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Abstract

The NMR spectra of the 13C isomers of acetylenented in two nematic liquid crystals (EBBA
and Phase IV) have been analyzed in order to deterthe distance ratios and the shrinkage
effects. In the case of the EBBA samples, the tesagree with the IR data except for a small
discrepancy in the distance ratios. In the PhasesdWples, we have found an unusually strong
temperature dependence of the direct coupling eatsand of the corresponding apparent distance
ratios. In this case the discrepancies between NI IR are as large as 30%. We interpret this
phenomenon on the basis of a two-site theory. dhewing assumptions have to be made in order
to explain the apparent anomalies: (i) the enthalifference between the two sites is 200-400
cal/mol, (ii) the orientation parameters at the sites have opposite signs, and (iii) at the site w
the lower energy (complex ?) the ratigy/rcc is smaller by 0.5-1%. It is interesting that such
modest conditions can lead, if neglected, to a &dfr in the distance ratios. With regard to this
fact, it is probable that similar effects are nocemmon.
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The NMR spectra of the '*C isomers of acetylene oriented in two nematic liquid
crystals (EBBA and Phase IV) have been analyzed in order to determine the distance
ratios and the shrinkage effects. In the case of the EBBA samples, the results agree
with the IR data except for a small discrepancy in the distance ratios. In the Phase
IV samples, we have found an unusually strong temperature dependence of the direct
coupling constants and of the corresponding apparent distance ratios. In this case
the discrepancies between NMR and IR are as large as 30%,. We interpret this
phenomenon on the basis of a two-site theory. The following assumptions have
to be made in order to explain the apparent anomalies: (i) the enthalpy difference
between the two sites is 200—400 cal/mole, (ii) the orientation parameters at the two
sites have opposite signs, and (iii) at the site with the lower energy (complex?) the
ratio reufrcc is smaller by 0.5-19,. It is interesting that such modest conditions
can lead, if neglected, to a 309 error in the distance ratios. With regard to this
fact, it is probable that similar effects are not uncommon.

INTRODUCTION

The first analysis of the NMR spectra of the '*C isomers of acetylene oriented in
nematic liquid crystals has been published by Spiesecke (/). Unfortunately, this
analysis is not quite correct since the evaluation of the vibrational corrections was
carried out with no attention being paid to the anharmonic terms and to the effect
of the bending motions. In the light of a recent paper (2) on the vibrationally averaged
molecular structure, we are convinced that these terms are not negligible. We have
taken a number of acetylene spectra and reanalyzed them in order to determine the
correct shrinkage effects. In the course of this study we have encountered a new
phenomenon which may prove to be more important than the effects we proposed to
study originally. This is the discovery that, under suitable conditions, even rather
weak specific interactions may lead to large errors in the conventionally determined
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distance ratios. We have been alerted to this problem by a dramatic temperature
dependence of the apparent distance ratios in one of the liquid crystals.

EXPERIMENTAL

The 607, enriched '*C-acetylene was obtained commercially from Merck, Sharp,
and Dohme. The liquid crystals used were EBBA [N-(p-ethoxybenzylidene)-p'-n-
butylaniline] and the Phase IV obtained from Merck. The samples contained acetylene
solutions in equilibrium with acetylene gas at pressures of 7-10 atm.

The spectrometers used in this study were the Varian HA-60 (operating frequency
56.4 MHz) and the Bruker HX-90 Fourier transform machine operating at 90 MHz
for protons and at 15 MHz for '*C. The spectra were recorded at temperatures
ranging from 18 to 90°C; the precision of the temperature measurements was about
+0.5°C.

ANALYSIS OF THE SPECTRA

The spectra of acetylene-1-'*C and acetylene-1,2-'3C can be easily interpreted since
there are recognizable subspectra (3) of the types A, and AB in the A and X parts of
the AA"X and AA"XX" spectra of the two molecules. A final refinement of the para-
meters has been made by means of the LAOCOONOR program (4).

Where possible, the indirect couplings have been also determined from the iterative
analysis and their values have been checked in an isotropic solution of acetylene in
Phase IV at 90°C. The results of the spectral analysis are summarized in Table 1.

THE VIBRATIONAL CORRECTION, THE SHRINKAGE EFFECTS, AND THE
EFFECTIVE STRUCTURE

Let us first see the ratios of the effective distances r, (the subscript d indicates
“obtained from the direct coupling™) as determined from the standard formula

D,;=—(hy, }’j.ﬁr"f’l’z)sf-" i [1]

where i and j specify the nuclear pair, § is the orientation parameter, and y; is the
gyromagnetic ratio for the ith nucleus.

In our case, since S is common for all pairs of the nuclei involved, the distance
ratios can be calculated directly from the ratios of the corresponding D values.
The results for the particular case of (rcy/rec)s are given in Table 2. Surprisingly, the
distance ratios determined in this way from the Phase 1V spectra depend strongly on
the temperature (the total variation is about 24 9/!). We will defer the discussion of this
effect to the next section and concentrate on the results obtained from the EBBA
spectra.

Before we try to compare our results with the infrared data, we must correct them
for the effect of vibrations. Proceeding along the lines outlined in Ref. (2), we put

ra=r.+ K, [2]
where r, =r, + {4z), r, being the equilibrium distance, and, for acetylene,
K= ({4x?) + {dy*) =2 {4z%))|r,, [3]

where Ax, Ay, and Az are the x, y, and z components of the vibrational amplitudes,
respectively. The coordinate axes have been chosen in such a way that the z-axis



























