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Measuring the Free Energy of a Single
Molecule with Optical Tweezers

As seen in the Small Biosystems/Felix Ritort lab in the Universitat de Barcelona

A presentation by Eloi Prat Padro for the KITP Undergraduate physics Research Symposium. Special thanks to Isabel Pastor, Lukas Kihnemann, and Félix Ritort.



Why one molecule?
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Figure 1: Comparison between bulk and single molecule experiment results.
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The instrument: An optical trap
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Figure 2: Visual diagram of an optical
tweezer’s inner workings.
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Whatis actually pulled? And how?



Whatis actually pulled? And how?
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Figure 4: Visual representation of the hairpin’s unzipping.



Whatis actually pulled? And how?
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Figure 5: Visual representation of the experiment.



Whatis actually pulled? And how?
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Figure 7: Three images from working at the lab. From left to
right, the optical tweezers, the visuals from the CCD camera,
and the program for controlling the tweezers running.
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The raw signal
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Figure 8: Stretching of a hairpin molecule, taken from Kihnemann.

Data: Kiihnemann, 2026, unpublished — Small Biosystems Lab, Universitat de Barcelona



The curve IS an energy
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Figure 8: Stretching of a hairpin molecule, taken from Kihnemann.

Data: Kiihnemann, 2026, unpublished — Small Biosystems Lab, Universitat de Barcelona
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Pull fast and lose energy
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Figure 8: Stretching of a hairpin molecule, taken from Kihnemann. Figure 9: Release of a hairpin molecule, taken from Kihnemann.

Data: Kiihnemann, 2026, unpublished — Small Biosystems Lab, Universitat de Barcelona



Pull fast and lose energy
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Data: Kithnemann, 2026, unpublished — Small Biosystems Lab, Universitat de Barcelona . o: reiease of a hairpin molecule, taken from Kihnemann.



Final data from one pull
Equilibrium FDC
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Figure 10: Equilibrium force distance curve, taken from Kihnemann. y [ n m ]

Data: Kiihnemann, 2026, unpublished — Small Biosystems Lab, Universitat de Barcelona



Probability

Key idea: The “noise” is the measurement

unfolding Pg(W)

refolding Pr(-W) The crossing point is the only place

where we can compare the two
different paths folding and unfolding.
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Figure 11: Diagram representing the Crook’s method.



Probability

Key idea: The “noise” is the measurement

unfolding P(W)
refolding Pg(-W) Pr(W)

Pr(=W)
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Figure 11: Diagram representing the Crook’s method.



AG distribution
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Figure 12: Delta G distribution results, taken from Kihnemann.



Figure 14: Picture of a microfluidic chamber

What I did
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Figure 15: Schematic representation of a microfluidic chamber.
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What I did

€. Spectra Services < >

X

SU-P2000 Micropipette Puller

27.183,00 USD - World Precision Instruments

Figure 16: Pipette puller used by the Félix Ritort lab (with my 3D printed upgrade to protect the filament). Figure 17: Quick result for pipette puller in google.



What 1 did

) Fisher Scientific <
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650 x 519

1650 x 5194

Eppendorf™ Tube Holder 5/15 mL, for 8 x 5/15 mL
conical tubes

219,50 USD* - Eppendorf™

Figure 18: The Eppendorf holder | designed for the lab. Figure 19: Quick Eppendorf holder google search results.



Whatlamyet tolearn

How is the handles’ stretching subtracted from the stretching of the hairpin?
What sets the width of the work distributions?

What other relationships between ph, length, force... are there yet to be found?

Science is science but sometimes the practice of doing science is an art.



Appendix

* Thank you for listening!
Any questions?

Figure 1: Self-made using Claude Code for SVG coding. Huge thanl(s once again 1O:
Figure 2: Based on a drawing found in Isabel Pastor’s lab, then self-remade using Claude Code for SVG coding
Figure 3, 4 and 5: Self-made using Claude Code for SVG coding

Figure 6: Self-made using Claude Code for SVG coding, shape from Kiihnemann’s poster 2026 (unpublished)
Figure 7: Taken by me while interning at the Small Biosystems Lab oo

Figure 8, 9, and 10: Sourced from Kiihnemann’s poster 2026 (unpublished) LUI(a‘S l(Uhnema‘nn)
Figure 11: Self-made using Claude Code for SVG coding

F?gure 12 and 13: Sourced fTon.1 Kijhr.lemann’s poster 2.026 (unpublished) lS abel PaStOl‘,
Figure 14: Taken by me while interning at the Small Biosystems Lab

Figure 15: Self-made using Claude Code for SVG coding Cue .
Figure 16: Taken by me while interning at the Small Biosystems Lab Fellx thort,
Figure 17: Result of a google search leading to https:/wpiinc.com/products/su-p2000-su-p2000-micropipette-
puller?srsltid=AU7gw4WowY1hUAA7kyK6jUlh6_iAA_8cGHAWgctBrcJyFw6omXhnOWba

Figure 18: Taken by me while interning at the Small Biosystems Lab

Figure 19: Result of a google search leading to https:/www.fishersci.com/shop/products/tube-holder-5-15-ml-8-

X-5-15-ml-conical-tubes/05414104



Jarzynski vs Crooks

PW) — o (W=AG)/kyT

— - Pr(—=W)
(e=WhkaTy = p=AGlyT

PAW) = P(—W) = W=AG

Same answer as in Crooks but the average is dominated by
low-work pulls which are rare so it converges badly on real data.



How i1s force measured?

Extra figure: Sourced from Maillard lab, https://maillardlab.org/?page_id=1062



