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1 Summary 
This document will provide you with information on the advantages of Fluoro-Phase as a 

continuous phase for water-in-fluorinated-oil droplet microfluidics, and with information on 

how to make monodisperse droplets of water in Fluoro-Phase with control over droplet size. 

2 Introduction 
Fluoro-Phase is designed for use as a fluorinated continuous phase to stabilize aqueous 

droplets in microfluidic systems. Unlike most emulsion stabilizing oils that rely on molecular 

surfactants, Fluoro-Phase uses silica nanoparticles to stabilize the droplet surface. This makes 

Fluoro-Phase ideal for biomedical applications where aqueous drops can have complex 

compositions. 

3 Fluoro-Phase Beats the Competition 
Our customers choose Fluoro-Phase for the following benefits:  

1. Minimal droplet cross-talk   

2. Enhanced droplet formation rate 

3. Rapid recovery from jetting  

4. Stability of the droplets formed  

5. Greater flexibility with droplet merging and emulsion breaking  

6. Ability to use a broad range of biological reagents (such as lysing agents) 

4 Case Study: 
 

 

 

Fluoro-Phase and three competing fluorinated emulsion oils were tested in a Dolomite Bio 30 

μm etch depth fluorophilic μEncapsulator chip with Dolomite Micro P-Pumps. At each oil 

flow rate, the droplet phase flow rate was steadily increased until jetting was observed. With 

Fluoro-Phase, droplet formation was possible at higher droplet phase flow rates. 

Note that for competitor C, it was not possible to measure its behaviour at the higher flow 

rates as it was too viscous to flow through the chip at these rates. 
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5 Fluoro-Phase Forms Monodisperse Droplets 
 

 

 

 

 

 

 

 

 

 

 

 

 

6 About Fluoro-Phase 
• Fluoro-Phase is a fluorinated oil phase for the production of microdroplets. It is 

based on Pickering emulsion formation rather than the molecular surfactants used 

by competitors 

• Fluoro-Phase forms stable, monodisperse droplets over a wide range of flow rates 

and with a range of aqueous phases including those containing detergents. 

• Fluoro-Phase prevents leakage of small molecules between droplets (Minimises 

droplet crosstalk) 

7 How to Use Fluoro-Phase 
To use Fluoro-Phase, you will require a microfluidic droplet-generating chip and at least two 

pumps (depending on the chip design). You will also need a microscope to monitor droplet 

formation. Particle Works recommend Dolomite equipment including pressure pumps and 

fluorophilic glass chips, but Fluoro-Phase also works in other systems. Channel surfaces should 

have either fluorophilic or hydrophobic coatings. 

The experiments in this application note were carried out in a Dolomite Bio μEncapsulator or 

Dolomite 2-Reagent Droplet chip with a fluorophilic coating and standard flow focusing 

junction geometry. The size and type of chip used is indicated in each case.  

Fluoro-Phase is supplied ready to use. It does not require further dilution. Fluoro-Phase is 

compatible with 0.2 µm PTFE filters, however repeated filtration may affect performance.  

We recommend that you prime your system to remove air bubbles and check that flow control 

is working correctly before the chip is connected. Once the chip is connected, select initial flow 

rates with the total flow rate of droplet phase about 50-75% of the flow rate of Fluoro-Phase. 

Run the system for 2 minutes to allow the droplet formation to stabilise before starting 

droplet collection. 

Emulsions can be collected either in a centrifuge tube, or on a plastic microscope slide or 

haemocytometer for quality control. (Note: do not use glass slides as this may lead to droplet 

merging) 

If your application requires emulsion breaking, Particle Works’ Fluoro-Stop is a reagent that 

trivially breaks emulsions stabilised by Fluoro-Phase. 

  

Figure 1 - Droplets produced on a Dolomite Bio 30 μm μEncapsulator chip with oil flow rate of 15 μL/min and 
water flow rate of 6 µL/min. Images have not been altered apart from scale and addition of 200 μm scale bars. 
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8 A Wide Range of Droplet Sizes are Achievable 
For droplets below 20 μm, use Dolomite 15 μm etch depth chips: 

 

Figure 2 - 18 μm diameter droplets forming at Fluoro-Phase flow rate of 8 μL/min and water 
flow rate of 1 μL/min in a 15 µm etch depth Dolomite Bio μEncapsulator chip. 

 

For droplets above 50 μm, use Dolomite 50 μm etch depth chips: 

 

Figure 3 - 62 μm diameter droplets forming at Fluoro-Phase flow rate of 45 μL/min and water 
flow rate of 20 μL/min in a 50 µm etch depth Dolomite Bio μEncapsulator chip. 
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For droplets above 100 µm, use Dolomite 100 µm etch depth chips: 

 

Figure 4 - 117 μm diameter droplets forming at Fluoro-Phase flow rate of 35 μL/min and 

water flow rate of 30 μL/min in a 100 µm etch depth Dolomite 2-Reagent Droplet chip. 
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9 Control of Droplet Size by Varying Fluoro-Phase Flow Rate 
• With a fixed chip size and water flow rate, droplet size can be controlled by varying 

the flow rate of Fluoro-Phase.  

• All images below were taken in a Dolomite Bio 30 μm μEncapsulator chip with 

water flow rate of 14 μL/min. 
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Fluoro-Phase flow 10 μL/min 

Droplet diameter 50 μm 

Fluoro-Phase flow 25 μL/min 

Droplet diameter 40 μm 

Fluoro-Phase flow 35 μL/min 

Droplet diameter 30 µm 

Fluoro-Phase flow 50 µL/min 

Droplet diameter 23 µm 

Figure 5 - Different droplet sizes generated by varying the Fluoro-Phase flow rate 
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