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CFD Parameters and Simulations

Stationary Steady state studies are governed by "Incompressible Navier-Stokes" (1) and

"Continuity" (2) equations where the �nal forms assuming incompressible Newtonian �uids,

are presented below:

ρ

[
δu

δt
+ (u · ∇)u

]
= −∇p+ µ∇2 + F (1)

ρ [∇ · (u)] = 0 (2)

Where: u is the �ow velocity, ρ is the �uid density, p is the pressure, µ is the dynamic

viscosity and F represents outer forces. The outlet boundary was set to a function of pres-

sure, with p = 0 Pa.

For mass transport of dissolved (solute) species, concentration gradients will cause di�u-

sion. In addition, convection will also contribute to the �ux of chemical species by bulk �uid

motion. Therefore, we were interested in solving for the combined e�ect of both convection

and di�usion. For a dilute species:

Ni = −Di∇Ci + ciu (3)

δci
δt

+ (∇ ·Ni) = Ri (4)

Where: ci is the species concentration (mol.m−3), Ni is the molar �ux (m−2s−1), R is a

net volumetric source for the species concentration: R > 0 assumes that a chemical reaction

is creating more of the species, and R < 0 that a chemical reaction is destroying the species.

Di is the di�usion coe�cient of the species (m2/s).

With water as the working �uid, the �ow focusing device is characterized by the Flow

Rate Ratio (FRR), which is de�ned as follows:
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FRR =
Q1 +Q2

Q1

(5)

Where: Q1 and Q2 represent �ow rate of the lipid stream dissolved in ethanol and the water

�ow rates respectively (µL/min).

Table S.1: Computational Parameters used for 2D CFD Modeling and their Values.

Parameters Value(s)

Flow Rate at Inlet 1 Q1inlet = 10 [µL/min] = cst
Flow Rate at Inlet 2 Q2inlet = 40-480 [µL/min]
Fluid Density ρ0= 1,000 [kg/m3]

Fluid Viscosity µ1= 0.00195 [Pa.s]

Table S.2: Experimental Values for the width of the focused stream at channel junction (in µm)
and corresponding FRRs and �ow Rate values (in µm).

FRR Q2 [µL/mn] Q1 [µL/mn] wf [µm]

5 10 40 9.00
10 10 90 4.50
15 10 140 3.00
20 10 190 2.25
25 10 240 1.80
30 10 290 1.50
35 10 340 1.29
40 10 390 1.13
50 10 490 1.00

Table S.3: Computational Parameters used for Mesh Modeling (in 2D) and their Values.

Parameters Value(s)

Mesh Elements N = 146, 302
Maximum Element Size 0.0025 [m]
Minimum Element Size 2.32 x 10−4 [m]
Maximum Element Growth Rate 1.08
Curvature Factor 0.25
Resolution of Narrow Regions 1.00
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Figure S.1: CFD Simulations showing the 2D Velocity (left) and Concentration pro�les
(right) at the �ow focusing junction of the micro�uidic device at the given FRRs.
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Liposome Synthesis

Table S.4: Experimental Values for the time required to synthesize 1 mL of loaded/unloaded lipo-
somes at corresponding FRRs.

FRR Time

5 25 min 00 s
10 11 min 07 s
15 07 min 09 s
20 05 min 16 s
25 04 min 10 s
30 03 min 27 s
35 02 min 56 s
40 02 min 34 s
50 02 min 02 s

Table S.5: Composition of samples used for the DDAB: DPPC: EtOH and DOPG: DPPC: EtOH
liposomes synthesis experiments.

DDAB [mg] DPPC[mg] Weight Ratio

0.00 5.00 Control
5.00 5.00 1:1
0.50 5.00 1:2
1.00 5.00 1:5
0.50 5.00 1:10
0.25 5.00 1:20

Table S.6: Composition of samples used for the DDAB: DPPC and DOPG: DPPC liposomes syn-
thesis experiments.

DOPG [mg] DPPC[mg] Weight Ratio

0.00 5.00 Control
2.50 5.00 1:2
1.00 5.00 1:5
0.50 5.00 1:10
0.25 5.00 1:20
0.01 5.00 1:50

S5



0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

15 50

P
D
I

FRR

1 2 3 5

Concentration [mg/mL]:

Figure S.2: Polydispersity index (PDI) of the synthesized liposomes as a function of the FRR and

DPPC concentration [mg/mL]. The PDI values are the means of 30 repeat measurements (standard

deviations in brackets) measured 5 times on 6 di�erent concentrated liposome samples.
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Figure S.3: Automatic particle counting averaged over the microscopy areas (B1-3, C1-3) displayed

in Fig. 7. Error bars are ± standard errors.

NTA Results
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NANOSIGHT sample 2017-05-31 15-13-00
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FTLA Concentration / Size graph for Experiment:

sample 2017-05-31 15-13-00
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Averaged FTLA Concentration / Size for Experiment:

sample 2017-05-31 15-13-00

Error bars indicate + / -1 standard error of the mean

Included Files

sample 2017-05-31 15-13-10

sample 2017-05-31 15-14-15

sample 2017-05-31 15-15-07

sample 2017-05-31 15-15-52

sample 2017-05-31 15-16-39

Details

NTA Version: NTA 3.2 Dev Build 3.2.16

Script Used: SOP Standard Measurement 03-13-00PM 31~

Time Captured: 15:13:00  31/05/2017

Operator:

Pre-treatment:

Sample Name:

Diluent:

Remarks:

Capture Settings

Camera Type: sCMOS

Laser Type: Blue405

Camera Level: 14

Slider Shutter: 1259

Slider Gain: 366

FPS 25.0

Number of Frames: 374

Temperature: 25.0 oC

Viscosity: (Water) 0.9 cP

Dilution factor: Dilution not recorded

Analysis Settings

Detect Threshold: 25

Blur Size: Auto

Max Jump Distance: Auto: 8.6 - 9.0 pix

Results

Stats: Merged Data

Mean: 164.9 nm

Mode: 129.5 nm

SD: 65.7 nm

D10: 108.7 nm

D50: 144.0 nm

D90: 247.0 nm

Stats: Mean +/- Standard Error

Mean: 164.9 +/- 1.7 nm

Mode: 129.7 +/- 5.5 nm

SD: 64.5 +/- 4.5 nm

D10: 109.6 +/- 2.1 nm

D50: 143.2 +/- 2.0 nm

D90: 247.6 +/- 8.4 nm

Concentration: 1.74e+009 +/- 6.78e+007 particles/ml

88.3 +/- 3.4 particles/frame

90.6 +/- 3.4 centres/frame

(a)

NANOSIGHT sample 2017-05-31 15-13-00
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Intensity / Size graph for Experiment:

sample 2017-05-31 15-13-00

sample~15-13-10
sample~15-14-15
sample~15-15-07
sample~15-15-52
sample~15-16-39

Script Used: (Full Text):

SOP Standard Measurement 03-13-00PM 31May2017.txt

(b)NANOSIGHT test 2017-05-31 14-57-45
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FTLA Concentration / Size graph for Experiment:

test 2017-05-31 14-57-45

test~14-57-54
test~14-58-48
test~14-59-47
test~15-00-27
test~15-01-19
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Averaged FTLA Concentration / Size for Experiment:

test 2017-05-31 14-57-45

Error bars indicate + / -1 standard error of the mean

Included Files

test 2017-05-31 14-57-54

test 2017-05-31 14-58-48

test 2017-05-31 14-59-47

test 2017-05-31 15-00-27

test 2017-05-31 15-01-19

Details

NTA Version: NTA 3.2 Dev Build 3.2.16

Script Used: SOP Standard Measurement 02-57-45PM 31~

Time Captured: 14:57:45  31/05/2017

Operator:

Pre-treatment:

Sample Name:

Diluent:

Remarks:

Capture Settings

Camera Type: sCMOS

Laser Type: Blue405

Camera Level: 14

Slider Shutter: 1259

Slider Gain: 366

FPS 25.0

Number of Frames: 374

Temperature: 25.0 oC

Viscosity: (Water) 0.9 cP

Dilution factor: Dilution not recorded

Analysis Settings

Detect Threshold: 28

Blur Size: Auto

Max Jump Distance: Auto: 7.1 - 9.5 pix

Results

Stats: Merged Data

Mean: 244.5 nm

Mode: 192.7 nm

SD: 61.2 nm

D10: 172.5 nm

D50: 234.5 nm

D90: 331.7 nm

Stats: Mean +/- Standard Error

Mean: 235.6 +/- 14.6 nm

Mode: 251.4 +/- 23.9 nm

SD: 51.9 +/- 8.3 nm

D10: 173.2 +/- 4.1 nm

D50: 233.4 +/- 14.7 nm

D90: 304.9 +/- 29.1 nm

Concentration: 7.34e+008 +/- 1.65e+008 particles/ml

37.2 +/- 8.4 particles/frame

43.0 +/- 9.2 centres/frame

(c)

NANOSIGHT test 2017-05-31 14-57-45
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Intensity / Size graph for Experiment:

test 2017-05-31 14-57-45

test~14-57-54
test~14-58-48
test~14-59-47
test~15-00-27
test~15-01-19

Script Used: (Full Text):

SOP Standard Measurement 02-57-45PM 31May2017.txt

(d)NANOSIGHT samplec5frr50 2017-06-02 15-23-24
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FTLA Concentration / Size graph for Experiment:

samplec5frr50 2017-06-02 15-23-24
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Averaged FTLA Concentration / Size for Experiment:

samplec5frr50 2017-06-02 15-23-24

Error bars indicate + / -1 standard error of the mean

Included Files

samplec5frr50 2017-06-02 15-23-32

samplec5frr50 2017-06-02 15-24-15

samplec5frr50 2017-06-02 15-24-54

samplec5frr50 2017-06-02 15-25-42

samplec5frr50 2017-06-02 15-26-32

Details

NTA Version: NTA 3.2 Dev Build 3.2.16

Script Used: SOP Standard Measurement 03-23-24PM 02J~

Time Captured: 15:23:24  02/06/2017

Operator:

Pre-treatment:

Sample Name:

Diluent:

Remarks:

Capture Settings

Camera Type: sCMOS

Laser Type: Blue405

Camera Level: 14

Slider Shutter: 1259

Slider Gain: 366

FPS 25.0

Number of Frames: 374

Temperature: 25.0 oC

Viscosity: (Water) 0.9 cP

Dilution factor: Dilution not recorded

Analysis Settings

Detect Threshold: 31

Blur Size: Auto

Max Jump Distance: Auto: 8.2 - 8.8 pix

Results

Stats: Merged Data

Mean: 175.0 nm

Mode: 136.0 nm

SD: 75.1 nm

D10: 115.5 nm

D50: 147.0 nm

D90: 294.4 nm

Stats: Mean +/- Standard Error

Mean: 181.5 +/- 12.6 nm

Mode: 128.3 +/- 7.2 nm

SD: 75.8 +/- 13.3 nm

D10: 113.1 +/- 5.0 nm

D50: 151.0 +/- 5.2 nm

D90: 283.2 +/- 34.4 nm

Concentration: 5.22e+008 +/- 8.01e+007 particles/ml

26.5 +/- 4.1 particles/frame

28.9 +/- 4.4 centres/frame

(e)
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Intensity / Size graph for Experiment:

samplec5frr50 2017-06-02 15-23-24

samplec~15-23-32
samplec~15-24-15
samplec~15-24-54
samplec~15-25-42
samplec~15-26-32

Script Used: (Full Text):

SOP Standard Measurement 03-23-24PM 02Jun2017.txt
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FTLA Concentration / Size graph for Experiment:

test 2017-05-31 14-36-20

test~14-36-30
test~14-37-17
test~14-38-02
test~14-38-48
test~14-39-43
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Averaged FTLA Concentration / Size for Experiment:

test 2017-05-31 14-36-20

Error bars indicate + / -1 standard error of the mean

Included Files

test 2017-05-31 14-36-30

test 2017-05-31 14-37-17

test 2017-05-31 14-38-02

test 2017-05-31 14-38-48

test 2017-05-31 14-39-43

Details

NTA Version: NTA 3.2 Dev Build 3.2.16

Script Used: SOP Standard Measurement 02-36-20PM 31~

Time Captured: 14:36:20  31/05/2017

Operator:

Pre-treatment:

Sample Name:

Diluent:

Remarks:

Capture Settings

Camera Type: sCMOS

Laser Type: Blue405

Camera Level: 12 - 13

Slider Shutter: 1200 - 1232

Slider Gain: 146 - 219

FPS 25.0

Number of Frames: 374

Temperature: 25.0 oC

Viscosity: (Water) 0.9 cP

Dilution factor: Dilution not recorded

Analysis Settings

Detect Threshold: 13 - 19

Blur Size: Auto

Max Jump Distance: Auto: 6.8 - 7.8 pix

Results

Stats: Merged Data

Mean: 256.5 nm

Mode: 163.8 nm

SD: 95.0 nm

D10: 154.3 nm

D50: 225.0 nm

D90: 402.1 nm

Stats: Mean +/- Standard Error

Mean: 255.5 +/- 14.0 nm

Mode: 180.5 +/- 10.9 nm

SD: 89.4 +/- 3.1 nm

D10: 161.9 +/- 10.0 nm

D50: 231.8 +/- 18.7 nm

D90: 394.7 +/- 10.5 nm

Concentration: 1.08e+009 +/- 1.34e+008 particles/ml

55.0 +/- 6.8 particles/frame

58.9 +/- 6.8 centres/frame

(g)
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Intensity / Size graph for Experiment:

test 2017-05-31 14-36-20

test~14-36-30
test~14-37-17
test~14-38-02
test~14-38-48
test~14-39-43

Script Used: (Full Text):

SOP Standard Measurement 02-36-20PM 31May2017.txt
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FTLA Concentration / Size graph for Experiment:

test 2017-05-31 14-16-00
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Averaged FTLA Concentration / Size for Experiment:

test 2017-05-31 14-16-00

Error bars indicate + / -1 standard error of the mean

Included Files

test 2017-05-31 14-16-29

test 2017-05-31 14-17-13

test 2017-05-31 14-17-54

test 2017-05-31 14-18-39

test 2017-05-31 14-19-21

Details

NTA Version: NTA 3.2 Dev Build 3.2.16

Script Used: SOP Standard Measurement 02-16-00PM 31May2017.txt

Time Captured: 14:16:00  31/05/2017

Operator:

Pre-treatment:

Sample Name:

Diluent:

Remarks:

Capture Settings

Camera Type: sCMOS

Laser Type: Blue405

Camera Level: 12

Slider Shutter: 1200

Slider Gain: 146

FPS 25.0

Number of Frames: 374

Temperature: 25.0 oC

Viscosity: (Water) 0.9 cP

Dilution factor: Dilution not recorded

Analysis Settings

Detect Threshold: 13

Blur Size: Auto

Max Jump Distance: Auto: 6.4 - 8.8 pix

Results

Stats: Merged Data

Mean: 260.4 nm

Mode: 211.1 nm

SD: 78.0 nm

D10: 162.6 nm

D50: 252.5 nm

D90: 366.2 nm

Stats: Mean +/- Standard Error

Mean: 259.0 +/- 19.9 nm

Mode: 236.0 +/- 34.4 nm

SD: 65.7 +/- 6.5 nm

D10: 173.2 +/- 11.9 nm

D50: 257.2 +/- 21.8 nm

D90: 347.3 +/- 27.1 nm

Concentration: 1.33e+009 +/- 1.14e+008 particles/ml

67.7 +/- 5.8 particles/frame

76.9 +/- 7.1 centres/frame
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Intensity / Size graph for Experiment:

test 2017-05-31 14-16-00
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FTLA Concentration / Size graph for Experiment:

samplec10frr50 2017-06-02 14-29-34
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Averaged FTLA Concentration / Size for Experiment:

samplec10frr50 2017-06-02 14-29-34

Error bars indicate + / -1 standard error of the mean

Included Files

samplec10frr50 2017-06-02 14-29-54

samplec10frr50 2017-06-02 14-30-45

samplec10frr50 2017-06-02 14-31-42

samplec10frr50 2017-06-02 14-32-29

samplec10frr50 2017-06-02 14-33-13

Details

NTA Version: NTA 3.2 Dev Build 3.2.16

Script Used: SOP Standard Measurement 02-29-34PM 02J~

Time Captured: 14:29:34  02/06/2017

Operator:

Pre-treatment:

Sample Name:

Diluent:

Remarks:

Capture Settings

Camera Type: sCMOS

Laser Type: Blue405

Camera Level: 15

Slider Shutter: 1206

Slider Gain: 366

FPS 25.0

Number of Frames: 374

Temperature: 25.0 oC

Viscosity: (Water) 0.9 cP

Dilution factor: Dilution not recorded

Analysis Settings

Detect Threshold: 20

Blur Size: Auto

Max Jump Distance: Auto: 8.7 - 10.1 pix

Results

Stats: Merged Data

Mean: 175.6 nm

Mode: 118.5 nm

SD: 78.0 nm

D10: 107.6 nm

D50: 151.9 nm

D90: 308.3 nm

Stats: Mean +/- Standard Error

Mean: 178.2 +/- 8.6 nm

Mode: 139.3 +/- 12.6 nm

SD: 75.9 +/- 4.4 nm

D10: 110.9 +/- 4.0 nm

D50: 153.3 +/- 6.9 nm

D90: 312.7 +/- 23.9 nm

Concentration: 4.94e+008 +/- 5.14e+007 particles/ml

25.1 +/- 2.6 particles/frame

26.6 +/- 2.7 centres/frame
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Intensity / Size graph for Experiment:
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Script Used: (Full Text):

SOP Standard Measurement 02-29-34PM 02Jun2017.txt

(l)

S7



Figure S.4: NTA Measurements (n=5) of liposome particle concentration (E8 particles/mL) (left)

and average concentration (right) as a function of size (nm) (a, c , e, g, i and k). Averaged

Intensity/Size graphs (n=5) for liposomes samples (b, d, f, h, j and l). For: CDPPC= 5 mg/mL;

FRR=15 (a, b), FRR=30 (c, d) FRR= 50 (e, f) and at CDPPC= 10 mg/mL; FRR=15 (g, h), FRR=

30 (i, j), and FRR= 50 (k, l). Samples were diluted 200 times prior to NTA measurement.

Figure S.5: NTA video capture of liposomes particles moving under Brownian motion. Lipid
concentration is �xed at CDPPC= 5 mg/mL. Two di�erent FRR conditions are shown (FRR=
30 and 50 respectively).
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