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Abstract-The coefficient D for self-diffusion in nematic p-azoxyanisole has 
been determined from measurements of the energy width of quasi-elastically 
scattered neutrons. The directional dependence of D was studied by polarizing 
the substance along different directions relative to the scattering vector. For 
an unpolarized substance we measured D = 1.4 x cm2 sec-', whereas for 
a polarized substance we found Dll = 1.8 x 10-5 cm2 sec-1 and D I  = 1.0 x 

cm2 sec-' for diffusion parallel with and perpendicular to the optical axis, 
respectively. These results are in qualitative agreement with the anisotropy 
of the viscosity coefficient, as measured by Miesowicz (Nature 136, 261 (1935); 
158, 27 (1946)). 

In this paper we report what we believe is the first measurement of 
the anisotropy of the self-diffusion of a nematic liquid crystal. The 
substance investigated was p-azoxyanisole (PAA). 

In  the nematic phase, liquid crystals are known to possess miso- 
tropic optical, electrical and magnetic properties.(" Miesowiczc2) 
has measured a marked anisotropy in their viscosity, which also 
implies an anisotropic behaviour of the diffusion coefficient. A 
measurement of the diffusion coefficient in PAA by the NMR-method 
has earlier been reported by Blinc et C Z Z . ( ~ )  An approximate value of - cm2 sec-' was given for the isotropic liquid phase, but for the 
ordered nematic phase no value could be given. 

The scattering of neutrons from PAA is almost entirely due to 
incoherent scattering by protons. The diffusive motion of the 

t Presented a t  the Third International Liquid Crystal Conference in Berlin, 
August 24-28, 1970. 

Guest scientist from Institute of Nuclear Physics, Cracow, Poland. 
5 Guest scientist from the Chemical Institute of the Jagiellonian University, 

Cracow, Poland. 
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molecules is observed as a quasielastic broadening of the ;;pectral 
line of the incident beam. According to the Vineyard theory,c4) this 
broadening ( A E )  is expressed by A E  = 2&DQ2, where D denotes the 
diffusion coefficient and Q the scattering vector. This exl~ression 
results when assuming a continuous diffusion process, which also 
implies a Lorentzian line-shape. The actual line-shape observed is 
well reproduced when folding a Lorentzian with the Gaussian 
instrumental function, as will be shown by Fig. 3 below. 

The nematic phase of PAA extends from the melting point of 
119°C to the clearing point of 135°C. Our measurements in the 
nematic phase were performed in the range 123-125°C and the 
temperature was in each case kept stable within 1". Some ad'ditional 
measurements were made a t  115' and 140°C. The samlde was 
contained in a flat aluminium vessel of (60 x 57) mm2 and with a wall 

Figure 1. A recorded time-of-flight spectrum in the solid phase at a temperu- 
ture of 115°C plotted as a function of the neutron wavelength. The scattering 
geometery is denoted by the direction of the incoming and outgoing neutron 
beams, and by the position of the flat sample holder. The narrow peak a t  
2.61 A is a reproduction of the incoming neutron beam folded by the Gaussian 
resolution function of the instrument. 
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distance that could be varied between 2 and 3 mm. An electrical 
field of 6000 V cm-l could be applied along the short dimension, i.e. 
along the face normal. 

The MISS spectrometer a t  the J E E P  I1 reactor was used for the 
experiments. MISS is a hybrid instrument composed of a mono- 
chromator unit with a graphite crystalc5) and an analyzing part with 

PAA nematic phase 
T=125"C 

28=90° E=6000 Voltslcm C 
3 

, . . ..,. .. ... 
I 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 
Neutron wavelength ( A )  - 

Figure 2. A recorded time-of-flight spectrum in the liquid nematic phase a t  
a temperature of 125°C plotted as a function of the neutron wavelength. The 
scattering geometry is denoted by the direction of the incoming and outgoing 
neutron beams and by the position of the flat sample holder. A vector E 
indicates the direction of the applied electrical field. 

a curved-slit mechanical rotor. The incident neutron energy used 
was 12.01 meV, corresponding to 2.61 A in wavelength, and the 
scattering angles 26 were 60", 75" and go", corresponding to  Q2-  

values of 5.80, 8.59 and 11.59 A - 2 ,  respectively. Examples of re- 
corded wavelength spectra in the solid and nematic phases are 
shown in Figs. 1 and 2, respectively. The scattering geometry is 
denoted in each case by the directions of the incoming and outgoing 
beam, by the position of the flat sample holder, and by the electrical 
field vectors, when applicable. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

8:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



192 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

The sharp line at  2.61 A in Fig. 1 is due to elastic scattering and 
reproduces the Gaussian form of the instrumental function. A weilk 
h/2 component is also visible. The rest of the scattered spectrum is 
due to inelastic scattering and does not change when the substance 
is heated to the nematic phase, as in Fig. 2. I n  our analysis of the 
diffusion type scattering in the nematic phase we are interested in 
the quasielastic component only. The isolation of this component 
was made in two steps: (1) By a subtraction of the inelastic 
s?ectrum as observed in the solid phase. (2) By a subtriiction of 
the weak elastic component measured with an empty sample 
holder. 

Examples of the inelastic spectra obtained in this maruler are 
shown in Fig. 3. The smooth curves do in each case represent a 
convolution of the instrumental Gaussian function with a Lorentzian 
giving the best fit to the experimental data. 

I - 
3.0 2.0 2.5 3.0 2.0 2.5 3.0 

Wavelength (1,) -+ 

2.5 

Figure 3. The dots represent the experimentally determined qiimiielastic 
peaks in the nematic phase at a temperature of 125°C. A sketch above each 
peak shows the scattering geomotry used. The direction of the electrical field, 
when applicable, is indicated by a vector. The smooth curves represent a 
convolution of the instrumental Gaussian function with a Lorentzian giving 
the best fit to  the experimental data. The diffusion coefficient D is given in 
the unit, cma sec-1. 
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The bulk of the data were taken in a reflection geometry, i.e. with 
the incoming and outgoing beam on the same side of the flat sample. 
Fig. 4 gives the result of the analysis for this geometry for two cases, 
when an electrical field was applied along the scattering vector and 
when no field was applied, respectively. The approximately straight 
lines observed in each case indicate that the self-diffusion process is a 
continuous one. The different slopes of the lines are interpreted as 
follows : 

The neutron scattering cross section(6) of a propagating mode of 
polarization vector E, is proportional to (gQ)2 ,  hence our neutron 
experiment is sensitive to diffusive modes whose polarization vectors 
have components along the scattering vector. When an electrical 
field is applied, the molecules are oriented such as to have their long 
axes along the field.") From this it follows that diffusion along the 
molecular axes is mainly seen in the experiment giving the upper 
curve of Fig. 4, whereas diffusion along all directions relative to the 
same axes is seen in the experiment giving the lower curve. Hence 
Fig. 4 is a direct proof of the anisotropy of the self-diffusion in 
nematic PAA. 

Some experiments a t  20 = 90" in the transmission geometry, for 
which the electrical field is normal to the scattering vector, enabled 
a study of the diffusion normal to the molecular axes. Such observa- 
tions, as given by the right hand curve of Fig. 3, demonstrated that 
the diffusion coefficient has its minimum value along this direction. 

From our measurements we arrived a t  the following values of the 
diffusion coefficients : 

Dll = 1.8 x 10-5 cm2 sec-1 

B1 = 1.0 x 10-5 cm2 sec-1 

for diffusion parallel with, normal to and in an arbitrary direction 
relative to the molecular axis, respectively. The ratio DII/Daverage 
is 1.3, which is smaller than the ratio qsvera*e/rjll = 2 between the 
corresponding viscosity coefficients, as  measured by Mies3wicz. ( 2 )  

It would be interesting to measure the temperature variation of D 
as the sample passes from the nematic to the isotropic liquid phase. 
This is reserved for a future work. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

8:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



194 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

4 

T 3  
E" U 
w 
Q 

2 

I 

0 

I 1-- 

D [cm2 ccc-I]  

Figure 4. Circlos: 
Electrical field applied parallel to the scattering vector; Squares: No electrical 
field applied. 

LIE is plotted versus &* using the  relation A E  = 2hDQa. 

The orienting effect of the electrical field on the molecular axis 
was found to be absent in the isotropic liquid phase, since no dif- 
ference in peak width could be seen for the cases with and without a 
field. In  our measurements we could not detect any orienting effect 
of the walls of the vessel. This is inferred from the fact that D was 
found to be the same for the reflection and for the tranrrmission 
geometry when no field was applied. 

Acknowledgement 
Two of us (J. A. J. and J. M. J.) would like to express their 

gratitude to the Institutt for Atomenergi for financial support 
during their stay in Norway. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

8:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



S E L F - D I F F U S I O N  I N  A L I Q U I D  C R Y S T A L  195 

R E F E R E N C E S  

1 .  See for example: Chistyakov, I. G . ,  Usp .  Fiz .  Nauk 89, 563 (1966), (English 

2. Miesowicz, M.,  Nature 136, 261 (1935); 158, 27 (1946). 
3. Blinc, R., Hogenboom, D. L., O’Reilly, D. E. and Peterson, E. M., Phys. 

4. Vineyard, G. H., Phya. Rev. 110, 999 (1958). 
5. Riste, T. and Otnes, K., Nucl. Instr. and Meth. 75 ,  197 (1969). 
6. See for example, T h m l  Neutron Scattering, Egelstaff, P.A., ed., Acad. 

trans]. : Soviet Phys. Uapekhi 9, 551 (1967)). 

Rev. Letters 23, 969 (1969). 

Press, London, New York, 1965, Ch. 7 and 8. 

Note added in proof 
Very recently Blinc et al. (Phys. Letters 31A, 531 (1970)) have 

obtained P v e r a g e  = (0.75 * 0.5) x 10-6 cm2/sec by neutron scattering 
measurements. 
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