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The spatial domain -
-localised velocimetry
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  wormlike surfact ant  solut ion
in 4  degree cone-and-plate gap

25  mm

4.17  mm

x 6  gain

wormlike surfactant solution, cetylpyridinium chloride/sodium salicylate (100mM/60mM)

velocity image vertical derivative (rate-of-strain)

above critical shear rate (16.2 s-1)
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lever rule obeyed

Britton and C, Phys. Rev. Lett. 78 (1997) 4930. 

cetyl pyridinium Cl / Na salicylate

100 mM /   60 mM

-ve velocity +ve velocity

Shear band transition-sudden or gradual?
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double PGSE
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τ

F(t)

encode time
∆

The temporal domain -
-fluctuations in translational motion

τex = 7 ms τex = 80 ms

Britton and C, Eur. Phys.  Journal B7, 237-249 (1999)
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deformation under shear
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accessing the full deformation tensor
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alignment tensor

selecting the required alignment:

vorticity, or gradient/velocity along B0

0.5 mm gap

polymer in the gap

polydimethylsiloxane-650 kD
(~65 entanglements)

horizontal and vertical couettecells

B0
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obtaining Sxx

0.5 mm gap

scan of complete cell

polymer in the gap
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chosen region
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Spatially selective 2H spectroscopy 
in the evolution domain: d-benzene in sheared PDMS
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Sxx
Sxx

obtaining Sxy
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Kilfoil and C, Macromolecules 33, 6828 (2000).
Cormier, Kilfoil and C, Physical Review E 6405, 1809 (2001)
Cormier, and C, J Chem Phys (in press) (2002)
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Rheo-NMR: alignment tensor vsshear rate
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Cormier, Kilfoil and C, Physical Review E 6405, 1809 (2001)
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Shear bandi ng cl ose to an I - N transiti on

CTAB/D2O across a Couette cell gap

∆n2

“cl assi c fl ow-i nduced 
bi ref ri ngence”

use deuteron NMR t o i nvestig ate
ori entati onal order

Cappelaere, Berret, Decruppe, 
Cressely. and Lindner, Phys. Rev. E, 56 (1997) 1869.

Shear bandi ng cl ose to an I - N transiti on

frequency offset (Hz)

outer wall

inner wall

distance from 
centre (mm)

ordered component

isotropic component

γ2 ?

.
γ1 ?

-10 -5 0 5 10

.

CTAB/D2O: 2H spectroscopy across a Couette cell gap

∆n2

Fischer and C, Europhysics Letters, 50, 803 (2000)
Physical Review E, 6401, 1501 (2001)
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Shear bandi ng cl ose to an I - N transiti on

CTAB/D2O: 2H spectroscopy 
quantitation of nematic phase

Shear bandi ng cl ose to an I - N transiti on

CTAB/D2O: 2H velocimetry across a Couette cell gap

Vel ocity d i str i buti on i s “ messy” near shear band

∆n2
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Shear banding close to an I-N transition  -fixed strain rate 51 s-1

nematic/
isotropic

velocity
profiles

CTAB/D2O:

~ 200 s-1

non-equilibrium
nematicstate relaxes 
to isotropic state

relaxation of the nematic state
on shear cessation
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simple phenomenological model

CTAB/D2O-strain rate controlled

logσxy

logσxy(inner)- logσxy(outer)

is fixed at 2log(router/rinner)

simple phenomenological model CTAB/D2O

CTAB/D2O-strain rate controlled

generation 
and stress migration
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simple phenomenological model CTAB/D2O

CTAB/D2O-strain rate controlled

relaxation 
and stress jump

simple phenomenological model CTAB/D2O

steady state
competition
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Shear banding close to an I-N transition

CTAB/D2O: model predictions and comparison with experiment
nematic fraction across gap
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with τ∼∆T6

Shear banding far from an I-N transition

CPyCl/NaSal  in 0.5M NaCl/D2O 
across a Couette cell (17mm/19 mm) gap
10% concentration  (I-N at around 30%)

classical Maxwell-Cates system extensively studied by Berret and co-workers
-stress plateau
-shear bands observed by NMR velocimetry
-birefringence not conclusive

NMR strategy
-use deuteron NMR to investigate ordering
-NMR velocimetry by 2H NMR 
-careful analyis of  pixel velocity distributions
-1H NMR spectroscopy of micelles
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Shear banding model

10% CPyCl/NaSal  in 0.5M NaCl/D2O
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strain rate

loge(stress)

σ = k
Ý γ 

1+ (1− b) Ý γ 2
+ ε Ý γ α

ε=1.7
α =0.1
b=0.89

“Johnson-Segelman”

s = logσ,             sinner − souter = 2log(
Router

Rinner

)

ω inner = Ý γ (s)ds
souter

sinner

∫
fixed for strain rate controlled

fixed by geometry

sinner-souter
sliding down of stress band

random jumps of break point
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