
Optical Trapping of Deformable 
Material

osa.org/weareon

Phil Jones, University College London



The OSA Optical Trapping and 
Manipulation in Molecular and Cellular 

Biology Technical Group Welcomes You!



Technical Group Leadership 2020

Chair
Anna Bezryadina

Calif. State Univ. Northridge, USA

Vice Chair
Peter Reece

Univ. of New South Wales, Australia

Event Officer
Simon Hanna

Univ. of Bristol, UK

Webinar Officer
Justus Chukwunonso Ndukaife

Vanderbilt Univ., USA

Social Media Officer
Rekha Gautam

Vanderbilt Univ., USA



Technical Group at a Glance
•Focus

• Development and application of novel optical trapping and
manipulation techniques to biological problems

• More than 600 members

•Mission
• To benefit YOU
• Webinars, technical events, network events
• Interested in presenting your research? Have ideas for

technical group events? Contact us!

• Find us here
• Website: www.osa.org/BT
• Twitter: hashtag #BTTechGroupOSA

http://www.osa.org/BT


Today’s Webinar:

Prof. Phil Jones
University College London, UK

Optical Trapping of Deformable Material 

Speaker’s Short Bio:
Natural Science at Cambridge University, UK
M.S. at Imperial College, UK
Ph.D. at Oxford University, UK
Postdoc at University College London, UK

Co-authored the book
“Optical Tweezers: Principles & Applications”

philip.jones@ucl.ac.uk

mailto:philip.jones@ucl.ac.uk


Optical trapping of deformable material

P H Jones

Optical Tweezers Group

Department of Physics & Astronomy

UCL

tiny.cc/opticaltweezers

@opticaltweezers

OSA Technical Group Webinar
Tue 06 May 20



This talk is not about….



II. Red blood cells

III. Microemulsions

I. Optical tweezers

Optical trapping of deformable material



II. Red blood cells

III. Microemulsions

I. Optical tweezers

Optical trapping of deformable material



Optical tweezers: trapping mechanism



Optical tweezers: electromagnetic scattering theory



Optical tweezers
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Motivation: Diabetes Mellitus & Diabetic Retinopathy 

• Diabetic retinopathy (DR): deterioration of eyesight caused by 
hyperglycaemic damage to the retinal microvasculature

• DR affects ~80% of all patients who have had diabetes for 10 
years or more

• First stage non-proliferative DR causes narrowing or blocked 
retinal arteries.  Microaneurysms form which leak fluid into the 
retina

• In later stage proliferative DR, vascular occlusion causes retinal 
ischaemia and abnormal new blood vessels (neovascularisation) 
grow out of the retina.  These can burst and bleed into the 
vitreous humour (vitreous haemorrhage) obscuring vision



Hypothesis

• Hypothesis:

• Red blood cell diameter ~8 mm

• Microvasculature in the retina ~5 mm

• Adult human has 20-30 trillion red blood cells

• Blood takes ~1 minute to circulate around the body

• Lifetime of red blood cells is ~120 days

reduced RBC deformability leads to retinal ischaemia and 
subsequent diabetic retinopathy



Protocol

• Blood was taken from three groups of patients presenting at Moorfields Eye Hospital:

– Patients with T2DM but no DR

– Patients with T2DM and associated DR

– Healthy patients with no T2DR

• Groups were age- and gender-matched 

• Routine blood and liver function tests, cholesterol profile, renal function test and coagulation profile were 
performed and compared between the control groups and test group

• There was no statistical significant difference in the study groups for any of the biochemical or haematological 
parameters in the blood.



Biochemical & haematological tests



Biochemical & haematological tests



Methodology: Optical Tweezers



Methodology: Optical Tweezers



Analysis: video microscopy



Analysis: video microscopy



Results: RBC deformability



Results: RBC deformability

• Define a deformability index, which is the fractional change 
in cell length when subject to this stretching protocol: 

 𝑙2 − 𝑙1 𝑙1
• DR patients were found to have a statistically significant 

decrease in deformability of red blood cells compared to 
patients from the control groups

References

• R. Agrawal, et al. 'Assessment of red blood cell deformability 
in type 2 diabetes mellitus and diabetic retinopathy by dual 
optical tweezers stretching technique', Scientific Reports 
6 15873, doi:10.1038/srep15873 (2016)

• T. J. Smart, et al. ‘A study of red blood cell deformability in 
diabetic retinopathy using optical tweezers', Proc SPIE 9548,, 
945820, doi 10.1117/12.2191281 (2015)



Other eye conditions

• Birdshot chorioretinopathy (BCR) is an uncommon, bilateral inflammatory disease affecting the choroid layer of the 
eye, thought to be caused by an inherited immune dysfunction

• Unlike diabetic retinopathy, BCR is not reportedly associated 
with thrombosis and vascular occlusion 

• For cells from these patients we found no significant change 
in cell deformability

• We have also tested cells from patients with Behçet’s
disease (but patient numbers are very small)

References:
• R. Agrawal, et al. ‘Non-occlusive retinal vascular inflammation 

and role of red blood cell deformability in birdshot 
chorioretinopathy', Ocular Immunology and Inflammation 6
978-986 (2019)

• R. Agrawal, et al. ‘Red blood cells in retinal vascular 
disorders', Blood Cells, Molecules and Diseases 56 53-61 (2016)



3D defocussing microscopy
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Microemulsions

• Dispersed phase = n-Heptane (1 part in 400)

• Continuous phase = Water

• Surfactant = 2mMol Docusate Sodium (AOT)

• Interfacial tension, 𝛾~70mN ∙ m−1 ≡ 70 × 103pN ∙ μm−1

• Addition of 40-60mMol NaCl can reduce interfacial tension by several orders of magnitude

• Strong temperature dependence: minimum 𝛾 achieved at phase inversion temperature

• Interfacial tension can be low enough that drop is deformed by optical stress





Deformation under optical stress

Laplace-Young equation

−𝛾𝛻 ∙  𝒏 = ∆𝜎 =
2𝛾

𝑎

Define functional 𝑓 = 𝑟 − 𝑅 𝜃
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Deformation under optical stress



Deformation under optical stress
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• We measure the droplet radius as a 
function of trapping laser power and 
observe decrease in radius to a ‘plateau’, 
consistent with earlier theoretical work

• We only observe this behaviour if the 
temperature of the sample is stablilized

• Without temperature stabilization the 
droplet passes through phase inversion 
and we see a sudden decrease in radius 
followed by a quick recovery

• We attribute this to laser heating of the 
droplet and use it to measure a heating 
rate:

𝐶 = 0.17 ± 0.05 °𝐶 per 100 mW



Measure interfacial tension

𝛾 =
2𝑅0
𝜏

𝜂𝑐
19𝜇 + 16 2𝜇 + 3

80𝜇 + 80
𝜏 = 180 ± 30 ms

𝛾 = 58 ± 9 × 10−6 mN ∙ m−1



Surface fluctuations

Helfrich Hamiltonian:

𝐹 =  𝑆 2𝜅 Δ𝐻 2 + 𝛾 𝑑𝑆 − 𝑝 𝑉 𝑑𝑉; 

Δ𝐻 = 𝐻 − 𝐶0
H = mean curvature; C0 = spontaneous curvature

To second order:

∆𝐹 = 
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Surface fluctuations
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Measure interfacial tension



Future work: fibre trap / optical stretcher



Pulling membrane tethers

H. De Belly, et al. ‘Membrane tension regulates FGF-driven fate choice in embryonic stem cells', 

bioRxiv 798959; doi: https://doi.org/10.1101/798959 (2019)
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