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How Does Nature Inspire Design?

Unity within Diversity @ Hierarchy Across Linear Scales
Multitasking Monomers @ Self Organization
The Optimal Activator Composite Construction

Functionally Graded Materials

Shape is Strength @

Taking Advantage of Gradients @ Water is the Universal Medium

Bottom -Up Construction

ORCECRACORS,

Martin Mulvihill, Justin Bours, Berkeley Center for Greel
Chemistry, and Tom McKeag, BioWerks (April 2015)
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Evaluation Criteria

Technical Feasibility

Hazard Potential A

Use Cases
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Technical Feasibility PR48 Resin
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Hazard Potential
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Skin Sensitization

Eye Irritation

Skin Irritation

Aquatic Toxicity

Reproductive Toxicity
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Use Cases

Current Use Cases

Experimental Use Cases

Biocompatibility
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ALTERNATIVES

|. REPLACING THE PHOTOINITIATOR

Strategy A: Curcumin & Riboflavin
. MODIFYING ACRYLATEBASED RESINS

Strategy B: Triglycerides
Strategy C: Chitosan

lll. pH PHOTOINITIATED RESINS

Strategy D: Calcite
Strategy E: Metal Ligand Complexes
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Replacing the
Photoinitiator

STRATEGY ACURCUMIN &
RIBOFLAVIN
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' STRATEGY A:
' CURCUMIN & RIBOFLAVIN §

The Optimal
Activator
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Current Riboflavin
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Modifying
Acrylate-based
Resins

STRATEGY BTRIGLYCERIDES
STRATEGY CCHITOSAN
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' STRATEGY B:
' TRIGLYCERIDES
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' STRATEGY B:
' TRIGLYCERIDES
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e Tuning physical properties of the monomers by varying
the fatty acid chains
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' STRATEGY B:
' TRIGLYCERIDES

e Diversifying polymer architecture by grafting polymers
from the fatty acid chains
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' STRATEGY B:
' TRIGLYCERIDES
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| STRATEGY B:
' TRIGLYCERIDES
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| STRATEGY C:
' CHITOSAN !
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Methacrylated glycol chitosan

Arakawa et al. 2014
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' STRATEGY C:
' CHITOSAN !

: : Methacrylate
Hazard Endpoints PR48 Resin Glycol Chitosan

Eye irritation ®

Skin Irritation ® O
Aquatic Toxicity ® ®
Reproductive Toxicity ® O

28

CONTEXT- METHODS - ALTERNATIVES- EVALUATION - CONCLUSIONS



| STRATEGY C:
' CHITOSAN

Arakawa et al. 2014
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pH-Photoinitiated
Resins

Strategy D: Calcite

Strategy E: Metal-catechol complexes

CONTEXT- METHODS - ALTERNATIVES- EVALUATION - CONCLUSIONS

30



Taking Advantage of Gradients
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| Strategy D:
, Calcite

PROPAGATION TERMINATION
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| Strategy D: i
. Calcite |

Photo Base Generator (PBG)
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| Strategy D:
' Calcite
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| Strategy E:
' Metal-Catechol Complex
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i Strategy E:
' Metal-Catechol Complex
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i Strategy E: !
' Metal-Catechol Complex |
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. Strategy E: |
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Alternatives

. REPLACING THE PHOTOINITIATOR
Strategy A: Curcumin & Riboflavin

Il. MODIFYING ACRYLATE BASED RESINS

Strategy B: Triglycerides
Strategy C: Chitosan

lll. NON-ACRYLATE RESINS via pH PHOTOINITIATION

Strategy D: Calcite
Strategy E: Metal Ligand Complexes
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EVALUATION

Technical Feasibility

Hazard Potential A

Use Cases




Technical Feasibility Comparison
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Material Hazard Comparison

B: C: D- E:
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Future Hazard Considerations

Hazard Level

mm =)

Evaluation Confidence

Adapted from
Justin Bours
(Nov 2015)
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CONCLUSIONS
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Incremental » Breakthrough
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