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Nanoparticle Synthesis System
Introduction
Nanoparticles are at the leading edge of the rapidly
developing field of nanotechnology. Their unique
size-dependent properties make these materials superior
and indispensable in many areas. It has been used in
many industries, such as drug delivery, energy, and
electronics. Nanoparticle synthesis is one of the key
steps to enable nanoparticle applications.
PreciGenome nanoparticle synthesis system presents
advantages over the conventional batch synthesis
processes and shows the advantages in better size
uniformity and shape control by using the microfluidic
technology.

frequently used for microparticles synthesis. Three types
of materials, including polymers, glass and silicon, are
commonly used to fabricate microfluidic chips. Material
of the chip is selected depending on the application
requirements, including chip design, types of solvent or
reagent used for experiments, needs of applications,
budget, and fabrication time, etc.

Polymer Chips

Glass Chips

System Components
 PG-MFC controller, 1 pc
 Reservoir kit, 15ml, 2 sets
 Liquid flow sensor (optional)
 Microfluidic mixer chips, 2 pcs
 Tubing and fittings, 1 set
 High-speed imaging system (optional)
Payloads
 DNA/mRNA/siRNA
 Small molecule drugs
 Proteins and peptides
 Other payloads

System Benefits
 Compact and portable design
 Precise and accurate pressure/flow output
 Fast response time
 Controllable liquid flow rate (optional)
 Standard and easy connection to other components
 OEM service and module integration available
Microfluidic Chips
PreciGenome offers a variety of microfluidic chips in
different materials to meet most of our customers'
application requirements for nanoparticles synthesis.

Applications
 Drug delivery
 Nucleic acid lipid nanoparticles synthesis
 Polymeric nanoparticles, such as
PLGA-PEG
 Lipid & liposome synthesis
 Gel particle synthesis

Cat. # :

PLGA,

PG-SYN-8-HSV (High Speed Imaging)
PG-SYN-8

(TouchScreen 8 Channels)

PG-SYN-4

(TouchScreen 4 Channels)

PG-SYN-LT2

(Light Version 2 Channels)

Microfluidic mixer chips are usually for nanoparticles
synthesis. Droplet generation chips are the most
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Applications Note of Nanoparticle Synthesis
-- PLGA, Liposome/Lipid Synthesis
Introduction
Nanoparticles are at the leading edge of the rapidly
developing field of nanotechnology. Their unique
size-dependent properties make these materials superior
and indispensable in many areas. It has been used in
many industries, such as pharmaceutical, energy, and
electronics. Nanoparticle synthesis is one of the key
steps to enable nanoparticle applications. Since most
applications utilize nanoparticle size properties, the size
distribution, yield, and size reproducibility from batch to
batch become very important target parameters for
evaluation of different nanoparticle synthesis methods.
Traditional batch mode synthesis method (mixing in a
bulk solution) has poor quality when the method is
implemented in scaled up production. The size
distribution and reproducibility of nanoparticles is
usually poor due to some uncontrollable factors such as
aggregation, heterogeneous mixing.
The microfluidic technology based miniaturized reactors
enable the rapid mixing of reagents, the control of
temperature, and the precise spatial-temporal
manipulation of reactions. The controlled and
homogeneous mixing in microfluidic synthesis methods
results in smaller and uniform nanoparticles. The
physicochemical properties of nanoparticles can be
precisely controlled in a reproducible manner. The
control of the reaction environment leads to improve the
quality of nanoparticle size distribution, better size
reproducibility, and eventually improve the preparation
process yield of nanoparticles.

System Setup
Precigenome PG-MFC controller, as a precise pressure
control instrument, is very suitable for these
nanoparticle synthesis applications. The Figure below
shows a basic setup for nanoparticle synthesis in
microfluidic devicesThe system is setup with PG-MFC
pressure controller (PG-MFC-8CH or PG-MFC-4CH or

PG-MFC-2CH light version) and high speed imaging
system (PG-HSV-M) to visualize mixing and
nanoparticle formation in microfluidic mixing chip as
shown in the Figure below. Since flow rates in these
experiments are large enough (milliliters per minute
range), they can be estimated by weighing collected
nanoparticle solutions within certain time period.
Alternatively, flow sensors (PG-LFS-2000) can be used
to monitor the flow rates.

Microfludic Chips
Microfluidic chips used in the experiments are
ChipShop mixing chip 187 (passive mixing, herringbone
mixing). Solution A and Solution B are loaded in 50mL
reservoir kits (PG-MRK-50ML). In PGLA synthesis
experiments, Solution A is PLGA in acetonitrile solution.
Solution B is polyvinyl alcohol (PVA) in water solution.
In liposome synthesis, lipid mixture is dissolved in
solvent phase, such as IPA. This forms so called “Oil”.
DI water is used as “water” phase. During experiments,
preset pressures from PG-MFC pressure controller were
applied to reservoir kits. Solutions in reservoir kits were
pushed through tubings into the two inlets of a
microfluidic chip and mixed inside the channel of the
microfluidic chip. The mixed solution (nanoparticle
solution) was collected from the outlet of the
microfluidic chip. Users can optimize the mixing ratio,
flow rates, and synthesis effect by changing the pressure
settings using the pressure controller.

Address: 2176 Ringwood Ave. San Jose, CA, USA, 95131
Email: Info@precigenome.com

V 1.2
PAGE 2

Microfluidic Solutions Provider
System components
Catalogue Number
PG-MFC-8CH (alternatively
PG-MFC-4CH, PG-MFC-2CH
light)
PG-HSV-M
PG-MRK-50ML (alternatively
PG-MRK-15ML)
PG-LFS-2000
PG-LUR-kit
PG-Mixing-HerrPC
PG-UNF-FIT
PG-UNF-FLuer
TUB1-16-50I

Part description
Microfluidic pressure/flow controller, 8 channel
(alternaltively 4 channel or 2 channel light
version)
High speed imaging system
Microfluidic reservoir kits (50mL, alternatively
15mL)
Liquid flow sensor, measure flow rates up to
5mL/min
Microfluidic Luer Lock Fittings Kit for Pressure
Controller Connection: 10 inch 1/8" OD 1/16"
Tygon tubing, two Luer lock fittings
Passive mixing chip - Herringbone mixing,
Material PC
Flangeless Fittings 1/4-28 to 1/16"OD, Nut +
PTFE Ferrule 10/pack
Female Luer Lock to 1/4-28" thread, 10/pk
PTFE Tubing, 1/16"OD x 1/32"ID, 50inch/pack

Quantity
1
1
2
2
1
1
1
1

Material&Reagent List
Resomer RG 502H,

product. The figure below shows the comparison data.
The PDI (heterogeneity index for particle size) using
microfluidic method is significantly smaller than that
using traditional bulk method.

Aldrich (#719897-5G)

Poly(D,L-lactide-co-glycolide) acid

Method: Bulk

Method: Microfluidic

Average size: 571.84nm

Average size: 162.97

PDI: 0.939

PDI:0.304

terminated, Mw 7000-17000
Poly(vinyl alcohol) Mw 13000-23000,

Aldrich (#384806-500G)

98% hydrolyzed
DODMA

Avanti Polar lipids

18:0 PC (DSPC)

Avanti Polar lipids

DMG-PEG2000

Avanti Polar lipids

Cholesterol

Avanti Polar lipids

Acetonitrile

Aldrich

Ethanol

Aldrich

Experiment Results
Precigenome has used this setup and demonstrated
synthesis of PLGA and liposome nanoparticles, which is
widely used in pharmaceutical companies as drug
delivery vehicles[2].
PLGA nanoparticle synthesis
We demonstrated the use of ChipShop mixing chip 187
(passive mixing, herringbone mixing) for the synthesis
of PLGA nanoparticles. In this work acetonitrile is used
as a good solvent for PLGA and water (with 1-2%
Poly(vinyl alcohol) (PVA)) is used as the aqueous phase
to trigger nanoparticle precipitation. Fabrication of the
PLGA nanoparticles using microfluidic chips and
precisely controlled pressure results in substantial
improvements in nanoparticle size distribution
compared to conventional batch methods. Dynamic
Light Scattering (DLS) is used to characterize the final

Figure. Comparison of average size and PDI for
nanoparticles using bulk and microfluidic methods
We also demonstrated that we can precisely control the
size of nanoparticle by changing pressure/flow ratio
between (PLGA) and water (PVA) phases. The Figure
below shows the trend. Increasing the pressure/flow of
water phase could lead to larger PLGA size. There is
also optimal oil to water ratio for lowest PDI in this
setup.

Figure. Different pressure ratios(O:W) effect on particle
size and PDI
Since this mixing device is based on herringbone mixing
mechanism, the larger flow rates the better mixing effect
it gives. We tested PLGA synthesis at different total flow
rates. The Figure below shows the size and PDI effect
with different flow rates when the pressure/flow ratio
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was kept the same (1:1). The larger the pressure/flow is,
the smaller particle size it gives. The effect on PDI by
the speed of mixing is not very clear. We still need to
investigate whether fast mixing helps increase the PDI.

pressure/flow ratio increases, the average liposome
particle size decreases as shown in the Figure below.

Figure. W/O pressure/flow ratio effect on particle size
(lipid concentration: 4mg/mL)

Figure. Total flow rate effect on PLGA size and PDI
Liposome nanoparticle synthesis
We used the same mixing chip as for PLGA synthesis to
test liposome synthesis. In general, lipid mixture is
dissolved in water miscible organic phase, such as IPA
or ethanol, which is called “oil” phase. DI water is used
as “water” phase. DLS is used to measure particle
average size and PDI. We measured the liposome
particle size with different total flow rates when we
fixed the flow ratio of water to oil phase as shown in the
Figure below. There is a trend that the larger the total
flow rates, the smaller particle size we can get. The
particle size ranges between 80nm to 400nm.

Similar to PLGA nanoparticle synthesis, the relationship
between nanoparticle PDI and flow rates and flow ratios
is not conclusive. The PDI of liposome nanoparticles
ranges from 0.25-0.8. Further investigation is needed.
For example, we can compare PDI with different mixing
methods (diffusion based mixing vs. Herringbone
mixing).
In this study we further studied DNA encapsulation
efficiency by liposome nanoparticles and DNA
encapsulation effect on particle sizes. DNA is dissolved
in the water phase. We observed that the liposome
nanoparticle size increases with DNA encapsulation
under the same pressure conditions as shown in the
Figure below. By tuning the formulation of lipid mixture
in ethanol, we obtained more than 95% DNA
encapsulation efficiency. The Table below summarizes
the encapsulation efficiency.

Figure. Total flow rate effect on liposome size (lipid
concentration: 4mg/mL)
We also investigated the relationship of liposome size
and water/oil phase pressure/flow ratio. When the W/O

Figure. Liposome size with or without DNA
encapsulation
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Dia. (nm) PDI
Lipid formulation 1
322.3
1.04
Lipid formulation 2
608.6
0.65
Lipid formulation 3
219.2
0.23

DNA in liposome DNA encapsulation
(ng/ul)
efficiency
9.72
36.0%
16.06
60.6%
10.40
98.5%

Table. DNA encapsulation efficiency in different lipid
formulation
Conclusions:
PLGA nanoparticles can be prepared by mixing

PLGA in ACN with 1-2% PVA in water.
Higher total pressure/flow rate gives a smaller

PLGA particle size
After optimization of organic/aqueous ratio, low

PDI (<0.3) can be achieved by using microfluidics
system
Liposome can also be prepared by mixing lipid in

ethanol or IPA (isopropyl alcohol) with water using
microfluidics system,
Higher total pressure/flow rate gives a smaller

liposome size
With a fixed total pressure/flow rate, higher water

to oil ratio gives a smaller size
DNA encapsulation. DNA is dissolved in water

phase. By mixing, liposome with encapsulated
DNA is made by one step.
The size and PDI of liposome/DNA complex are

determined by lipid formulation, total flow rate and
w/o ratio.
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