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(Geometrically frustrated self-assembly of trapezoidal puzzlemers

Michael Wang!, Isaac Spivak?, Greg Grason!

I Department of Polymer Science and Engineering, University of Massachusetts, Amherst, MA
> Department of Physics, University of Michigan, Ann Arbor, MI

Open-boundary assemblies and geometric frustration Energetics of finite-sized 2D sheets of puzzlemers Morphologies and size control of 2D sheets
Stretchi Rotation/Bendin . |
<—re C_»lng i~ / " Increasing width Shape Bending Stretching Shearing
- - Ko B Y, Y,
) 15, T Y
Continuum elastic theory : Bulk T
E:j:] Displacements u,, u, and rotations w o
, , S Tall  —
o 1 ou 1 ou wn ] bli ]
. e — / / dedy | =Y, =) +2Y, Z 4 = .S 1] ASSEIIDIIES | Metastable B.
5 2 ox 2 oy é; 7 . > width, W ~ f(a,w) V.
* Particles cannot fit together perfectly on a large scale = 1 9 2 4 I\ 2 = § > oy = V3/2 y
e Strain accumulates as the structure deforms to bind new ticles to its bound - H + =Y, (—=2L—-vy]| +=Y, == 3 — B
particles to its boundary o , - i S ~ height, H ~ g(op)1/ 22
= 2 Ox 2 Ay O Wide/curved t , G, IR\ 3
5 Lo N1, (ow)?] g e N
+§ "\ ox LT 27V \ oy = 15 Key to controlling sizes
ol | ” Neighbor interactions that are resistant to
i Shearing bending but weak to stretch and shear
! C . % 0.5 1 15 —_ [~
) OTPTESSION : Horizontal cohesion, o, |—| “:::D |—I |
v C I~
S~ 2+ 21— 23 L ,, Escaping frustration:
O ho W SR e + 1 - 2 tanh BT
L J L o v mwh 2w J
AANTAN N L Surface energy Excess energy densit
' ' ' ' ' l l ' ' density sy Y
e ; Nabila Tanjee,Doug Hall, Kyle Sullivan e Simulations Analytical approximation
Tyukodi et al., arXiv:2109.01174 25 - e v : : Y | —— o .

Tall structures —

BT I T I T I T T Iy

~
o
~—

Tuning frustration with trapezoidal puzzlemers "
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Modes of escaping frustration (e.g. buckling, defects)
Effect of temperature (thermodynamics of GFAs)
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Active self-assembly (IRG 1 + IRG 2)
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Experimental realization of trapezoidal puzzlemers with DNA origami colloids




