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Composition Outcome Phase Transition 
Temperature (°C) 

Temperature set points (°C) 

Liver PC DIBs 551 25, 42, 50, 55, 60, 68, 69 

Egg PC DIBs 411 25, 42, 55, 65 

Liver PE DIBs  741 55, 60, 65, 70, 75 

Brain PS DIBs 681 25, 50, 60, 65, 69 

Liver PI No DIBs 40.92 25, 35, 45, 60, 69 

1:1 PC:PS DIBs No data 25, 35, 68, 69, 70, 75, 80, 85 

1:1 PS:PE DIBs No data 70, 75, 80, 85, 90 

4:1 PC:PS DIBs No data 50, 60, 65, 70, 75 

1:1 PC:PE DIBs No data 25, 35, 45, 50, 55 

1:1:1 PC:PE:PS DIBs No data 25, 35, 45, 50, 55, 60, 65, 70 

4:4:1 PC:PE:PS DIBs No data 25, 30, 35, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90 

4:4:1:1 PC:PE:PS:PI DIBs No data 25, 37, 55, 70, 75, 80, 85 

Table S1. Overview of the experimental conditions tested. The naturally derived 
phospholipids and phospholipid formulations used for DIB formation. Their Tm values are given 
where available. “No data" is indicated for the phospholipid formulations as only the Tm values for 
individual lipids are reported in the literature. The temperatures given indicate the set points of 
the heating platform during DIB formation.3 Successful formation at each specific temperature is 
indicated by green text and unsuccessful by red text. In the bespoke formulations, the biological 
source of PC, PE and PI is liver, and that of PS is brain. 
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Figure S1. “Meltiness” of DIBs. DIB formation using DPhPC (10 mg/mL, pH 7.59, HEPES 
buffer) in a squalene mobile phase. Magnification: 2x/0.10. The image on the left was taken at 
22°C and the image on the right was taken at 40°C. Arrows indicate example sites of DIB 
formation. DPhPC forms DIBs at a range of temperatures, but they only “melt” above 40°C. 
DPhPC has been observed in a liquid phase over a large temperature range (-120°C to 120°C)4 
and so is in a liquid phase in all of our experiments. This along with our other “meltiness” data 
indicates that a temperature above the melting point (Tm) is necessary to observe “meltiness,” but 
that the lipid also has to be cylindrical. 
 
 

Composition Average Half 
Contact Angle (°) 

Average IFT 
(mN/m) 

Membrane Lateral 
Pressure (mN/m) 

4:1 PC:PS 37.00 11.7 2.35 ± 0.05 

4:4:1 PC:PE:PS 48.62 11.6 3.92 ± 0.86 

4:4:1:1 PC:PE:PS:PI 51.73 10.8 4.13 ± 0.23 

Table S2. Measured values for membrane lateral pressure calculations. Average half DIB 
contact angles, average interfacial tension values (IFT), and calculated membrane lateral 
pressures are provided for each phospholipid formulation.  
 
 
Equation S1. Normalization of DIB formation rate data. 
The DIB diameter and droplet circumference were measured over time as shown in Figures S3 
and S4. The ratio of the DIB diameter to the droplet circumference (X) was calculated and each 
dataset (i.e. the ratio over time for each DIB measured) was normalized to a percentage (X’) using 
the equation shown below. This allowed for direct comparison between replicates by accounting 
for minor variations in droplet size.  
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Figure S2. Fluorescein intensity measurements. Fluorescence intensity was measured over 
time using regions of interest (ROIs) in the centre of each droplet (shown as coloured squares in 
the image above). Background fluorescence intensity measurements were taken using ROIs in 
the channels near the droplets and were subtracted from the intensities measured inside the 
droplets. The table shows representative raw and treated data.  
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Figure S3. Artificial cell membrane diameter measurements and surface area calculations. 
DIBs were approximated as ellipses to allow for calculation of membrane surface area. DIB 
diameters were measured in NIS Elements AR as shown above (red line between droplets 
defined between blue crosses). This diameter and the depth of the channel (measured with a 
DekTak profilometer to be 55 μm +/- 2 μm) were used to calculate the artificial cell membrane 
surface area. The table shows representative raw and treated data. 
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Figure S4. Droplet circumference measurements and volume calculations. Droplets were 
approximated as ellipsoids to enable calculation of droplet volume. The semiaxes of each droplet 
were measured in NIS Elements AR as shown above in the fluorescent droplet (blue lines from 
the centre of the droplet to the edges, red ellipse around the droplet). The semiaxes and the depth 
of the channel were used to calculate the droplet volume as well as the droplet circumference. 
The table shows representative raw and treated data. 
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Figure S5. DIB stability over time. DIBs formed using DPhPC (10 mg/mL, pH 7.59, HEPES 
buffer) at times a) 0 h, b) 1 h, c) 2 h, d) 3 h and e) 3.75 h. The continuous phase was squalene. 
Magnification: 2x/0.10. Arrows indicate example sites of DIB formation, showing the DIBS are 
extremely robust over time despite droplet evaporation.  
 
Video S1. DIB formation 
DIB formation using 4:4:1:1 PC:PE:PS:PI (10 mg/mL, pH 7.59, HEPES buffer) in a squalene 
mobile phase.  
 
Video S2. Droplet merging in squalene 
DIB formation using 4:4:1:1 PC:PE:PS:PI (10 mg/mL, pH 7.59, HEPES buffer) in a squalene 
mobile phase at room temperature. When not heated to the appropriate temperature, DIBs fail to 
form and aqueous droplets merge.  
 
Video S3. Controlled droplet stopping 
DIB formation using 4:1 PC:PS (10 mg/mL, pH 7.59, HEPES buffer) in a squalene mobile phase 
at 69.9°C. The fast-response pressure pump allows for precise control over droplet location on 
the rail. 
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Video S4. DIB formation and “melting” 
“Melty” DIB formation using 1:1 PC:PS (10 mg/mL, pH 7.59, HEPES buffer) in a squalene mobile 
phase at 70.0°C. DIBs form and melt in the video. 
 
Video S5. DPhPC DIB formation, melting, and separation 
DIB formation using DPhPC (10 mg/mL, pH 7.59, HEPES buffer) in a squalene mobile phase at 
40.0°C. DIBs form, melt, and separate as the oil flow pushes the droplets toward the outlet of the 
microfluidic device. 
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