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Soft Matter

Why is it called “ Soft Matter “ ?
Softness — Fluctuations are important!

What determines the amplitude of fluctuations?

The thermal energy

What is k?

The Boltzmann constant.

KgT

O.k., this is the name of kg, but what is kg?

Hint: What is the unit of k;? [kB]:%

Free energy F F=U —TSH
/

internal energy

— kg is the “unit” of the entropy,
it relates the entropy with the

entropy  T_gcale

- entropic contributions are essential for soft matter
example: polymer chain as an entropic spring
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Harmonic Oscillator as Most Simple Example

Oscillator with an external force Fz  F = —-kx+F -
Equilibrium Position with F. F=0= x= ?E

“Linear Response Theory”

Relaxation process: Introduce a speed dependent friction force —bd—X

dt
—kx—b%:o = x(t):xoexp(—ij T:E
4

dt k
(overdamped system)

Frequency dependent measurements: external force F: cos (k)

—kx—bj—)t(Jr F. cos(awt) =0 = x(t)=x,cos(at—d)
F
= tan(CI))szwza)z' X' =x,c0s(D) :% Debye process
1+ o't
"
T
" = I(
- o) =— /K
X" =Xx,sin(®) s
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Harmonic Oscillator as Most Simple Example

Energy U, = %kx2

Additional interaction U =-Fx = U=U,+U,

New equilibrium position? au _ 0 = X= R “Linear Response Theory”
dx

Fluctuations: Equipartition theorem (U, )= %kBT (x*)= kBTT

Fluctuation dynamics: Langevin Equation in a harmonic potential:
X(t")x(t"+t
(x(t)x(t' +1)), :exp(_ij
() v

»Fluctuation Dissipation Theorem“
Fluctuation measurements and Dissipation (Relaxation)

measurements have the same information content.

Parameters of Interest:

Static properties: Susceptibility
Dynamic Properties: Relaxation Time
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Scattering Measurements

Thermodynamic system: Use the free energy instead of the energy
Free energy density for a fluctuation AA(J) of the thermodynamic
variable A with wave vector § 2

1 o°f

flAA(G) |= f| AA(G)=0 [+=

[AA@)]= (2@ =0)+ 5

2

o ere f
Susceptibility: k(g)= (g 1 0

AA(d)’ +0| AA(a)’|

AA(G)=0

AA(G)=0

2
Restoring ,force”: K(q)= of _ _Jf

MA(G)  aA®E) ],
Friction: b(J) Relaxation time: 7(§
t

Relaxation Measurements:  AA(d,t)=AA(G,t=0)exp [—
Frequency dependent measurements: Debye process

(AA(G.U)AA(G. ' +1)) exp[_

t
(AA()") 7(d)

Fluctuation Measurements (DLS):
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