis of the seven
experiments corrected for correlated deformation compared with MW-results (Sec
Ref. 9). Distance ratios and angles (in degrees).

r(12)/r(23)  r(14)r(23)  r(15)/r(23) r(26)ir(23)  r(56)/r(23) r(67)ir(23)

NMR 0.9964(9)  1.7236(11) 0.4087(6)  0.4084(4)  0.5197(5)  0.5404(3)
MW 1.000(5)  1.715(7)  0.408(1)  0.409(1)  0.5192)  0.539(3)

<(156) <(267) <(567)

NMR 128.07(8)  124.24(4)  112.41(5)
MW 128.68(81) 124.28(7)  112.45(18)

Table V summarizes the interaction parameters for the C—H bonds
and the ring part of the molecule as well as the degrees of order (see
the discussion).

3. DISCUSSION

STRUCTURE

The results shown in Table 111 display very pronounced solvent effects
with a maximum of 7% in r(56)/r(23). The effects are particularly
large in the liquid crystals ZLI 1695, 1167 and 1083 as well as in
EBBA. After the correction for the correlated deformation the sol-
vent-effects disappear. Consequently all the solvent effects must be
caused by the neglect of correlated deformation. The question, why
this neglect leads to particularly large effects in some solvents, re-
mains to be answered. A detailed study revealed, that in EBBA by
coincidence the direction of the C—H bond (15) has a very small
degree of order, so that the correlation contribution is 50% of the
equilibrium direct coupling. The extreme deviations in the ZL1 sol-
vents have a more complex origin. They have to do with the particular
mathematical interdependence of direct coupling ratios and distance
ratios in systems of four spins with C,, symmetry.® For such systems
the following relation is valid:

(D12/D23)(r12,/r23)5 — (D/Dy3) [(D?_3/D14)”3 + (rfrys)P?

+ (D/Dyg)*? 0 ie. (1)

|
o

o xS — By + X2+ y=

2)
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For a fixed molecular geometry (x and <y constant), by choosing
different liquid crystals, we measure D-ratios («,8) which define a
straight line in the o,3-plane. If we vary the geometry we find different
straight lines which all have a common envelope given by:

B=(y+a ) (3)
For points on the envelope the following relations are valid:
a=xandB = (y + x*3)~¥ @

corresponding to §,, = S,,.

If we have used a liquid crystal solvent which by coincidence orients
the molecule with §, ~ S, the structure becomes particularly sensitive
to small changes in the direct couplings. Generally the tangent of the
envelope changes its direction most drastically if the point (o) moves
out of the envelope, whereas the same movements i.e. variation in
the D-ratio at a point far from the envelope leaves the tangent di-
rection, i.e. the distance ratio practically invariant.

Also in the ZLI liquid crystals the solvent effects are due to the
neglect of correlated molecular distortion (maximum 3% of the direct
couplings) but here, the ampilification of the error (maximum 7% in
a distance ratio) is not due to the small degree of order but to the
similarity of the degrees of order independent of their size.

The final r,-structure shown in Table 1V agrees well with MW-
results. Its precision is approximately 5 times higher than the one of
the MW-data.

Interaction, Degree of order

The carbon-proton structure of thiophene is defined by 6 coordinates
with respect to a fixed basis (r(23)). The degree of order depends
upon the interaction of 5 different bond-types with the liquid crystal
mean field. In principle we have 10 interaction parameters for each
of the 7 liquid crystals. Therefore in the iterative fit there are 76
unknown parameters to be determined from the 84 measured direct
couplings. With the possible interdependence of parameters the sys-
tem is practically underdetermined. In particular, if certain parts or
bonds of the molecule are only very slightly deformed, they contribute
exclusively to the degree of order, i.e. there are only two measured
parameters (degrees of order) for the determination of their inter-
action with the solvent. In thiophene it can be shown, that the carbon-
sulfur ring part is in fact much more rigid than the C—H bonds. An
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analysis without ring-deformation gives virtually identical results.
Consequently the interaction parameters of individual C—C and C—S§
bonds cannot be measured. The ring must be characterized by a
virtual bond parallel to the bond C6—C7 with the two parameters
AA = A, — (172)(A,, + A,))andnq = (A,, — A,,)/A,,. On the
contrary the two AA’s for the different C—H bonds are easily ob-
tained.

The measured interaction parameters shown in Table V for the
first time allow to assign order contributions to the individual parts
of the molecule.

For a planar molecule the segment n makes the following contri-
butions to the molecular interaction tensor, i.e. the orientation?:

A, = AA, [(2/3) = (1 — m,/3) sin®6,]
A = AA, [(2/3) = (1 — m,/3) cos®6,]
Az, = —(I/3)AA, (1 + m,)

A7, = (1/2)AA, (1 — x,/3) sin26,

AL = Aj, =0

Here the z-axis is perpendicular to the plane and 0, is the angle
between the bond axis and the molecular x-axis.

If we consider the solvents ZLI 1695, HAB (nematic) and EBBA;
we see, that the C—H contributions to the degree of order of the
C,-axis are either small (HAB) or compensate each other so that the
decrease from ZLI 1695 to EBBA is caused mainly by the ring con-
tribution.

In the perpendicular direction we have different sitnations in all
the three solvents: In ZLI 1695 the ring contribution is small so that
the C—H contribution dominates. In HAB the ring contribution
dominates because the C—H contributions are small and in EBBA
the interactions are similar but of opposite sign so that we observe a
change of sign in the degree of order.

CONCLUSIONS

The fact that the very large solvent effects on the structure of thio-
phene disappear, if the data are corrected for the correlated molecular
deformation, again confirms the merit and necessity of this correction.
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The study has shown, that in larger spin systems parts of the mol-
ecule (e.g. carbon-carbon or carbon-sulfur rings) may be practically
undistorted. For these parts the determination of individual bond
interaction parameters is not possible, but a virtual bond representing
the sums of the interactions must be introduced.

The discussion of the orientation of thiophene in terms of the
interaction parameters demonstrates how complicated and difficult
to predict the build up of order parameters from contributions of
parts of the molecules must be in general.
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