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Static and Dynamic Observations of Dislocations 
and Other Defects in Smectic Can0 Wedges 

I. LELIDISab, M. KLEMANc and J.L. MARTINa 

aDe'partement de Physique, Institut de Genie Atomique, Ecole Polytechnique 
Fe'de'rale de Lausanne, CH-1015 Lausanne, Switzerland, bPermanent address: 

LPMC Universite' de Picardie, 80039 Amiens France and "Luboratoire de 
Mine'ralogie-Cristallographie (CNRS-UMR 7590, Universitks de Paris VI et 

Paris VII), 4 place Jussieu, 75252 Paris Cedex 05, France 

We study the role of defects in the flow properties of a thermotropic smectic (in Cano wedge 
geometry) by in situ deformation experiments in an optical polarizing microscope. The 
motion of the edge dislocation array is studied for imposed strain rates and their climb veloc- 
ity is measured. At a stress close to 3000 dyn/ cm2 a jerky climb of edges is observed imply- 
ing the existence of screw dislocations which hinder the free motion of the former. At a stress 
close to 5000 dyn/ cm2a viscous motion of edges is evidenced for which we confirm the 
validity of the Orowan relation, established for solid crystals. 

Keywords: thermotropic smectics; defect microstructure; Orowan relation 

INTRODUCTION 

We report here on the flow properties of smectics in compression 

tests, in a manner reminiscent of the plastic flow in solid crystals in 
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I88 1. LELIDIS rt ul 

connection with their imperfections. We have observed that the flow is 

indeed attended by the motion of dislocations"'. As was first pointed out 

by Orowan"' the rate of deformation is proportional to the number of 

moving dislocations, their average velocity and the displacement which 

is carried by each one. In order to verify this law in the case of smectic 

liquid crystals we observe climbing of edge dislocation directly by 

optical microscopy and we measure all the quantities related with the 

imposed deformation rate. This climb motion of edge dislocations could 

interplay with screw dislocations"' present in the smectic sample, giving 

rise to deviations from the expected behavior. Therefore we also have to 

characterize the sample microstructure: screw and edge dislocations 

respective densities and mutual interactions. 

EXPERIMENTAL PART 

The experimental set-up we use is made of a polarized-light optical 

microscope, an oven (Instec mK) mounted on the stage of the 

microscope, and a constant strain-rate deformation micro-device 

containing the sample. Dynamic observations can be carried out during 

compression tests"'. The normal strain component varies in the range 

-10"-10'. The liquid crystal compound used is a fluorinated 

octyloxyphenyl octyloxybenzoate (BDH173, from Merck) with a 

monotropic SmA-SmC phase transition at 55°C when cooling from the 

SmA. 
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DISLOCATION MOBILITY IN SMECTICS 189 

A typical sample is composed by two float glass plates in a wedge 

geometry (fig. I), treated with a polysilane to ensure homeotropic 

anchoring. The dihedral angle q is chosen in the range -10"-10 'rad. 

I- t t I- t L 
Fn 

glass plate 1, 

FIGURE 1 Schematic cross section of a wedge-shaped sample, 

containing a tilt subboundary of edge dislocations. 

The wedge geometry gives rise to an edge dislocation tilt subboundary 

in the SmA phase. Because of the image forces at the glass plates, the 

tilt subboundary is positioned in the bisector plane of the dihedron. 

These dislocations become visible (fig. 2) at the vicinity of the SmA- 

SmC transition'" because the latter starts locally in the stress field of the 

defects"'. The array period A is related to 0 by: A=b/O, where b = n a is 

the Burgers vector, and a is the smectic layer thickness (-3nm). Under 

an applied stress along the layers normal: 0, = B &/&, where B is the 

static compressibility, the edge dislocations should experience a Peach- 

Koehler force parallel to the layers'681: 
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I90 I. LELIDIS e t a / .  

where i is the sign of the dislocation. Under the action of this force the 

array of edge dislocations should climb to relax the stress. Glide motion 

of the edge dislocations should be also present. For typical strains, the 

thickness variation is -100 nm while the climb displacement is -10' nm 

and so the glide motion can be disregarded in a first appr~ximation'~'. 

Furthermore the glide mobility is probably much smaller than the climb 

mobility, since it requires permeation'". 

RESULTS ABOUT THE MICROSTRUCTURE 

static observations: Figure 2 shows a typical aspect of the 

microstructure. It consists of the edge dislocations array which are 

pinned at a forest of screw dislocations: straight dislocation lines 

anchored on both boundary glass plates and perpendicular to the layers. 

The above results are further confirmed from cryofractured samples 

observed by confocal microscopy'1o'. The origin of the screw 

dislocations are the hill-shaped surface irregularities on the glass plates, 

revealed by atomic force microscopy"". Depending on the glass plates 

relief and the conditions of the polysilane deposition, the screw density 

ps, deduced from the pinning points density on the edges, vanes in the 

range - lo5 to lo* /cm'. These values compare well with the screw 

dislocation density in lyotropic lamellar phases"" -10' /cm2. Contrast 

studies of the polarized and confocal microscopy images are underway 

to determine the Burgers vector signs and magnitudes"". 
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DISLOCATION MOBILITY IN SMECTICS 191 

dvnamic observations: During their motion, the edge dislocations are 

slowed down when crossing the forest of screw dislocations to which 

they are temporarily pinned, in a manner which depends on the sign of 

their respective Burgers vectors. We observe two edge dislocation 

mobility regimes depending on the applied stress: 

FIGURE 2. Array of edge dislocation (n=l)  in a wedge-shaped sample 

near the SmA to SmC transition, viewed between crossed polarizers 

(PIA) .  The edge dislocations are strongly pinned on end on screw 

dislocations. Cusps visible along the edges result from such an 

interaction (lo pm). 

a) jerky climb motion (fig. 3) for stresses o lower than a critical value 

0'. Edges are temporarily pinned on screws and their velocity is 

related to the waiting times at the intersection. The intersection 
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I92 1. LELIDIS et ul 

stress for edges to intersect the screws i s  estimated from the 

curvature I/R of the edge dislocations when they begin to climb'*' 

(the smaller values of R are considered here) : 

FIGURE 3. Snap-shot of jerky climb motion of edge dislocations 

((I < oL) temporaiily pinned at screw dislocations ( P I A ,  pm). 

for B- I O'erg/cm' and n = I .  

b) viscous cliwih motiotz of edge dislocations at stresses higher than o, 

(fig. 4). The climb velocity is controlled by an effective viscosity of the 

medium. Each edge dislocation moves as a rigid segment. 

In a smeclic sample iinder strain, screw dislocations are affected 

and the strain can give rise to an helical instability''2, "' which will be 

treated in another publication'"''. 
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DISLOCATION MOBILITY IN SMECTICS 193 

FIGURE 4. Snapshot (PIA)  of an edge dislocation array while 

climbing under stress in the viscous regime (cr > oL, mpm). 

DISCUSSION 

By imposing a controlled velocity E = AE;: / A t  to one of the 

glass plates with respect to the other, we are able to check the validity 

of the Orowan equation : 

6=p ,  h v  

where p,, is the density of mobile dislocations, and v their climb 

velocity. Experimentally, we observe that under compression the edge 

dislocations move towards the thicker part of the sample. The climb 
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194 1. LELIDIS et al 

takes place in the plane of the subgrain boundary and all dislocations 

move parallel to one another (viscous regime). 

Figure 5 shows the measured climb velocity as a function of the 

deformation rate. This graph shows a number of interesting features: 

Threshold deformation rate: climb is observed above a threshold 

deformation rate t,. = 0 . 4 ~ 1 0 ~  sec-’ . The threshold should correspond 

to the critical stress for viscous edge dislocations climb motion. 

Assuming that the response of the material is quasi-elastic for stresses 

lower than the corresponding critical stress uG and using the value of 

B -10’ erg/cm’ one calculates p - SO00 dyn/cm*, which is an upper 

value of oc, 

prowan relation: for stresses higher than crc, a linear variation of the 

dislocation velocity with the deformation rate is observed. The slope: 

0.15 cm.’ obtained by least square fitting is in good agreement with the 

expected value of p,b = 0.17 cm.’, where p, is measured from 

dislocation distances along the subboundary. 

CONCLUSION 

In a smectic liquid crystal, we have evidenced a forest of screw 

dislocations, the density of which is related to the substrate roughness. 

As the stress is increased above a value o,”, -3000 dynlcm’, climbing of 

edges is observed through the forest of screws, resulting in a jerky 

motion. Above a critical stress lower than 5000 dynlcm’ a viscous climb 
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DISLOCATION MOBILITY IN SMECTICS 195 

motion of the edge dislocations is observed, for which the Orowan 

relation has been verified. 

FIGURE 5 .  Deformation rate versus climb velocity of edge 

dislocations. The solid line is a least square fitting of the experimental 

points (solid squares). 

Presently, we are carrying a detailed quantitative study of the 

above phenomena and the multiplication of other defects than 

dislocations. 
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