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Colloidal membranes are composed of rod-like viruses

l twist penetration depth
E—

@ Left: fd virus', 870 nmx 6 nm
@ Center: DIC image 2, scale bar =5 um
@ Right: Color indicates angle relative to normal®

"Model and Russel, The Bacteriophages. R.New York:Plenum (1988)
2Gibaud et. al, Nature 481, 348 (2012)
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Polymer depletant induces attractive forces

First described by Asakura and Oosawa (1954)
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Polymer depletant induces attractive forces

First described by Asakura and Oosawa (1954)
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Colloidal membranes are familiar and different

LIPID BILAYER MEMBRANES
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Colloidal membranes exhibit diverse phenomena

Chiral edge fluctuations Unduloid formation

Ribbon force vs. extension
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Mathematical model

Canham-Helfrich energy models membrane bending

Ecn = g/(2H)2dA + H/KdA + u/dA
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http://www.aliasworkbench.com/theoryBuilders/TB7_evaluate3.htm

Mathematical model

Canham-Helfrich energy models membrane bending

Ecm = g/(2H)2dA + & | KdA + u/dA

@ Mean curvature (k ~ 105kBT)}
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Mathematical model

Canham-Helfrich energy models membrane bending

Ecn = g/(2H)2dA + & | KdA + u/dA

@ Mean curvature (k ~ 105kBT)} /

@ Gaussian curvature (7 ~ 10%kgT)
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Mathematical model

Canham-Helfrich energy models membrane bending

ECH—§/2H dA+/<c/KdA+u dA

@ Mean curvature (k ~ 105kBT /

@ Gaussian curvature (i ~ 10%kgT)
@ Lagrange multiplier

-
-ve curvature
flat
curvature h

+e

N{t!w&'

+ve curvature

+ve curvature +ve (UrV:qur(‘

Image: Website, Autodesk Alias Workbench

Chiral edge fluctuations August 6, 2018

6/20


http://www.aliasworkbench.com/theoryBuilders/TB7_evaluate3.htm

Mathematical model

Entropy favors positive Gaussian curvature modulus
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Mathematical model

Line tension limits membrane perimeter

ELTz’y/dS

~ can depend on
@ depletant concentration
@ temperature
@ chirality
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Mathematical model

Frank energy models liquid crystalline (LC) order

EF:1/[K1(V~7%)2 + Ka(i - (V x 2) =) + Ks( x (V x 7))?
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Image: S. Copar, Physics Reports 538, 1 (2014)
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Frank energy models liquid crystalline (LC) order

EF:1/[K1(v.m2 + Ka(i - (V x 2) —9)? + Ks(f x (V x 2))?
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Mathematical model

Frank energy models liquid crystalline (LC) order

2
+csin29}dA

Ep = 1/[K1(v.ﬁ)2 + Ko(n-(V xn) —q)? + Kz(fx (V xn))?
@ /K, /C defines the twist penetration depth A
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Mathematical model

An effective term accounts for the LC bend

- -

,"’,‘_'—_t‘\
,,‘/z' - . T AN
o, . L0 M

/i

Chiral edge fluctuations

August 6, 2018 10/20



Mathematical model

An effective term accounts for the LC bend
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Mathematical model

An effective term accounts for the LC twist

The chirality ¢ is represented as an inherent geodesic torsion 7.

Th"ql“p'”H .<N dN)_q
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Mathematical model

An effective term accounts for the LC twist

The chirality ¢ is represented as an inherent geodesic torsion 7.

Th"ql“p'”H .<N dN>_q

27 /q

Ky . ) B’ "
2 [0 i) - apav = T [, - s

We define the effective chirality modulus ¢* = —B'7.
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Mathematical model

Membrane shapes are found by minimizing energy

B B
E:/ [”(2H)2+F;K+u}dA+/ v+ =k +
sL2 as 2

!/

2

2 *
Ty + Tyl ds

3Website, “The geometry of soap films and soap bubbles”

4Website, “An ant rolling a sphere of water across the surface of a garden pond”

5Website, “Willmore Day at Durham” (Blog of Kevin Houston)
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Mathematical model

Membrane shapes are found by minimizing energy
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Euler-Lagrange equation:
w(V2H 4 2H? —2HK) — uH =0
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Mathematical model

Membrane shapes are found by minimizing energy

B B
E:/ [”(2H)2+RK+u}dA+/ v+ =k +
sL2 as 2

/

2

2 *
Ty + Tyl ds

Euler-Lagrange equation:

w(V2H 4 2H? —2HK) — uH =0

Solutions: minimal surfaces®, CMC surfaces®*, Willmore surfaces®

3Website, “The geometry of soap films and soap bubbles”

4Website, “An ant rolling a sphere of water across the surface of a garden pond”

5Website, “Willmore Day at Durham” (Blog of Kevin Houston)
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Chiral edge fluctuations

Outline

0. Motivation and mathematical model

I. Chiral edge fluctuations [I. Unduloids
w/ M. J. Zakhary, Z. Dogic. R. A. Pelcovits, and T. R. Powers

Y

I1l. Force vs. extension
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Chiral edge fluctuations

Temperature quench induces disk-to-ribbon transition

Temperature

Scale bar = 2um

Image: Gibaud et. al, Nature 481, 348 (2012)

Chiral edge fluctuations August 6, 2018 14/20



Chiral edge fluctuations

Edge fluctuation spectrum exhibits an anomalous peak

Data and photo: Mark Zakhary

Chiral edge fluctuations August 6, 2018 15/20



Chiral edge fluctuations

Perturb a disk with a helical ripple

B
Eflat =2nRy + ?ﬂ-
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v+ 5132 + 773 + c'1y | ds
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Chiral edge fluctuations

Flat membane is unstable when ¢* or & is large
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Chiral edge fluctuations

Peak forms near instability with chirality
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Chiral edge fluctuations

Peak forms near instability with chirality
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Conclusion & Acknowledgements

Conclusion

@ Out-of-plane fluctuation spectrum displays an anomalous peak in
chiral samples

@ Peak corresponds to onset of instability and grows as chirality
and/or Gaussian curvature modulus increase

@ Our effective model that accounts for liquid crystalline order
through geometric properties of the edge quantifies the
coupling of in- and out-of-plane fluctuations to produce the peak
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