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Probing London Dispersion in Solution with 2,2’-Substituted-9,9’-Bifluorenylidenes 

Key Questions:

• What is a molecular balance for noncovalent interactions?

• Which molecular balances have been used to quantify
London dispersion interactions in solution?

• What is the solvophobic effect?

• How can 2,2’-substituted-9,9’-Bifluorenylidenes improve 
our knowledge on London dispersion in solution?
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Part 1 – What is a molecular balance for noncovalent interactions?

3

• Molecular machine

• Two experimentally distinguishable
states called „Folded“ and 
„Unfolded“.

• Allows us to probe microscopic
phenomena like noncovalent
interactions.

• Folded: noncovalent interaction „on“.

• Unfolded: noncovalent interaction „off“.
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Part 2 – Molecular balances used to measure noncovalent interactions

S. Paliwal, S. Geib, C. S. Wilcox, J. Am. Chem. Soc. 1994, 116, 4497; J. Hwang, B. E. Dial, P. Li, M. E. Kozik, M. D. Smith, K. D. Shimizu, Chem. Sci. 2015, 6, 4358; R. Pollice, M. Bot, I. J. Kobylianskii, I. 

Shenderovich, P. Chen, J. Am. Chem. Soc. 2017, 139, 13126; D. van Craen, W. H. Rath, M. Huth, L. Kemp, C. Räuber, J. M. Wollschläger, C. A. Schalley, A. Valkonen, K. Rissanen, M. Albrecht, J. Am. 

Chem. Soc. 2017, 139, 16959.  
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„Wilcox Balance“

• Molecular torsion balances

• Bond roration is slow due to steric
hindrance.

• Rotamers have distinguishable
1H-NMR signals.

• Folded/unfolded equilibrium is
influenced by several different intra-
and intermolecular interactions.

„Shimizu Balance“

Part 2 – Molecular balances used to measure noncovalent interactions

S. Paliwal, S. Geib, C. S. Wilcox, J. Am. Chem. Soc. 1994, 116, 4497; J. Hwang, B. E. Dial, P. Li, M. E. Kozik, M. D. Smith, K. D. Shimizu, Chem. Sci. 2015, 6, 4358; 
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Part 2 – Molecular balances used to measure noncovalent interactions in solution

Gas phase: In solution:

• Folded state is stabilized through:
• Balance-Balance interactions

• Unfolded state is not stabilized

• Folded state is stabilized through:
• Balance-Balance interactions
• Balance solventshell

• Unfolded state is stabilized through:
• Larger balance solventshell

Molecular balances in solution are influenced by the solvophobic effect.
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Part 2 – Molecular balances used to measure noncovalent interactions in solution

• Dimerization balance

• Monomer/dimer equilibrium is
influenced by choice of substituent

• Equilibrium can be probed in gas and
liquid phase.

• London dispersion is attenuated in 
DCM solutions by 70%.

R. Pollice, M. Bot, I. J. Kobylianskii, I. Shenderovich, P. Chen,  J. Am. Chem. Soc. 2017, 139, 13126; 
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Part 2 – Molecular balances used to measure noncovalent interactions in solution

Why is this important?

London dispersion was generally ignored for centuries because of its
„weakness“ in contrast to other noncovalent interactions.

A better understanding of London dispersion in solution could allow us
to make better predictions on how to apply it in fields like catalysis, 
reaction design etc.
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Checklist:
1. Synthesis
2. E/Z Isomer distinguishable
3. Isomerization (kinetics)
4. What is influencing the equilibrium?
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

S. Wertz, D. Leifert, A. Studer, Org. Lett. 2013, 15, 928-931. 
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Checklist:
1. Synthesis
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

E        Z              Z E
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Checklist:
1. Synthesis
2. E/Z Isomer distinguishable
3. Isomerization (kinetics)
4. What is influencing the equilibrium?
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Checklist:
1. Synthesis
2. E/Z Isomer distinguishable
3. Isomerization (kinetics)
4. What is influencing the equilibrium?
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Equilibrium might be influenced by:

• London dispersion
• Steric repulsion
• Solvophobic effects
• Dipolemoment

Can we isolate some of those interactions experimentally?
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

How can we design a Bifluorenylidene 
balance only dependent of difference in 
dipolemoment?

• No dispersive/repulsive interactions.

• No difference in solvent accessible
surface.

• Difference in dipolemoment.

S. Wertz, D. Leifert, A. Studer, Org. Lett. 2013, 15, 928-931. 
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Solvent E/Z ratio

CDCl3 50/50

Benzene d6 50/50

Nitrobenzene d5 50/50

Do 2,2‘ and 3,3‘ substituted
Bifluorenylidenes have similar
dipolemoments?

3,3‘ tBu 2,2‘ tBu 2,2‘ Cy 2,2‘ iPr 2,2‘ C2H 2,2 Ph

 𝑑 (E) 
(Debye)

0.36 0.46 0.57 0.41 0.74 0.02

 𝑑 (Z) 
(Debye)

0.85 0.96 1.25 0.91 1.55 0.17

The influence of difference in dipolemoment on Keq should be negligible!

*All dipolemoments were computed using B3LYP(D3)/def2TZVP.

*
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

How can we design a Bifluorenylidene 
balance only dependent of solvophobic
effects?

• No dispersive/repulsive interactions.

• Difference in solvent accessible
surface.
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

(E)-1

ΔS = 2.55 Å2

(Z)-1

ΔS = 0.00 Å2

isosurface of

electron density

at 0.0001

We can use those values to esimate the influence of solvophobicity on our
other balances.
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Part 3 – Bifluorenylidenes as Molecular Balances for London Dispersion

Can we use those values to calculate the influence of solvophobicity on our
other balances?

Keq (benzene d6, 298 K) = 0.72

ΔGE/Z = -0.194 kcal/mol

ΔS = 2.55 Å2

Esolv = -0.076 kcal/mol Å2

Assumptions: 
1. Keq of this system is primarily influenced by solvophobic effects. 
2. Every part of the solvent accessible surface is treated equally. 
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Part 4 – Summary

• Experimental results suggest that difference in dipolemoment is not influenceing the
E/Z equilibrium of 2,2‘-substituted-9,9‘-Bifluorenylidenes.

• 2,2‘-Diethynyl-9,9‘-bifluorenylidene can therefore be used to probe solvophobic
effects.

• Experimentally derived Edisp values could be obtained through this pathway.                
Can we reproduce the 70 % attenuation in DCM solutions?
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Part 5 – Side Project
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Part 5 – Side Project
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Continuous‐wave photoluminescence (PL) spectra
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Part 5 – Side Project

Time dependant photoluminescence spectra
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Part 5 – Side Project

Time dependent photoluminescence spectra (3D)
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Part 6 - Outlook

But why?

“The excited state dynamics of 9,9′-BF were studied in detail through 

ultrafast time-resolved fluorescence and transient absorption in the visible 

and mid-IR regions. The primary relaxation step is extremely rapid (100 

fs) and involves population of an intermediate (dark) state […].

Z Isomer has different relaxation mechanism

J. Conyard, I. A. Heisler, W. R. Browne, B. L. Feringa, S. Amirjalayer, W. J. Buma, S. Woutersen, S. R. Meech J. Phys. Chem. A 2014, 118, 5961.
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Part 6 - Outlook

Z Isomer has different relaxation mechanism

Thermally activated delayed fluorescence (TADF) is a process through which a 
molecular species in a non-emitting excited state can incorporate surrounding 
thermal energy to change states and only then undergo light emission. 

Y. Duan, L. Wen, Y. Gao, Y. Wu, L. Zhao, Y. Geng, G. Shan, M. Zhang, Z. Su J. Phys. Chem. C 2018, 122, 40, 23091.
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Part 6 - Outlook

• Investigating the possible use of 2,2‘-Ethynyl-9,9‘-Bifluorenylidene as a molecular balance for
solvophobic effects.

• Can we reproduce 70 % attenuation of London dispersion in DCM solutions?

• Are solvophobic effects temperature dependant?

• Performing computations on the exited state chemistry of (Z)-2,2‘-Diphenyl-9,9‘-bifluorenylidene.
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• Double Mutant Cycle

• Approximation to isolate the
n-hexyl/n-heptyl interactions.

• Assumptions:

• Core Structure is not influenced by removal
of alkyl chain.

• Alkyl-alkyl and secondary interactions are
additive.

• Secondary effects are „black
box“

Double Mutant Cycle


