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Spider silk fibers: 

• Tensile strength of spider silk ~ 0.45 – 2.0 GPa (Kevlar’s 
3.6 gigapascals).  

• Spider silk toughness factor ~ 180 megajoules/meter 
compared to Kelvar’s toughness factor of 50 
megajoules/meter.

Macroscale

Nanoscale

→ Enhanced mechanical properties: it is not only chemistry; it is the way materials are structured

F. J. Martin-Martinez, K. Jin, D. López Barreiro, M. J. Buehler, ACS Nano 2018 12 (8), 7425-7433

Importance of Controlling Structure across Various Scales



✓ Temperature insensitivity

✓ Spatial and temporal control

✓ High printing resolution

✓ Well-defined structure

Photo-curing 3D Printing – DLP, SLA

K Jung, N Corrigan, M Ciftci, J Xu, SE Seo, CJ Hawker, C Boyer, Adv. Mater., 2020, 32 (18), 1903850

 Poor control of the nanostructure 

3D Printing Techniques – Control of the Macrostructure



Polymerization induced microphase separation (PIMS)*
Introduced by Seo and Hillmyer

Nanostructure Control in 3D Printed Materials

* Non 3D printing process: Seo and Hillmyer: M. Seo, M. A. Hillmyer, Science 2012, 336, 1422– 1425
Review: K. Lee, N. Corrigan, C. Boyer, Angew. Chem.Int. Ed. 2023, 62,  e202307329

Nanostructured Materials via PIMS



Polymerization induced microphase separation (PIMS)*

Reactive 

polymers

Monomer

Crosslinker

3D Printing Techniques – Control of the Macrostructure



Polymerization induced microphase separation (PIMS)*

3D Printing Nanostructured Polymeric Materials

Reactive 

polymers

Monomer

Crosslinker

Nanostructured Materials via PIMS



Polymerization induced microphase separation (PIMS)*

3D Printing Nanostructured Polymeric Materials

Reactive 

polymers

Monomer

Crosslinker

Nanostructured Materials via PIMS



V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer, Adv. Mater. 2022, 34 (4), 2107643
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1. Resin: fully soluble

2. Fast polymerisation kinetics 

Valentin Bobrin 

Resin components

MacroCTA, PBA-CTA

Photoinitiator, TPO

Monomer, AA

Cross-linker, PEGDA250

Conditions



Control of the Macrostructure of 3D Printed Objects Control of the Macrostructure



Control of the Macrostructure of 3D Printed Objects 

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer, Adv. Mater. 2022, 34 (4), 2107643

Nanodomains

• Black domain soft polymer

• Brown domain rigid polymer
Atomic Force Microscopy - PeakForce QNM modulus map



Control of the Macrostructure of 3D Printed Objects 

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer, Adv. Mater. 2022, 34 (4), 2107643

Nanodomains

SAXS 
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Unpublished data – in collaboration with

When are the nanodomains formed? 



Unpublished data – in collaboration with

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

0s
5 s
10 s

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

15 s

0s
5 s
10 s

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

15 s
20 s
25 s

0s
5 s
10 s

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

15 s
20 s
25 s
30 s

0s
5 s
10 s

35 s

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

15 s
20 s
25 s
30 s

0s
5 s
10 s

35 s
40 s
45 s

0.03 0.04 0.06

1

q (Å-1)

In
te

n
s
it

y

15 s
20 s
25 s
30 s

0s
5 s
10 s

35 s
40 s
45 s
50 s
60 s
120 s

Dr Jitendra Mata Prof Vanessa Peterson 

When are the nanodomains formed? 
Kinetics Study of Photo-PIMS via in-situ SANS 



Unpublished data
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Kinetics Study of Photo-PIMS via in-situ SANS 
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How Can We Control the Size and Morphology of Nanodomains? 

➢ MacroCTA polymer topology➢ MacroCTA (Reactive polymer) content

➢ Reactivity of RAFT end-group MacroCTA

Inert polymer

➢ MacroCTA molecular weight



Control of the Macrostructure of 3D Printed Objects 

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer, Adv. Mater. 2022, 34 (4), 2107643

Control of the Nanodomains – Macro-CTA content

• Black domain soft polymer

• Brown domain rigid polymer
Atomic Force Microscopy - PeakForce QNM modulus map



PBA24-CTA PBA48-CTA PBA94-CTA

PBA180-CTA PBA360-CTA

60 nm

60 nm

60 nm 60 nm

60 nm 60 nm

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer Nat. Commun. 2022, 13(1), 357

Effect of Macro-CTA Molecular Weight

60 nm

PBA522-CTA

PBA24-CTA



60 nm

60 nm

60 nm 60 nm

60 nm
60 nm

X. Shi, V. Bobrin, Y. Yao, J. Zhang, N. Corrigan, C. Boyer Angew. Chem. Int. Ed. 2022, e202206272

Effect of Macro-CTA Architectures

Elongated/Bicontinuous Bicontinuous Phase-inverted



≥ > >

Mn = 12 000 g/mol

PBAn-CTA

Y Xiu, VA Bobrin, N Corrigan, J Zhang, C Boyer, Macromolecular Rapid Communications, 2023, 2300236

Reactivity of RAFT end-groups

Effect of RAFT Eng-Group Reactivity
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Multi-materials with Enhanced Properties

Compression Test of objects 3D printed using PIMS and non-
PIMS resins)
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Multi-materials with Enhanced Properties

Swelling test of objects 3D printed using PIMS and non-PIMS resins)Compression Test of objects 3D printed using PIMS and non-
PIMS resins)

Hydrophobic block Hydrophilic block



Ion-exchange materials

Dye absorbed by complex gyroid

23

Impact of Nanostructured 3D Printed Materials

K. Lee, Y. Shang, V.A. Bobrin, R. Kuchel, D. Kundu, NCorrigan, N., Boyer, C. Adv. Mater. 2022, 34, 2204816.

V. Bobrin, H.G. Hackbarth, Y. Yao,, N. Bedford, J. Zhang, N. Corrigan, C. Boyer, Adv. Sci. 2023, 2304734

Mechanically robust 

solid polymer electrolyte

Customised nanoporous 

inorganic materials

Valentin Bobrin 

Wednesday 11.15am-11.30am – Room Coromandel
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Dr Valentin Bobrin, Customized Nanostructured Ceramics via Microphase 
Separation 3D Printing
Wednesday 11.15pm-11.30pm – Room Coromandel

Md Aquib, Effects of Amphiphilic Terpolymer Topology on Antibacterial Activity 
and Hemocompatibility
Wednesday 16.40am-16.55am – Room Millennium Ballroom

Hatu Gmedhin, Precision Engineering of Antifungal Polymers: Optimizing 
Selectivity through Sequence Design
Wednesday 16.40am-16.55am – Room Millennium Ballroom

Group talks



Bobrin, V. A., Lee, K., Zhang, J., Corrigan, N., Boyer, C. Nanostructure Control in 3D Printed Materials. Adv. Mater. 2022, 34 (4), 2107643.
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Polymerization induced microphase separation (PIMS)*

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer, Adv. Mater. 2022, 34 (4), 2107643

3D Printing Nanostructured Polymeric Materials

Reactive 

polymers

Monomer

Crosslinker

χN - Segregation strength (fA) - Volume fraction of block A

Nanostructured Materials via PIMS



Control of the Macrostructure of 3D Printed Objects Control of the Macrostructure

Examples of 3D printed materials using PIMS



V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer Nat. Commun. 2022, 13(1), 357

Effect of Macro-CTA Molecular Weight
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V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer Nat. Commun. 2022, 13(1), 357

Effect of Macro-CTA Molecular Weight

Domain size



PBA24-CTA PBA48-CTA

60 nm

60 nm

60 nm

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer Nat. Commun. 2022, 13(1), 357

Effect of Macro-CTA Molecular Weight
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PBA24-CTA PBA48-CTA PBA94-CTA

60 nm 60 nm 60 nm

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer Nat. Commun. 2022, 13(1), 357

Effect of Macro-CTA Molecular Weight
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PBA24-CTA PBA48-CTA PBA94-CTA

PBA180-CTA PBA360-CTA

60 nm

60 nm

60 nm 60 nm

60 nm 60 nm

V. Bobrin, K. Lee, J. Zhang, N. Corrigan, C. Boyer Nat. Commun. 2022, 13(1), 357

Effect of Macro-CTA Molecular Weight
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Mechanical properties nanostructured materials vs non-PIMS (non-phase separated)

Tensile testingCompression testing

34

Mechanical 
properties

Material

PIMS Non-PIMS

Young’s modulus 
(MPa)

0.4 ± 0.1 0.1 ± 0.04

Modulus of 
resilience (kJ m-3)

12.2 ± 2.5 1.2 ± 0.8

Toughness (MJ m-3) 1.0 ± 0.2 0.3 ± 0.05

Mechanical 
properties

Material

PIMS Non-PIMS

Stress (MPa) 40.7 ± 1.1 26.9 ± 1.6 

Strain (%) 71.2 ± 4.6 50.8 ± 1.3 

Toughness 
(MJ m-3)

24.9 ± 2.0 12.0 ± 1.1 

Multi-materials with enhanced mechanical properties
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Multi-materials with Enhanced Properties

Compression Test of objects 3D printed using PIMS and non-
PIMS resins)



36

Multi-materials with Enhanced Properties

Swelling test of objects 3D printed using PIMS and non-PIMS resins)Compression Test of objects 3D printed using PIMS and non-
PIMS resins)

Hydrophobic block Hydrophilic block
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Swelling test of objects 3D printed using PIMS and no-PIMS 
resins

Xiaobing Shen 

Nanostructured materials
Non-nanostructured materials

Nanostructured materials
Non-nanostructured materials

Hydrophobic block Hydrophilic block

X. Shi, V. Bobrin, Y. Yao, J. Zhang, N. Corrigan, C. Boyer, Angew. Chem. Int. Ed. 2022, e202206272
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4D Object – An actuator 3D printed using PIMS resins

Xiaobing Shen 

Nanostructured materials

Non-nanostructured materials

3D printed Multi-materials

X. Shi, V. Bobrin, Y. Yao, J. Zhang, N. Corrigan, C. Boyer, Angew. Chem. Int. Ed. 2022, e202206272
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Impact of Nanostructured 3D Printed Materials

1. Bobrin, V. A., Lee, K., Zhang, J., Corrigan, N., Boyer, C. Adv. Mater. 2022, 34 (4), 2107643. 2. Bobrin, V. A., Yao, Y., Shi, X., Xiu, Y., Zhang, J., Corrigan, N., Boyer, C. Nat. 

Commun. 2022, 13 (1), 3577. 3. Lee, K., Shang, Y., Bobrin. V. A., Kuchel, R., Kundu, D., Corrigan, N., Boyer, C. Adv. Mater. 2022, 34, 2204816. 4. Bobrin, V. A., Hackbarth, H. 

G., Yao, Y., Bedford, N. M., Zhang, J., Corrigan, N., Boyer, C. Customized Nanostructured Ceramics via Microphase Separation 3D Printing. Adv. Sci. 2023, 2304734

Multi-materials with enhanced 

mechanical properties

Mechanically robust 

solid polymer electrolyte

Customised nanoporous 

inorganic materials

Compression Tensile
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