
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 13:55
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

On the Relation Between Mobility of lons and Viscosity.
the Walden's Rule
E. Szwajczakaf a & A. Szymański a

a Department of Physics, Technical University, Rzeszœw, Poland
Version of record first published: 20 Apr 2011.

To cite this article: E. Szwajczakaf & A. Szymański (1986): On the Relation Between Mobility of lons and Viscosity. the
Walden's Rule, Molecular Crystals and Liquid Crystals, 139:3-4, 253-261

To link to this article:  http://dx.doi.org/10.1080/00268948608080131

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948608080131
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1986, Vol. 139. pp. 253-261 

0 1986 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

0026-8941/86/1394-0253/$15.00/0 

On the Relation Between Mobility of 
Ions and Viscosity. The Walden’s 
Rule 
E. SZWAJCZAK, and A. SZYMANSKI 
Department of Physics, Technical University, Rzeszbw, Poland 
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The reproducibility of ionic mobility values obtained by means of different methods 
is shown. For nematic material 5CB the viscosity and mobility tensor components 
were compared. The applicability of Walden’s rule is discussed. 

1. INTRODUCTION 

As evident from literature*.* even for nematic liquid crystals, ionic 
drift mobilities are subjected to considerable scatter of the data. To 
investigate the reasons of this scattering, ionic drift mobility in liquid 
crystalline materials: 5CB-pentyl-cyano-biphenyl and 80CB-octyloxy- 
cyano-biphenyl have been determined by means of two principal 
methods: 

-Time of flight method. The details have been shown in previous 

-Isothermal current decay m e t h ~ d . ~  The application of this method 
 paper^.^,^ 

will be discussed in detail. 

2. 
COMPARISON OF THE DATA 

ISOTHERMAL CURRENT DECAY METHOD AND THE 

In the case of the evaluation of the drift mobility values from an 
isothermal decay of current three procedures have been used: 

-the “initial decay” procedure,6 
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-fitting of experimental decay curves to the results of weak elec- 
trolyte theory,’ 

-fitting of experimental decay curves to the results of numerical 
integration of the Thomson-Thomson equations.* 

For the “initial decay” procedure it was found that the formula 
used by Derfe16 has to be corrected if reasonable data are going to 
be extracted. The reasons for the corrections are presented in Ap- 
pendix 1. 

The details of the applications of the two remaining procedures 
are shown in the previous paper.9 For the nematic phase of 5CB and 
80CB the fitting of the results of the experiments to weak electrolyte 
theory turned out to be better than the use of the Thomson-Thomson 
equations. However, for smectic A phase of 80CB the use of current- 
time relations obtained from the Thomson-Thomson equations pro- 
duced, exclusively, the data in good agreement with the results of 
the time of flight method. 

The comparison of the drift mobility data obtained for nonoriented 
5CB by means of different methods is shown in Figure 1. The slight 
difference between the time of flight method and the remaining meth- 
ods is due to the dilemma: should the time correction factor in the 
time of flight method be 1 or 0.78. Factor 0.78 was applied in Figure 
1. Similar results for nonoriented 80CB are shown in Figure 2. 

5 CB 

- 
235 299 303 T [KI  

FIGURE 1 .  The comparison of the mobility values in 5CB obtained using different 
methods: 0- time of flight method ifactor 0.8/, X - “initial slope,” 0- fitting of 
experimental results to the theoretical ones. 
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80CB 

I I  I I 

328 338 348 T [KIP 
FIGURE 2. The comparison of the mobility values in 80CB obtained by different 
methods: 0- time of flight of ions method, “fit” of the experimental current time 
curves to the theoretical ones obtained from: weak electrolyte theory - x - for 
nematic phase, the Thornson-Thomson theory -0- for smectic A phase. 

In conclusion, one can argue that both methods are capable of 
producing reliable results. The large scatter in the drift mobility val- 
ues, as encountered in literature, is either due to the properties of 
the materials used, or to the improper application of the methods. 

3. 
TENSOR COMPONENTS FOR 5CB. THE WALDEN’S RULE 

THE COMPARISON OF THE MOBILITY AND VISCOSITY 

The viscosity tensor components have been determined for 5CB either 
by means of retangular capillary1’.” or by means of the attenuation 
of ultrasound waves. l2 The measurements involving rectangular cap- 
illary have been made on the same material as used for the drift 
mobility determination. So, there should not be any speculations 
about the different purity of the material. 

and 
q components should be mutually related by the radius of solvation 
r,, eq.: 

Evidently, when the hydrodynamic friction is dominating, 
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where i indicates the parallel or perpendicular orientation. 
The dependences of pll q,, and pL -ql for 5CB are shown in Figure 

3. As one can see for parallel orientation the product p,, q,, is in the 
limits of experimental errors temperature independent, meaning that 
r,,, is constant in nematic range-see Figure 4. In contrary, for the 
product bl ql significant temperature dependence is observed; the 
value ql has been extracted from experimental data by the procedure 
described in Appendix 2. However, if ultrasound data of viscosity 
are explored the product of pl qL is constant, consistently, as in the 
paper of Herino.I3 Let us look for the reasons of these discrepancies. 

If the difference of the temperature dependence of the product pll 
qII and pI -qL was due to the mechanism of the movement of the ions, 
this should have an impact in the activation energy. The thermal 
activation energy values for mobilities and viscosities are shown in 
Table 1. From Table 1 we can see that the observed effect is due to 
viscosities. However, two different sets of viscosity data do exist, and 
one should notice that the conditions of the experiments are different. 

E. SZWAJCZAK and A. SZYMANSKI 
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FIGURE 3. 
applied electric field. 

The product of pq in oriented PCB, parallel and perpendicular to the 
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IONIC MOBILITY AND VISCOSITY 257 

TABLE 1 

Thermal activation energies of drift mobilities and capillary viscosities 

Thermal activation energy 

Material E,  [eVI E, lev1 Phase Orientation 

0.31 -c 0.07 0.21 ? 0.04 nematic - 
5CB 0.32 -c 0.06 0.27 5 0.04 nematic II 

0.33 -c 0.06 0.49 2 0.06 nematic 1 
0.83 f 0.16 0.83 ? 0.11 smectic A - 

80CB 0.71 2 0.08 0.64 ? 0.08 nematic - 
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8OCB 

I 
*I 1 3G3 T [K] 

328 338 

FIGURE 5 .  The product of p q in non-oriented 80CB. 

It is interesting to mention that for non-oriented liquid crystalline 
material the Walden’s rule is roughly fulfilled as shown in Figure 5 
and Appendix 3. 

4. FINAL REMARKS 

In one assumes the concept of microscopic viscosity and the appli- 
cation of the Walden’s rule in the form: 

p. -q = const. 

one can electrically probe the viscosity of liquid crystalline structures 
where the application of the conventional methods is impossible be- 
cause of non-Newtonian hydrodynamics. For such a purpose the time 
of flight method based on ionic injection seems to be very promising. 
The method has been used by Sazin and Szuwajew14 for investigating 
thin polymer films. The investigation of the drift mobility in nematic, 
cholesteric and smectic A structures3 has been carried out in our 
laboratory. We hope it can be applied to any LC structure. 

Appendix 1 

Due to weak electrolyte theory, the time dependence of the current 
is as follows’: 
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- average time of flight of the ions 
2d 

T7. = 
E(F+ + F-) 

- chemical relaxation time 
1 

rR = 2Vz& 

j ,  = v k,  q d - the density of saturation current 

v - the density of dissociable particles 

k,  - dissociation rate 

kR - recombination rate 

q - the charge of an ion 

d - thickness of the layer. 

Solving of eq. (1) for j ( t )  (in assumption of 7 R  >> rT too) one obtains: 

Having in mind that for dj(t)ldt = 0, js = j=, one can rewrite eq. 2: 

dt 

instead of 

j ( t> 
- 4 

rT = - 2 - as appeared in.6 

dt 
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Appendix 2 

For the laminar flow of nematic liquid crystals the effective viscosity 
is the combination of coefficients: ql, q2, q3 and q12 as follows1o: 

+ q3 sin20 sin2q + qlz c0s48 sin20 

where 8 is the angle between director and velocity vector, cp-the 
angle between the velocity gradient and the projection of the director 
on the plane perpendicular to the flow velocity. Therefore: 

Appendix 3 

The Walden's rule is often presented as  follow^'^: 

where H = EJE,,  E,  and Eq-the thermal activation energy of 
mobility and viscosity, respectively. The H values obtained in LC are 
shown in Table 2. 

TABLE 2 

The values of H for liquid crystals 

Phase 

Material nematic cholesteric Bibliography 

PAA 
PAA 
MERCK 7a 
MERCK 5 
MBBA 
MBBA 
ch. propionate 
ch. pelargonate 
ch. palmitate 

4.0 
1.0-1.5 
1.0-1.5 
1.0- 1.3 

1 .O* 
0.4-1.5 

1 .O* 
1 .O* 
1.0' 

16 
17 
18 
18 
19 
20 
21 
21 
21 

*-the Walden's rule is fulfilled 
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