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OUTLINE & SCOPE

Soft condensed matter physics is generally regarded as mainly
classical (h=0) because it is typically concerned with objects at the
nanoscale or larger.

Some categories where QM plays a role include:

(1)direct interplay between electrons and soft
matter properties:;

(2) quantum models for classical behavior:;

(3) experimental tools to probe soft matter
that rely in an essential way upon QM.




ELECTRONS AND SOFT MATTER

o BATTERIES, PHOTOVOLTAICS, FLEXIBLE ELECTRONICS where
polymers are essential elements

o COORDINATION CHEMISTRY EFFECTS WITH TRANSITION
METAL TONS AND SOFT MATERIALS....flexible lighting

o COMPENSATION OF ELECTRONIC CHARGES BY IONIC
CHARGES IN AQUEOUS MEDIA.....screening of Schottky barrier
by dissolved salts in doping of conjugated polymers

o CONDUCTIVITY OF CONJUGATED POLYMERS...hopping

o ELECTRON COUPLING TO BENDING MODES IN d=2..grapheme,



TOY MODEL

o TIGHT BINDING TT ELECTRON HOPPING MATRIX
ELEMENT t.....all or nothing

g(k) = 4tsin®(k/2), £ is number of monomers per rigid
p1t
= p=123..7 segment
- 7+1'F

Rigid segment---
o Loss of configurational entropy aT/rigid bond analogous to polaron



CONFORMONS AT LOW DOPING-RESULTS

For r electrons (spinless for simplicity) in a conformon:

o Optimal conformon length ,

o Using transfer matrix method to do stat mech for
concentration ¢ of electrons:

3al,
: For Isolated one electron conformons
2 o o %
* For [BXd There are EBEMERE conformons each containing [ (%)

electrons. The chain stiffens and swells considerably.




o HUBBARD MODEL FOR HYDROGEN BOND
NETWORKS



i OXYEEN negative

———  hydrogen bond

—— hydrogen positive

WATER STRLUCTURE

Meleculas ol walsr join bogsthar transisnty

If & hydrogen:bonded lattios. Evan at 37°C,
15% ol tha wakar molscules are joinasd (o

four cthars In a short-llvad assembly knaown
as & “flickedrgg clustar, ©

Tha cobesiva naiure of walar iz
responsibls far marmy of 1ts unusual
properiles, such as high surace isnsion,
sp=<ific haat, and haat of vaporizadon.



H Bonds

Crystalline Fields Break Rotational Symmetry



Crystal field basins [§] may be
occupied by (0,1) protons.

Strong Coulomb Repulsion

Spinless Fermions



s-p hybridiztion Us>Vv

2H,0 *— OH- + H,0*

104 ions/cm3 => U~20 kT



Hydrogen Bonds and the Hubbard Model

B OH

® Ho

S Treat basins as Fermion states
2 tis matrix element to
transfer a proton from one basin

to another associated with a
nearest neighbor O- -

H-bond energy ~ -12/V ~ Bk,T

t ~ 10k;T  Intermediate Coupling

H Bond is proton resonating between two waters

Hydrophobic Interaction



Quantum Soft Matter Probes

o Magnetic resonance techniques

= Dynamic Overhauser effect to
study motions

o Neutron scattering techniques



Spin-Echo Small-Angle Neutron Scattering (SESANS)

Elastic scattering technique to investigate structure

Real space correlation function
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Differential Interference Contrast Schematic
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SESANS & SANS Measure Different Transforms of the
Debye Correlation Function




o PMMA ¢,=40%
o PMMA ¢,=40% + PS (M, =900k) 0.2%wt
¢, = 40% Hard Sphere
—— ¢, =40% Hard Sphere + Depletion Force




We are usually completely wrong in
predicting the future in science.
However while waiting for
unexpected discoveries, I believe

that these categories merit some
exploration.

Thanks for listening!



