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Microfluidic flow-focusing devices were fabricated in PDMS (Sylgard 184, Dow 

Corning, USA) or polyurethane (PU) elastomer (custom synthesized) using standard 

photolithographic procedures (1).  Photolithographic masters were prepared with features 

of SU-8 photoresist (MicroChem, USA) in bas-relief on silicon wafers.  The height of 

channels ranged from 25 to 200 µm and the orifice width ranged from 20 to 100 µm. 



 2

Liquids were supplied to microfluidic devices via polyethylene (Intramedic, USA, 

PE60, I.D. 0.76 mm, O.D. 1.22 mm) or polyethyleneterephthalate (Hamilton, USA, I.D. 

0.71 mm, 1.17 mm O.D.) tubing attached to syringes operated by digitally-controlled 

syringe pumps (Harvard Apparatus, USA, PHD 2000 series).  We controlled the flow of 

fluids to microfluidic channels using independent syringe pumps.  To ensure stable 

droplet formation, after changing the flow rates, the MFFD was equilibrated for at least 3 

minutes. 

 

Thermal Setting Experiments.  High-gel strength agarose (EM Sciences, T0=37 

°C – gel strength of a 1.5% solution >3,200 g/cm2) and low melting bismuth alloy (T0=47 

°C, composition: Bi(45%), Pb(23%), Sn(8%), Cd(5%), In(19%), Small Parts, USA, Part 

B-LMA-117,) were used as received.  In thermal setting experiments, we used solutions 

of high gel-strength agarose (2% w/w) as the dispersed phase and a solution of span 80 

surfactant (3% w/w) in hexadecane as the continuous phase.  For experiments with 

solder, we used low melting point solder as the dispersed phase and hexadecane as the 

continuous phase.  We controlled the temperature of the syringe and needle containing 

the agarose (solder) reservoir with flexible heating tape (Omega, USA).  In thermal 

setting experiments with agarose, the delivery syringe/needle was heated to 85 °C; for 

solder, to 90 °C.  We controlled the temperature of channels by placing the microfluidic 

device on Peltier plates (TE Technology, Inc., USA), and imaged experiments through a 

Leica optical microscope (Leica, USA) connected to a Motic digital camera (Motic, 

USA). 
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In a typical experiment, a solution of agarose (3 wt %) – the non-continuous phase 

– was heated to 90 °C and introduced into a MFFD fabricated in PDMS at a flow rate of 

between 0.1-5 mL/hr.  All of the channels used in thermal setting experiments had a 

uniform height that varied between 30-120 µm; the width of the inlet channels for the 

continuous and dispersed phases was 150 and 250 µm, respectively. The width of the 

orifice was 30-60 µm. The actual dimensions varied from the designed values by < 3 µm. 

A solution of span 80 in hexadecane (3 wt %) – the continuous phase – was introduced at 

a flow rate of 0.1 to 10 mL/hr.  The first half of the flow channel was heated to 90 °C on 

a Peltier plate; the second half of the flow channel was cooled to 20 °C on a second 

Peltier plate.  The droplets generated at the orifice of the MFFD gelled as they traveled 

down the main channel. The device produced particles at a frequency of ~1000/sec. 

 

Photopolymerization Experiments TPGDA, DVB, EGD, pentaerythritol 

triacrylate, 1-hydroxycyclohexyl phenyl ketone, 4-cyano-4’-pentylbiphenyl, dioctyl 

phthalate and SDS were purchased from Aldrich Canada and used as received.  

Dimethacrylate oxypropyldimethylsiloxane was purchased from Gelest (Gelest, USA) 

and used as received.  Quantum dots were synthesized as described by Hines et al. (2).  

Photopolymerization experiments were carried out in a MFFD fabricated in PU with a 

wavy channel to maximize the residence time of particles in the microfluidic channels.  

We photopolymerized particles in the wavy channel using a UV lamp (UVAPRINT 

40C/CE, Dr. K. Hönle GmbH UV-Technologie, Germany) with an output of 400 W at a 

wavelength of 330-380 nm.  Experiments were imaged used an Olympus BX51 

microscope (Olympus, USA) and a high-speed camera (Photometrics CoolSNAR ES). 
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In a typical experiment, a 4 wt % mixture a 1-hydroxycyclohexyl phenyl ketone 

(photoinitiator) in a monomer was used to generate droplets in an aqueous solution of 

SDS (2 wt %) in the orifice of an MFFD.  The polymerization time was controlled by the 

flow rate of droplets and the time needed to achieve full monomer conversion, and was 

typically between 15 and 800 sec. Discoid particles were obtained by 

photopolymerization of TPGDA droplets with volume 6.2 x 10-6 mL in the outlet channel 

with height 48 µm. Rod particles were obtained by photopolymerization of TPGDA 

droplets with volume 6.15 x 10-6 mL in the outlet channel  with height and width 86 and 

100 µm, respectively. 

 

 

 

 

References for Supplemental Section 

 

1. Y. Xia, G. M. Whitesides Angew. Chem. Int. Ed. 37, 550 (1998). 

2. M. A. Hines, P. Guyot-Sionnest J. Phys. Chem. B. 100, 468 (1996). 


