
 
 

 

Dolomite Microfluidics is a brand of Blacktrace 
Registered office: The Dolomite Centre Ltd. 3 Anglian Business Park, Royston, SG8 5TW, UK 
Reg in England No. 04257809  

High Throughput Microfluidic Synthesis of Polyacrylamide 

Beads  

Application Note 

Version: 1.0 

Issue Date: 18/06/19 

Author: DR 

 



 

Dolomite Microfluidics - SHPT-487168127-347_v.1.0  Page 2 of 10 

Contents 

1 Aims & Objectives ............................................................................................................................................................................................. 2 

2 Introduction ......................................................................................................................................................................................................... 2 

2.1 Reaction Mechanism .................................................................................................................................................................................. 3 

3 Experiments ........................................................................................................................................................................................................ 3 

3.1 Materials ......................................................................................................................................................................................................... 3 

3.2 Preparation of Stock Solutions .............................................................................................................................................................. 3 

3.3 Experimental Setup .................................................................................................................................................................................... 4 

3.4 Phase Transfer of the Beads .................................................................................................................................................................. 7 

4 Results .................................................................................................................................................................................................................. 8 

4.1 Polyacrylamide Soft and Hard Beads ................................................................................................................................................. 8 

5 Conclusions ......................................................................................................................................................................................................... 9 

5.1 Bead Size and Production Rate ............................................................................................................................................................. 9 

5.2 Effect of Monomers..................................................................................................................................................................................... 9 

5.3 Effect of Initiators ........................................................................................................................................................................................ 9 

5.4 Temperature .................................................................................................................................................................................................. 9 

5.5 Polymerization Time................................................................................................................................................................................ 10 

6 Appendix ........................................................................................................................................................................................................... 10 

 

 

1 Aims & Objectives 
 

This document details the procedure for the manufacture of highly monodisperse 
polyacrylamide (PAM) hard and soft beads. These beads are produced by means of 
the Dolomite High Throughput Micro Droplet System in a continuous single step 
process. 

 

2 Introduction 
 

Polyacrylamide (PAM) materials have a wide variety of applications in coatings, 
instrument calibration, chromatography, liquid-crystal panel spacers and 
biomedical analyses. PAM is a type of hydrogel, consisting of a loosely crosslinked 
polyacrylamide structure that can hold large amount of water. Due to their high-
water content, PAM is also highly amenable for use as biomaterials that can be in 
contact with tissue or biological fluids as implants, soft contact lenses, and drug-
delivery particle systems. PAM beads can be readily surface functionalised and 
have been recently used in a wide range of microencapsulation applications 
including RNA capture, drug encapsulation, controlled release, and enzyme 
immobilisation. 

Loading drops with discrete objects, such as particles and cells, is often necessary 
when performing chemical and biological assays in microfluidic devices. However, 
random loading techniques are inefficient, yielding a majority of empty and 
unusable drops. Biologists and researchers use PAM soft deformable particles that 
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are close packed to insert a controllable number of particles into every drop. This 
provides a simple, flexible means of efficiently encapsulating a controllable number 
of particles per drop (Abate and Weitz 2009). 

In many applications monodisperse particle production is very important, therefore 
microfluidic methods of precise particle synthesis are becoming more and more 
attractive as compared to traditional batch methods. In this work the continuous 
microfluidic production of monodisperse PAM beads is demonstrated using the 
Dolomite Telos® High Throughput system. 

2.1 Reaction Mechanism 

Polyacrylamide hydrogel particles are produced by free radical copolymerization of 
acrylamide and bis-acrylamide initiated by ammonium persulfate1. The persulfate 
free radicals convert acrylamide monomers to free radicals which react with 
inactivated monomers to begin the polymerization chain reaction. The elongation 
polymer chains are randomly crosslinked by bis, resulting in a gel with 
characteristic porosity which depends on the polymerization conditions and 
monomer concentrations. (Shi and Jacowski 1998). 

 

 

Figure 1 - Polyacrylamide gel polymerization 

3 Experiments 
 

3.1 Materials 

• Acrylamide (Ac) (HPLC grade, Sigma Aldrich, P/N A9099) 

• N,N′-Methylenebisacrylamide (Bis-Ac) (99%, Sigma Aldrich, P/N 146072) 

• Ammonium Persulfate (APS) (98%, Sigma Aldrich, P/N A7460) 

• FluoSurf (HFE based oil, Dolomite) 

• Deionised water 

3.2 Preparation of Stock Solutions 

This section provides the general information for the synthesis of polyacrylamide 
beads. Contact Dolomite for more details about the chemical protocol of synthesis: 
https://www.dolomite-microfluidics.com/contact/contact-us/ 

Stock solutions should be prepared and used on the same day. All stock solutions 
should be prepared in a fume hood. Acrylamide is a hazardous neurotoxin and 
should be handled with extreme caution. 

                                                             
1 The use of TEMED solution is common in the literature to accelerate the rate of 
formation of free radicals from persulfate. However, its use can be avoided working 
with an excess of APS (6-12 wt %). 

https://www.dolomite-microfluidics.com/contact/contact-us/
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The following Ac, Bis-Ac and APS aqueous solutions are prepared for the 
production of soft and hard beads: 

 

 Soft beads Hard beads 

Acrylamide solution (mg/ml) 

 
400 500 

Bis-Acrylamide solution (mg/ml) 

 

10 

 

100 

 

APS (mg/ml) 

 

120 

 

120 

 
 

  

 Table 1 - Concentration of stock solutions 

 

Droplet Phase 1: 

• For soft beads: To a 20 ml vial, add 5 ml of acrylamide solution, 2 ml of 
bis-acrylamide solution, and 3 ml of water. This results in a 200 mg/ml 
acrylamide solution and a 2 mg/ml solution of bis-acrylamide. 

• For hard beads: Make up solution directly with 5 g acrylamide, 1 g bis-
acrylamide, 4g water. 

Droplet Phase 2: 

To a second 20 ml vial, add 10 ml of stock APS solution. 

Continuous Phase: 

To a third 250 ml glass bottle, add 100 ml of FluoSurf. This bottle is contained 
within the large 400 ml Telos® remote reservoir. 

Collection Bottle: 

Polyacrylamide beads are collected in a 250 ml glass bottle which is half filled with 
FluoSurf and continuously degassed. 

The solutions are sonicated for 30 minutes to fully dissolve Ac, Bis-Ac and APS and 
then filtered through a 0.2 µm PS filter into a clean 20 ml vial to remove any 
remaining particulates. The system and tubing are primed. The solutions and the 
pump reservoirs are finally degassed using argon. 

3.3 Experimental Setup 

The Telos® high throughput system setup is presented in Figure 2. The three 
reagents (droplet phase 1, 2 and continuous phase) are stored within three 
different pressure pumps and are delivered to the Telos® module, where droplet 
generation occurs, using 0.25 mm ID, 1.6 mm OD tubing. Each pump has a reservoir 
for fluid storage, fluids are placed within vials which in turn are inserted within the 
reservoirs. The continuous phase is kept in a large 400 mL reservoir to be able to 
process a larger amount of fluid through the system. The Dolomite pumps are 
accurate pressure regulator: the pressure within the reservoir is adjusted to meet 
the desired flow rates. For this reason, each pump is coupled with a flow sensor 
and plugged to a gas supply (argon). Atmospheric oxygen present in the air, 
dissolves in gel solutions and inhibit and prevent acrylamide polymerization. 

The fluids reach the Telos® manifold device which is formed by two lateral frames 
that hold one Telos® module. The module clamps a 7-channel junction microfluidic 
chip (Figure 3) for droplet production. Each junction is visible from above and below 
for illumination and optical access via high speed imaging. The Telos® manifold 
equally distributes the fluids across the 2 Reagent 50 µm fluorophilic chip junctions 
to produce monodisperse droplets of acrylamide polymers with APS in FluoSurf oil 
as showed in Figure 4. The droplets produced are collected in one common outlet 
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by means of a linear connector 1-way which enables a single 1.6 mm OD tube to 
be connected to a single fluid port on a microfluidic chip. 

Fast set-up time is achieved with an easy to use tool-free clamp mechanism which 
locates and seals the chip in place, making or breaking connections instantly. The 
Telos® module incorporates the 3 in-line on/off valves for excellent flow control 
during priming and operation. Additionally, the Telos® module includes optional 
integrated filters and in-line valves on each tubing to be able to disconnect the 
module while keeping the pump reservoirs pressurized.  

The three pumps and the microscope can be controlled remotely via the dedicated 
flow control centre software which enable quick and reliable droplet imaging and 
flow rate adjustment. 

This application note describes the production of polyacrylamide beads using one 
Telos® module. Up to 10 modules, a total of 70 parallel channels, can be stacked 
side by side to scale up production.  

Contact Dolomite for more information about the experimental procedure of 
synthesis: 

https://www.dolomite-microfluidics.com/contact/contact-us/ 

 

https://www.dolomite-microfluidics.com/contact/contact-us/
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More information about the Dolomite Telos® system, datasheets and other application notes are available on the Dolomite website: 

https://www.dolomite-microfluidics.com/microfluidic-systems/telos-high-throughput/ 

 

 

Figure 2. High Throughput Microfluidic Synthesis of Polyacrylamide Beads using 1 Module Telos® System 

  

Figure 3. Telos® 2 Reagent Chip 50 µm - Fluorophilic Figure 4. Image of a Junction on a Telos® 2 Reagent Chip 50 µm - Fluorophilic 

https://www.dolomite-microfluidics.com/microfluidic-systems/telos-high-throughput/
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The ideal mode of droplet formation for each chip is a steady dripping mode, 
whereby droplets are pinched off in a controlled fashion at the droplet junction. The 
highest production rate of polyacrylamide droplets without approaching jetting 
regime is achieved using the following flow rates for both soft and hard beads. 

 

• Droplet Phase 1 (Ac + Bis-Ac) = 20 µl/mim 

• Droplet Phase 2 (APS) = 20 µl/mim 

• Continuous Phase (FluoSurf) = 200 µl/min 

 

The flow sensors are set on water for droplet phase 1 and 2 and Novec 7500 (HFE 
Dolomite oil). Calculated calibration curves show that the actual flow rates are the 
same of the flow rates determined by the flow sensors within a standard deviation 
< 1 %. 

Typically, a 1:1 flow rate is targeted (this is what the precursor solution 
concentrations in this document are based on). Note that a different flow ratio will 
result in altered final concentrations of material in the final collected beads. (see 
Section 4 for more details). 

Collect beads  under a slight pressure of argon for 15 hours to fully gel the beads. 

3.4 Phase Transfer of the Beads 

A simple test of gelation is to place cured beads onto a glass slide, place a glass 
cover slip on top of the beads and apply slight pressure to the cover slip. Viewing 
the beads under the microscope, they should spring back into shape when the 
pressure is released, and if the slide is moved side to side the beads should roll 
under the slide. Un-gelled beads will break apart and leave streaks on the slide. 

Note, overly aggressive pressure may damage even gelled beads, particularly if 
water content is high / polymer content is low. For soft acrylamide concentrations, 
use less pressure to test the gelation. 

To phase transfer the beads: 

 

• Pipette away the majority of the HFE from underneath the beads. 

• Disperse the beads in the remaining HFE by inversion of the vial/container, 
and then add 5x the remaining volume of Perfluoro-octanol (Fluoro-Stop). 

• Once Fluoro-Stop is added invert the container several times, and then add 
the desired quantity of aqueous solution into which you would like to 
transfer the beads (it is typically a good idea to have some surfactant 
present to help stabilise the beads, e.g. 2 wt % sodium citrate, tween 20 or 
similar). 

• Invert several times again, and then allow to stand. Pipette away the 
remaining fluorinated oil from beneath the aqueous phase, leaving the 
beads in aqueous solution. 

• If the beads have not fully transferred, repeat the process, adding a little 
more Fluoro-Stop or adding more stabiliser to the aqueous solution. 
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4 Results 

4.1 Polyacrylamide Soft and Hard Beads 

Droplets and cured particles are analysed using ImageJ software and Particle Mean 
Size D and Coefficient of Variation CV are calculated. Results are showed below in 
Figure 5. 

 

 

Polyacrylamide Soft Beads 

Total droplet phase flow rate (Ac + Bis-Ac) = 40 µl/min 

Continuous phase flow rate = 200 µl/min 

Hard Beads 

Total droplet phase flow rate (Ac + Bis-Ac) = 40 µl/min 

Continuous phase flow rate = 200 µl/min 
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Figure 5. Polyacrylamide Soft (left) and Hard (right) Beads. 

 

5 Conclusions 

5.1 Bead Size and Production Rate 

Around 40 µm soft and hard beads are produced using the flow rates reported in 
Figure 5 at the frequency of about 20 kHz. The throughput can be increase of 10x 
with a full Telos® system (10 modules), therefore achieving a total flow rate of 40 
µl/min x 10 = 400 µl/min (0.6 liters/day) of beads generated at 200 kHz. 

Hard beads appear slightly larger than soft beads. This is due to the higher 
viscosity of the droplet phase which makes the hard beads more difficult to pinch. 

No remarkable difference is observed in the size between the two type of particles 
at the given flow rates. Beads preserve their original size before and after gelling. 
The gelation test shows that soft beads are softer and more elastic and they 
reshape in their original size once the top glass cover is removed. 

Beads size can be tuned by changing the continuous-to-droplet phase flow ratio. 
High ratios give small droplets and low ratio give larger droplets. The total flow 
rates determine the threshold between dripping and jetting. The current Telos® 
system used in combination with the 2 Reagent Chip 50 µm - fluorophilic produce 
beads in the size range approximately between 20 µm and 50 µm. Smaller or larger 
droplets can be produced using different chip junction sizes (contact Dolomite for 
chip availability: https://www.dolomite-microfluidics.com/contact/contact-us/) 

5.2 Effect of Monomers 

A higher concentration of total monomer than the one reported in Section 3.2 
results in faster polymerization rate, whereas a lower concentration of total 
monomer results in lower polymerization rate. 

5.3 Effect of Initiators 

The rate of polymerization and the resulting properties of the beads depend on the 
concentration of the initiator. In increase of the concentration of the initiator (APS or 
TEMED) results in a decrease in the average polymer chain length, particle elasticity 
and an increase of gel turbidity. An excess of initiator hinders the polymerization. 
The only indication that the reaction has taken place is an increase in viscosity. If 
the concentration of initiators is too low, polymerization is very slow, oxygen will 
begin to enter within the monomer matrix reducing the rate of polymerization 
generating beads that are porous and mechanically weak.  

5.4 Temperature 

Temperature as a crucial effect on the rate of gel polymerization. The 
polymerization reaction is exothermic, consequently, the generated heat drives the 
reaction more quickly accelerating the polymerization rate. Therefore, a control of 
temperature is required. This is obtained by quenching the beads in a gelling bath 
kept at 20-25 °C which is the ideal temperature for polymerization to occur. Beads 
that are produced at lower or higher temperature are typically inelastic. 

https://www.dolomite-microfluidics.com/contact/contact-us/
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5.5 Polymerization Time 

The conversion of monomers to polymer should be greater than 95 % and occurs 
from 20 to 90 min depending of parameters such as temperature, monomers and 
initiator concentrations. If gelation takes longer than this time, the inhibitory effect 
of atmospheric oxygen will begin to play a role. 

 

6 Appendix 
 

Part No. Part Description # 

3200698 

Telos® Large Scale Micro 
Droplet System - Enhanced 
Control 

The system includes: 

- 

Telos® Module plus lateral 
frames from 1 to 10 

Mitos P-Pumps 3 

Sensor Displays 3 

Flow Rate Sensors 3 

High-Speed Digital Microscope 1 

Telos® Remote Reservoir (400 
mL) 

3 

Valves, Chip Interfaces, Fittings 
and Tubing - 

Mitos Compressor 8 bar 1 

3200729 

Telos® Droplet Chip Kit, 
fluorophilic 

The kit includes: 

1 

Telos® 2 Reagent Chip 100 µm 
SC fluorophilic 

1 

Telos® 2 Reagent Chip 5 µm 
fluorophilic 1 

Installation and Training - 

 

 


