


Intermediate Filaments (IF)



Rubber (Elastomer)

* Generates of heat



Thermodynamics of Rubber

of Thermodynamics

Jy (strain energy)

+ Forreve em, heat added is equal to
temperature of system times change in entropy

Q=TAU



Thermodynamics of Rubber

rermodynamics

jal to applied force



Thermodynamics of Rubber

rermodynamics

F AL

+ Stret

| ates its bonds, does not
stretch bonds...

O=TAS +FAL



Thermodynamics of Rubber

-TAS
ceF=1,eqg.AL=2

egative (T in Kelvins)
must be negative (-AS)
ched rubber gives off heat

Q=TAS
(-Q) =T (-AS)

(What if you add heat back in?)



ytion states

| such that there cannot be
Zero Se 1 end-to-end
* S=lIn(10)=2.30

— — (2)
(2) —

— (2)
+ Therefore, tension reduces entropy



Fun Experiment

onal to temperature

Hair dryer
Tube

Rubber strip


demo1.mov

+ Inwvitrc
* DNA: 5o nm
* F-actin: 17 um
* Microtubule: 1 mm

asurements:
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ann constant
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Bending Energy

Applied forces lead to moment M in rod

M acts to deforms straight shape to curved shape

Strain Energy

W = F AX
2

Infinitesimal Strain Energy

U - W - 1 Gxgxx
a2
By Hooke's Law

U :%Evgi
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B

nding Curvature

Length along neutral axis

Length along dashed line
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Force — Extension Relationship

Tension to extend a filament measured by
amount of extension along a line

-I/\T

Extension response dominated by entropy

At any finite temperature, there is contraction
due to thermal fluctuations that makes polymer
deviate from straight line
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For

/Behavior

ed by tension t

e filament:

Al = [ (ds—dx)

-~ .(\/dxz +du® —dx

dx



D,

formation Behavior

+ Note, there exists version for transverse motion
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Spring Constants

transverse

sp,bend |
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Force - Extension

Non-linear behavior
Linear at small force
Strain stiffening at large forces
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ve mesh size dimension &
spacing between filaments
volume fraction v

s (lengths < 1))

2
Vfilament y a

Vmesh 5 i

Accounting for thermal fluctuations

2 2 2
Vtransverse d 5U d d

Y, Tig507 Isu 16U

longitudinal
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Shear Modulus for Solutions



Sh Solutions

rom high bending modes
mpliant filaments

-
o’ —ion

on, ¢ is hydrodynamic drag (per
unit |
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|s: uniform rotation or stretching

* Non-affine models: macroscopic strains vary from one
region to another
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Shear Modulus for Networks

Affine, thermal-entropic (AT)
Gya ~ K/§4 E Wz

Modulus depends strongly on x-linking
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Non-affine (NA)

Low poly conc, high x-linking (low |,)

Gur N’dp/lecz

polymer concentration

Affine, mechanical (AM)

Filament segments (small |,) behave as rigid rods with modulus

Gau Nﬂ/§2~l//
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