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Motivation: Why Stability Matters

• mRNA vaccine reliance on ultra-
cold storage proved expensive

• Ultra-low freezers, dry ice transport, 
limited shelf life → distribution 
challenges

Unicef.org
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Goal: Understand mechanical 
forces that degrade lipid 

nanoparticles to manufacture 
more stable drug solutions



Understanding Lipid Nanoparticles 
(LNPs)

• Deliver fragile therapeutics

• Physically unstable

• Aggregate, fuse, and leak

• Ultra-low temperature

• Mechanical instability persists

• Alter structure, lose payload, or 
collapse due to mechanical forces
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Mechanical Forces

4

Manufacturing Laboratory

Pipetting

Shipping

Mixing All graphics created with bioRender

Shaking



Literature Review

• Literature review of past experiments 
confirmed that “vigorous mixing is 
bad”

• How do we define and quantify 
that?

• When defining vigorous mixing, we 
investigated two main aspects:

• shear rate

• air-water interface
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Shear Rate

• Shear rate ( γ̇ ) – the speed at 
which diƯerent layers of liquid 
move past each other

• What most literature attribute 
LNP mechanical instability to

• Understand whether it's shear 
causing instability, or other forces 
during mixing
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Change in Size vs. Shear Rate

• Hydrodynamic radius: effective 
radius of a particle in fluid

• Low shear rate → large size increase

• High shear rate → no significant size 
increase
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Analyzing Shear Rate
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• Mechanical force: shearing

• Removed all air

• 13,000 1/s for 30 mins

• Analyzed with dynamic light scattering 
(DLS)

• Gives measurement of size

• No increase in hydrodynamic radii

Conclusion: Shear rate is not 
the determinant factor



Air-Water Interface

• Air-water interface – boundary where 
liquid meets air 

• Investigate by changing fill volume

• Greater fill volume → less interface

• Lower fill volume → greater interface
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Change in Size vs. Air-Liquid Regeneration

• Air-liquid interface regeneration 
rate – speed at which a new air-
liquid interface is formed as the 
liquid is mixed

• Regeneration rate increases → 
percent change in radii increases
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Analyzing Air-Liquid Interface

• Mechanical force: vortexing

• Spins liquid into whirlpool shape

• Generates most air-water interface

• Constant time (90s)

• Increasing fill volume (0.1mL - 1.0mL)

• Analyzed samples with DLS
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Describing Data Curves

• Fit data to extract quantitative information

• Bimodal model was better fit, confirming second population
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Bimodal fit: 𝐴ଵ𝑒ି஽భ௤మ௧ + 𝐴ଶ𝑒ି஽మ௤మ௧Unimodal fit: 𝐴𝑒ି஽௤మ௧



Trends with Fill Volume

• Slight upward trend for both confirmed air-water interface factors into instability
• Outliers → Follow up: Only fill volume or an additional variable?
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Effects of Interface Regeneration

• Interface regeneration experiment

• Constant fill volume

• Vortex time intervals

• Plotted Δ𝑅௛ vs. time

• Fill volume not sole factor

• Different trends across speeds

• How can we better visualize 
this data?
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Collapsing Data

• Graphed Δ𝑅௛ vs. interface regeneration 
volume (regeneration rate × time).

• Data collapses into upward trend line 
with log scale

• Interface regeneration factors into 
mechanical instability

• Explains why vigorous mixing is 
detrimental
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Summary: Interface 
regeneration is the major 

determinant of LNP instability



Future Works & Understanding Stability
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Next Steps: Investigate the 
effect of LNP structure on its 

mechanical stability
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Calculating Hydrodynamic Radii

Population 2 (nm)Population 1 (nm)Fill Volume

40.8140.81Neat

544.3854.790.1 mL

477.2052.810.15 mL

397.3441.240.2 mL

614.3948.940.4 mL

286.2039.660.6 mL

569.7142.001.0 mL
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• Calculated hydrodynamic radii using 
the Stokes-Einstein equation:

𝐷 =  
𝑘஻𝑇

6𝜋𝜂𝑟

Bimodal fit: 𝐴ଵ𝑒ି஽భ௤మ௧ + 𝐴ଶ𝑒ି஽మ௤మ௧


