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3D Printer
An industrial robotic dispenser (Fisnar F5200N benchtop gantry, Wayne, NJ) was modified into a multi-head 3D printer, where up to four different inks can be loaded and independently controlled with an external I/O card and pressure regulators (Fig. S1). The printer supports standard size syringe barrels, and universal luer-lock needles. Inks were loaded in either 3 ml or 10 ml syringe barrels (EFD Nordson) that were fitted with a pneumatic piston and stainless-steel fluid dispensing tips, with size ranging from 27 to 32 gauge (GA), depending on the material viscosity and resolution required. Syringe barrels were securely mounted on the gantry arm, and distances between the adjacent tips and between the tips and the substrate were calibrated using a side-mounted stereomicroscope (OM2040-V7, Omano). For high precision printing, the barrel pressure was regulated from 5-10 kPa for aqueous inks and 0.5-2 kPa for PLGA shell inks with a digital pressure regulator (Nordson Corporation, Westlake, OH). Vacuum suction control of the regulator was used to prevent dripping of low viscosity fluids. Higher viscosity inks are independently regulated with analogue pressure regulators (Fisnar, Wayne, NJ) for multi-material printing. The distance registration was calibrated with a digital CMOS laser sensor (Keyence, Itasca, IL), and the printer stage has a maximum resolution of 1 µm per axis. Control of the 3D printer was achieved via custom-written LabVIEW programs through serial connection. Commercially available CAD software, Solidworks Premium 2014 (Dassault Systèmes, Vélizy-Villacoublay Cedex, France) was used for all modelling applications. The typical printing strategy involved the formatting of 3D CAD files into stereolithography (STL) format, followed by slicing the model into G-code coordinates. The G-code was translated to the command language of the robotic dispenser via a LabVIEW program. The capsule array pattern was programmed using Smart Robot software associated with the F5200N benchtop gantry.
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Figure S1. Multi-material 3D printer with its major components labelled.
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Figure S2. UV-Vis spectra showing LSPR peak positions of the two kinds of AuNRs with different lengths (diameter = 25 nm) in dichloromethane.
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Figure S3. Optical darkfield image showing 658 nm laser rupture of the 650 nm AuNR-functionalized PLGA film (2.5 wt%). The bright lines are the rupture area, indicating the laser track path. Laser spot size: 30 μm. Laser scan rate: 5 mm/s.
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Figure S4. Determining the optimal concentration of AuNRs in the PLGA shell for laser rupture. Optical darkfield images show ruptured lines in polymer films formed from a 2.5 wt% PLGA solution modified with varying gold nanorod concentrations in a dry state (upper row) and under hydrogel (bottom row) after 658 nm laser rupture (Laser scan rate: 5 mm/s). The 25%, 18.75%, 12.25% and 6.25% are dilutions of the stock solution of AuNRs, corresponding to concentrations of ca. 4 × 1013 mL-1, 3 × 1013 mL-1, 2 × 1013 mL-1, and 1 × 1013 mL-1 in the PLGA solution.
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Figure S5. Large area rupture of the capsule array. Composite optical micrographs showing programmed rupture with a pattern consisting of the letters “A” and “F” in a large scale capsule array. A 658 nm laser was used to irradiate the capsule array with a scan rate of 10 mm/s. The capsules were printed with cores containing HRP, and shells containing 650 nm AuNRs. 
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Figure S6. Heat transfer model. Schematic showing the physical dimension used in the heat transfer analysis during laser rupture of a single capsule printed within a hydrogel on a solid substrate. DL: laser spot size (~ 30 μm), Dp: capsule diameter (~ 200 μm), and tg: hydrogel thickness (> 1 mm).


Movie 1. This movie shows the 658 nm laser rupture of a 2.5 wt% PLGA film modified with 650 nm AuNRs, and the subsequent release of HRP from the aqueous core. The color change is due to the colorimetric reaction of the HRP enzyme with the ABTS reagent.

Movie 2. This movie shows the 3D printing of a hollow hydrogel cylinder containing alternating layers of red and blue capsules within a cylindrical wall. Hydrogel ink: Pluronic F-127, Capsule ink: emulsion of aqueous solution containing commercial food coloring dispersed into a dichloromethane solution of 10 wt% PLGA with a volume ratio of 1:4.

1

image3.tiff




image4.png
25% AuNR 18.75% AuNR 12.25% AuNR 6.25% AuNR

B |

Under Hydrogel




image5.jpeg
®
L4
®
k2
*

st
"C-j‘g





image6.png




image1.jpeg
Pressure Regulating System
s 78 "
C

Heating/Cooling Stage




image2.tiff
Rel. ABS.

—— 650 Nnm
—— 785 nm

N

400

500 600 700 800
Wavelength (nm)

900

1000




