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Goals:Goals:
¥Quantify stress-induced mobility
¥Compar ison to theory and simulation
¥Fundamental understanding of
  nonlinear  deformation

Key concept for our experiments:
Probe reorientation reports on PMMA dynamics

Dye reorientation measured with
photobleaching technique

Stra in and mobility  are measured locally

Deformation cell

Optical measurement

Simultaneous measurement of
creep and mobility

Summary

Mobility  in different regions of a necked film

A faster anisotropy decay indicates 
that mobility increases

Measurin g mobility  durin g
creep and recovery.
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Above Tg, small stress, mobility allows flow, have well-tested molecular theories

Below Tg, large stress, mobility allows flow?
Molecular origins of enhanced dynamics
remain unclear

Creep experiment

One viewpoint: s tress induces mobility  and
transforms the glass in to  a very viscous liq uid

Eyring model, 1936
Chen and Schweizer, 2007

Sample: lightly cross-linked PMMA glass; Tg = 395 K
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Weight

Strain  = (L(t) Ð L0)/L0
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T dependence matches
dielectric relaxation ! "

Rotatio nal
corre latio n tim e of
pro be molecule  is
stro ngly c orre late d
w ith  segmental
dyn am ics of  polym er

Distrib ution of relaxation times
narro ws as mobility  increases

The correlation function becomes more
exponential as mobility increases

 Deformation accelerates segmental dynamics more than 1000-fold

 Three regimes of stress-induced mobility

i) Low stress-- Eyr ing works

ii) Flow onset-- Eyr ing underestimates mobility

iii) Strain hardeningÐ Eyr ing qualitatively fails

 Eyr ing model fails completely dur ing recovery and complex
deformation

 Effective temperature concept fails for  large deformation-- KWW #
changes too much

 Strong cor relation between strain rate and mobility suppor ts the
view that stress-induced mobility allows polymer  glasses to flow

 Local measurement of mobility useful for  understanding
inhomogeneous deformation

Strong correla tion between stra in rate and
mobility Ñ
supports the view that stress-induced
mobility  allows polymer glasses to flow

Dynamics speed up as stress increases

Results

T = 375.7 K

T = 375.7 K

Mobility  vs. true stressÑ
illu stra tes three different regimes

T = 375.7 K
T = 375.7 K

M odel prediction by Chen and Schweizer , M acromolecules, 2008
Simulation by Riggleman and de Pablo, M acromolecules, 2008
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