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ZLI-1167 is a ternary mixture of nematic liquid 

crystals with negative diamagnetic anisotropy. It has, 

therefore, been used as a solvent where the spinning of the 

samples around the vertical axis in the conventional electro- 

magnets without destroying the orientation of the dissolved 

molecules is possible in NMR experiments. This results in 

sharp lines with widths up to 1 Hz in the spectra. ' 9 '  

NMR system using a superconducting magnet (where t he  magnetic 

field direction is along the axis of spinning of the sample), 

it is possible to use even the nematic liquid crystals with 

positive diamagnetic anisotropy such as N-(p'-methoxybenzylidene) 

-p-n-butylaniline (MBBA) or N- (p ' -ethoxybenzylidene) -p-n- 
butylaniline (EBBA) to obtain the spectra with sample spinning 

with equally sharp lines.3 The orientational behaviour of the 

dissolved molecules as a function of  relative concentrations 

of the two solvents is investigated and the results are repor- 

ted in the present communication. 

In an 
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14 C. L. KHETRAPAL and A. C. KUNWAR 

Proton NMR spectra of acetonitrile, benzene and 2,1,3- 

benzoselenadiazole were studied on a Bruker WH-270 FT-NMR 
spectrometer at 21 C. One hundred free induction decays were 

accumulated in each case and Fourier transformed with the help 
of a 20K core memory BNC-12 computer. Nearly 3 weight per cent 

solutions of acetonitrile, benzene and 2,1,3-benzoselenadiazole 
in EBBA and ZLI-1167 were first studied. Known amounts of the 
solution in EBBA (I) was then added to the solution in ZLI-1167 

(11) and the spectra recorded. The concentration of (I) was 
gradually increased and the spectra were obtained at each con- 

centration. 

were analysed iteratively with the help of the LAOCOONOR pro- 

gramme .4 

( V .  - Y.),  the direct (D. .) and the indirect (J. .) coupling con- 
stants between nuclei i and j for 2,1,3-benzoselenadiazole are 
reported in table 1. A typical plot of the dipolar coupling 

0 

The spectra of benzene and 2,1,3-benzoselenadiazole 

Typical derived parameters namely the chemical shifts 

1 J  1 J  1J 

6001 

tool 

‘-.oo 

. -600 

Dipole couplings between methyl protons (DHH) in 
acetonitrile (0) and those between ortho protons 

(Dortho 
concentrations of EBBA and ZLI-1167. 

) in benzene (0) as a function of relative 
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MOLECULAR ORDER IN EBBA & ZL1-1167 15 

TABLE 1. Spectral parameters for 2,1,3-selenadiazole 
oriented in the nematic phases of ZLI-1167 and 
EBBA 

a Weight Parameters (Hz) 
b per cent 

of D12 D13 D14 D23 ‘V1 -v2) 
ZLI-1167 

100 1108 38 -30 -266 -187 
90 1033 40 -23 -208 -185 
80 9 78 42 -18 -164 -186 
70 -1752 -88 21 191 36 
0 - 759 -63 -15 -129 - 45 

a Assumed J-values: J =9.12, J =1.19, J =0.87, 
J23=6.40 Hz. 
12 13 14 

bat 270 MHz 

between the methyl protons in acetonitrile obtained directly 
from the triplet due to such protons against the relative 

weight percentages of the liquid crystals is given in fig.1. 
The figure also includes the dipolar coupling between ortho 
protons in benzene as a function of relative concentrations 
of the two nematic solvents. It is observed from fig. 1 
that the dipolar couplings first decrease gradually by the 
addition of (I) until at a critical concentration, the values 
abruptly change to twice with opposite signs. A further 

increase in the concentration of (I) changes the coupling 
constants smoothly. The behaviour of the various dipolar 
couplings as a function of the relative concentrations of the 

the two solvents in 2,1,3-benzoselenadiazole which needs two 
independent parameters to describe the molecular order is 
reproduced in the table. The resulting change of the direct 
couplings [D(3cos OL - I)], from D to -2D is attributed to a 
change of the angle (a) between the applied magnetic field 
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16 C. L. KHETRAPAL and A. C. KUNWAR 

0 and the liquid crystal optical axis from 90 in ZLI-1167 

to Oo in EBBA. 
tive signs of the direct and the indirect coupling constants 
in the two solvents, It is interesting to mention that the 
switch-over of the orientations in all the cases occurs when 
the weight per cent of ZLI-1167 is nearly 77%. The behaviour 
of the mixed solvents in the vicinity of the critical concen- 
tration is being investigated more closely as a function of 

temperature. 

The results are also confirmed by the rela- 

The method may be used to determine the chemical shift 

anisotropy without referring to the isotropic value of the 
chemical shift. One has to determine the cheml'cal shifts 

close to the critical concentration. It may also be used for 
the determination of the dipolar couplings between hetero- 
nuclei which normally cannot be determined as the splittings 
are dependent upon }J+2D/. 

The results suggest a simple experiment to change the 
angle between the liquid crystal optic axis and the magnetic 

field direction from 90 
tropic parameters change from -0.5 to 1.0 times the original 
value. A similar observation has been reported earlier wlth 
the help of simultaneous application of the electric and 
magnetic fields5 orthogonal to each other. 

0 to 0' with the result that the aniso- 
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