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Quantum Effects in Biological Systems 
Conference 26-30 March 2017 

 

 

Welcome to Quantum Effects in Biological Systems (QuEBS) 2017 conference website. 

The conference will be devoted to the identification and study of quantum mechanical 

phenomena in biological systems. This is a newly-emerging area of interdisciplinary 

research encompassing physics, chemistry, biology, material science, and quantum 

information science. 

In this conference, we intend to explore processes at the biological quantum classical 

border. The importance of quantum process in wide range of biological systems 

including photosynthetic systems, bird navigation and olfaction will be discussed. For 

example, the role of dynamical quantum coherence and decoherence in biological 

systems. 

The conference will provide new insights for engineering artificial biomemetic systems 

to achieve optimal energy transport with potential applications for the development of 

more efficient solar cells, detectors and quantum devices. The conference will comprise 

both invited and contributed talks and will include opportunities for brainstorming and 

discussions to promote this novel research area. 

After meetings in Lisbon (2009), Harvard (2010), Ulm (2011), Berkeley (2012), Vienna 

(2013), Singapore (2014), Florence (2015) and Durban (2016) the next QuEBS will take 

place in Jerusalem, Israel chaired by Prof. Noam Adir, Dr. Yonathan Dubi, Prof. Nir 

Keren, Prof. Yossi Paltiel and Dr. Adi Salomon. 
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Detailed Program 
 

Sunday March 26th 

16:00 Registration 

16:30 Opening – Jonathan Drori, Communicating Science: 10 Golden Rules 

17:00 Reception 

18:00 Welcome and Greetings, honored by IIAS Director, Prof. Michal Linial 

Jonathan Drori, Plant Communication 

 

Monday March 27th 

8:30 Coffee 

 
Overview 

Chair: Yossi Paltiel 

 

9:00 Nathan Nelson, High-resolution structures of plant and cyanobacterial 

Photosystem I 

9:30 Martin Plenio, Vibronic Effects in Natural and Artifical Light- Harvesting: Theory 

and Experiment 

10:00 Darius Abramavicius, Exciton dynamics on curved potentials 

10:15 Paul Falkowski, The flexible absorption cross section of the light harvesting 

antenna complex in marine phytoplankton 

10:45 Coffee Break 

 
Spectroscopy 1 

Chair: Jianshu Cao 

 

11:15 Dror Noy, Artificial protein-pigment analogues of photosynthetic complexes as 

benchmarks for studying quantum mechanical principles of light-harvesting 

11:45 Yoni Toker, Unraveling the molecular basis for vision and photosynthesis with 

action spectroscopy 

12:15 Birgitta K. Whaley, Fully Quantum Microscopic Analysis of Light Absorption in 

Natural Photosynthesis 

12:45 Thorsten Hansen, 2D Electronic Spectra of Marcus Electron Transfer 

13:00 Lunch Break 
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Quantum Bio-Systems 

Chair: Yonatan Dubi 

 

14:15 Vladimiro Mujica, Electron-phonon Interaction and Temperature-independent 

Electron Transfer in Biological Systems 

14:45 Matthew Fisher, Are we quantum computers, or merely clever robots? 

15:15 Elinor Harush, Transport in Light harvesting networks 

15:30 Tomas Mancel, Ultrafast Excitation Energy Transfer with Competing Channels 

16:00 Jerusalem Tour 

 
Tuesday March 28th 

8:30 Coffee 

 
Photosynthesis 1 

Chair: Noam Adir 

In memory of Itzhak Ohad 

 

9:00 Jianshu Cao, Quantum Coherence in Light-harvesting Energy Transfer 

9:30 Rienk Van-Grondelle, Coherent mixing of the excited and charge-transfer states in 

the major plant light-harvesting antenna, LHCII 

10:00 Ido Eisenberg, Reversing the energy flow direction in a cyanobacterial light 

harvesting antenna complex 

10:15 Christoph Lienau, Ultrafast multidimensional spectroscopy of charge-transfer 

processes in light-harvesting systems 

10:45 Coffee Break 

 
Magnetic Sensing 

Chair: Martin Plenio 

In memory of Klaus Schulten 

 

11:15 Igor Schapiro, Insight into the thermal and light-activated isomerization in 

rhodopsin from QM/MM simulations 

11:45 Iannis Kominis, Quantum information processing in the radical-pair mechanism 

12:15 Ran Nathan, Animal navigation: Basic concepts, movement patterns and 

underlying mechanisms 

12:45 Emil Sjulstok, Computational modeling of variable electron transfer pathways in 

amphibian cryptochrome 

13:00 Lunch Break 
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Photosynthesis 2 

Chair: Igor Schapiro 

 

14:15 Bruno Robert, Tracking the low frequency modes in photosynthetic pigments and 

proteins 

14:45 Paul Brumer, Seeking Quantum Effects in Biological Systems: From Photosynthesis 

to Vision 

15:15 Dvir Harris, Orange carotenoid protein burrows into the phycobilisome to provide 

photoprotection 

15:30 Theodore Goodson, Entangled Photon Spectroscopy in Organic Materials 

 

16:00 Poster Session, beer and refreshment 

18:30 Mordechai Stein, The Dead Sea - archive of the climate and seismic history of the 

Levant region during the past 130000 years 

 
Wednesday March 29th 

8:30 Coffee 

 
Spectroscopy 2 

Chair: Dror Noy 

 

9:00 Elisabetta Collini, Role of scaffold flexibility and disorder in the coherent dynamics 

of bio-mimetic systems 

9:30 Gabriela S. Schlau-Cohen, Dynamics of Photosynthetic Light Harvesting: From 

Conformational Changes to Excitation Energy Transfer 

10:00 James Lim, Correlated fluctuations and two-dimensional electronic spectroscopy 

10:15 Howe-Siang Tan, Multidimensional Electronic Spectroscopy of Excitation Energy 

Transfer Processes in Plant Light Harvesting Complexes 

10:45 Coffee Break 

 
Olfaction 

Chair: Nir Keren 

 

11:15 Efthimios M.C Skoulakis, Vibrational detection of odorants in Drosophila 

11:45 Noam Sobel, Uncovering the Just Noticeable Difference (JND) in Olfaction Revealed 

a Set of Odor Primaries that Combine to Generate any Perceivable Odor 

12:15 Luca Turin, Electron spin and general anesthesia in Drosophila 

12:45 Excursion to the Dead Sea and the Masada 

 Sandwiches will be served for lunch and Dinner will be served at the Dead Sea 
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Thursday March 30th 

8:30 Coffee 

 
Transport in Bio-Systems 

Chair: Adi Salomon 

 

9:00 Ron Naaman, Spin as manifestation of quantum mechanics in Biology 

9:30 David Cahen, Bio-molecular Electronics, Electron Transport across Proteins 

10:00 Semion Saikin, Quantum environment: controlling energy transfer in vivo 

10:15 Uri Peskin, Distance-independent Transport Rates in Biomolecules by Quantum 

Unfurling 

10:45 Coffee Break 

 
Quantum Meets Bio 

Chair: Rieank Van-Grondelle 

 

11:15 Fedor Jelezko, Diamond quantum sensors for life sciences 

11:45 Niek Van-Hulst, TBA 

12:15 Enrique Solano, A perspective on biomimetic quantum technologies 

12:45 David Gelbwaser-Klimovsky, On thermodynamic inconsistencies in several 

photosynthetic and solar cell models and how to fix them 

13:00 Lunch Break 

 
Future Ideas 

Chair: Francesco Petruccione 

 

14:15 Shmuel Gurvitz, Closed equations for energy transfer in Light-Harvesting complex 

and multi-exciton trapping 

14:45 Erik Gauger, Quantum-enhanced light harvesting with biologically-inspired 

photocells 

15:15 Eyal Cohen, Controlled coupling in hybrid nano-crystals/organic molecules 

structures - mimicking nature in artificial systems 

15:30 Alon Zaslaver, Neural pulses code chemical gradients dictating chemotaxis 

strategy 

16:00 Closing 
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High-resolution structures of plant and cyanobacterial 
Photosystem I 

Yuval Mazor, Anna Borovikova, Sigal Netzer‐El, Daniel Klaiman, Maya Antoshvili, 

Tirupathi Malavath and Nathan Nelson 

Department of Biochemistry, The George S. Wise Faculty of Life Sciences, Tel Aviv 

University, Tel Aviv, 69978, Israel 

 

Plant Photosystem I (PSI) is one of the most intricate membrane complexes in Nature. It 

is comprised of two complexes, a reaction center and light-harvesting LHCI. We 

developed a method for obtaining better mass spectroscopy data from membrane 

complexes. Using the corrected amino acid sequences an improved plant PSI structure 

was obtained. An atomic-level structural model of higher plant PSI at 2.6 Å resolution 

has been constructed based on new crystal form. The crystal belongs to P212121 

symmetry space group, with one protein complex in each asymmetric unit. The 

structure includes 16 subunits and more than 200 prosthetic groups, the majority of 

which are light harvesting pigments. The model reveals detailed interactions, providing 

mechanisms for excitation energy transfer and its modulation in one of Nature's most 

efficient photochemical machine. 

An operon encoding PSI was identified in cyanobacterial marine viruses. We generated a 

PSI that mimics the salient features of the viral complex containing PsaJ-F fusion 

subunit. The mutant is promiscuous for its electron donors and can accept electrons 

from respiratory cytochromes. We solved the structure of the PsaJ-F fusion mutant as 

well as a monomeric PSI at 2.8 Å resolution, with subunit composition similar to the 

viral PSI. The novel structures provided for the first time a detailed description of the 

reaction center and antenna system from mesophilic cyanobacteria, including red 

chlorophylls and cofactors of the electron transport chain. Our finding extends the 

understanding of PSI structure, function and evolution and suggests a unique function 

for the viral PSI.  
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Vibronic Effects in Natural and Artifical Light- 
Harvesting: Theory and Experiment 

Martin B. Plenio 

Institute of Theoretical Physics, Ulm University, Ulm, Germany 

*martin.plenio@uni-ulm.de 

 

The coupling of vibrational motion, coherent and incoherent, to excitonic and electronic 

dynamics is a central element of our understanding of excitation energy and charge 

transport as well as charge separation dynamics in natural and artificial light-harvesting 

systems [1]. In this talk I will discuss our work in this area including the concept of 

noise-assisted transport [2] and the proposal of the central role of the coupling of long-

lived vibrations and electronic motion to long-lived coherent signals and transport [3]. I 

will report both theoretical work and recent experimental efforts towards the 

demonstration of vibronic coupling in artificial light harvesting [4, 5]. 

 

References: 
1. S.F. Huelga and M.B. Plenio, Contemp. Phys. 54, 181 (2013) 

2. M.B. Plenio and S.F. Huelga, New J. Phys. 10, 113019 (2008); F. Caruso, A.W. Chin, A. Datta, S.F. 

Huelga and M.B. Plenio, J. Chem. Phys. 131, 105106 (2009); M. del Rey, A.W. Chin, S.F. Huelga and 

M.B. Plenio, J. Phys. Chem. Lett. 4, 903 (2013); N. Killoran, S.F. Huelga and M.B. Plenio, J. Chem. 

Phys. 143, 155102 (2015) 

3. J. Prior, A.W. Chin, S.F. Huelga and M.B. Plenio, Phys. Rev. Lett. 105, 050404 (2010); A.W. Chin, J. 

Prior, R. Rosenbach, F. Caycedo-Soler, S.F. Huelga and M.B. Plenio, Nature Physics 9, 113 (2013); 

M.B. Plenio, J. Almeida and S.F. Huelga, J. Chem. Phys. 139, 235102 (2013) 

4. J. Lim, D. Palecek, F. Caycedo-Soler, C.N. Lincoln, J. Prior, H. v. Berlepsch, S.F. Huelga, M.B. Plenio, D. 

Zigmantas, and J. Hauer, Nature Comm. 6, 7755 (2015) 

5. De Sio, F. Troiani, J. Rehault, E. Sommer, J. Lim, S.F. Huelga, M.B. Plenio, M. Maiuri, G. Cerullo, E. 

Molinari, and Ch. Lienau. Nature Comm. A. De Sio, F. Troiani, J. Rehault, E. Sommer, J. Lim, S.F. 

Huelga, M.B. Plenio, M. Maiuri, G. Cerullo, E. Molinari, and Ch. Lienau. Tracking the coherent 

generation of polaron pairs in conjugated polymers. Nature Comm. 7, 13742 (2016) 
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Exciton dynamics on curved potentials 

Darius Abramavicius 

Department of Theoretical Physics, Vilnius University, Sauletekio al. 9-III, 10222, Vilnius, 

Lithuania,  

*darius.abramavicius@ff.vu.lt 

  

Recent advances in two-dimensional electronic spectroscopy (2DES) revealed broad 

range of coherences of molecular complexes. At low temperature these processes can be 

revealed via highly structured spectral lineshapes.  

Harmonic modes of nuclear degrees of freedom can be characterized by the spectral 

density function. Its smooth background results from the so-called phonon modes and 

causes spectral broadening and relaxation, while its sharp peaks reflect couplings 

between the electronic excitations and the specific intramolecular modes. Spectroscopic 

measurements of photosynthetic pigment-protein complexes at various temperatures 

point to anharmonic nature of molecular vibrational potential surfaces. Hence, the 

spectral density function becomes insufficient quantity to characterize the whole set of 

parameters.  

This extended dimension of the bath can be inspected by spectroscopic measurements 

at low temperatures. We studied exciton dynamics on curved potentials using stochastic 

exciton dynamics and find that squeezed nuclear wavepackets are formed in the excited 

state and they modulate exciton transfer characteristics. 
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The flexible absorption cross section of the light 
harvesting antenna complex in marine phytoplankton 

Paul G. Falkowski 

Environmental Biophysics and Molecular Ecology Program, Marine and Coastal Sciences, 

Rutgers University 

 

The effective absorption cross section of Photosystem II can be modified on time scales 

of minutes in response to spectral irradiance.  We followed changes in the cross section 

in the upper ocean by measuring the kinetics of chlorophyll fluorescence rise induced by 

a single turnover saturating light pulse, and simultaneously measuring the fluorescence 

lifetimes. The two, complimentary measurements reveal that as irradiance varies 

throughout the day (in response to solar elevation and/or cloud cover), the cross 

section and lifetimes vary conversely. That is, when light is high, cross sections and 

lifetimes decrease, while when light is low, cross sections and lifetimes increase.  The 

variations are due to exciton quenching within the antenna complex.  Our results show 

that the antenna complex adjusts to irradiance like a camera aperture, allowing the 

optimal flux of excitation to reach the reaction center, that is when excitation flux is 

equal to electron flow.  This phenomenon evolved in the earliest oxygenic 

photoautotrophs and was retained in plants. 
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Artificial protein-pigment analogues of photosynthetic 
complexes as benchmarks for studying quantum 

mechanical principles of light-harvesting 

Dror Noy 

Migal-Galilee Research Institute, Kiryat Shmona, Israel 

 

Photosynthesis is initiated by fundamental physical processes that include the 

absorption of light, long-range transfer of excitation energy, and photoinduced charge 

separation. These are carried out by networks of pigments and redox cofactors 

assembled and organized in highly-ordered structures by specific proteins. The high 

abundance of photosynthetic protein-pigment complexes, the rich and informative 

spectra of their pigments, and the availability of high-resolution crystal structures have 

made photosynthetic complexes an exciting playground for spectroscopists, and 

subjects of extensive research by a broad range of spectroscopic methods. Yet, the 

natural systems have certain shortcomings that limit the possibilities of rigorous 

physical studies. Particularly, crowded pigment arrays have highly convoluted spectra, 

and it is hard to manipulate the protein scaffolds by mutagenesis since most 

photosynthetic complexes are essential to the organism’s survival and many mutations 

are deleterious to the complex’ functionality. To circumvent these problems, we are 

designing and constructing protein pigment complexes that are small and simplified 

analogues of the native elaborate photosynthetic complexes. We aim to build water-

soluble protein scaffolds that can be recombinantly expressed in E. coli and self-

assembled with native or modified pigments in vitro. Since many photosynthetic 

pigments are hydrophobic and water-insoluble, we established a novel method for 

assembling these with water-soluble proteins by using water-in-oil emulsions. The 

protein scaffolds that are considered range from native water-soluble proteins such as 

the water-soluble chlorophyll-binding protein from brassicaceae (WSCP), and the Fenna 

Mathews Olson protein (FMO) to computationally designed helical bundles. The 

challenges and prospects of our methodology will be discussed. 
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Unraveling the molecular basis for vision and 
photosynthesis with action spectroscopy 

Y. Toker 

Bar-Ilan University 

 

Action spectroscopy allows one to measure the photo-properties of isolated 

chromophores. These measurements can be directly compared with high level quantum 

calculations and, in a bottom up approach, form the basis for our understanding of the 

quantum molecular basis for biological processes involving visible light such as vision, 

photosynthesis and bioluminescense. This talk will explain the fundamentals of action 

spectroscopy and its strength in answering questions relating to quantum biology, and 

focus on two recent examples: measurement of the intrinsic color of chlorophyll 

pigments, and measuring isomerizations of the retinal chromophore.  

 

 
Refrences: 

1. “On the Exciton Coupling between Two Chlorophyll Pigments in the Absence of a Protein 

Environment: Intrinsic Effects Revealed by Theory and Experiment” B.F. Milne, C. Kjær, J. 

Houmøller, M.H. Stockett, Y. Toker, A. Rubio, S. Brøndsted Nielsen; Angew. Chem. Int. Ed. 128 

(2016), 6356-6359. 

2. “Unraveling the Intrinsic Color of Chlorophyll” B. F. Milne, Y. Toker, A. Rubio, S. Brøndsted Nielsen, 

Ang. Chem. Int. Ed. 5 (2015), 2170. 

3. “Measurement of the stabilities of isolated retinal chromophores” L. Musbat, M. Nihamkin, Y. Toker, 

J. M. Dilger, D. R. Fuller, T. J. El-Baba, D. E. Clemmer, S. Sarkar, L. Kronik, A. Hirshfeld, N. Friedman, 

and M. Sheves, Phys. Rev. E 95 (2017), 012406. 

4. “Direct Measurement of the Isomerization Barrier of the Isolated Retinal Chromophore”, J. Dilger, 

L. Musbat, M. Sheves, A. B. Bochenkova, D. E. Clemmer, Y. Toker, Ang. Chemie Int. Ed. 127 (2015), 

4830-4834. (Frontispiece) 

  

http://onlinelibrary.wiley.com/doi/10.1002/ange.201601979/full
http://onlinelibrary.wiley.com/doi/10.1002/ange.201601979/full
http://onlinelibrary.wiley.com/doi/10.1002/anie.201410899/full
http://journals.aps.org/pre/abstract/10.1103/PhysRevE.95.012406
http://onlinelibrary.wiley.com/doi/10.1002/ange.201411894/full
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Fully Quantum Microscopic Analysis of Light 
Absorption in Natural Photosynthesis 

Birgitta Whaley 

University of California, Berkeley 

 

Photosynthetic light harvesting of plants and bacteria in vivo is characterized by the 

remarkable capability of producing electron-hole pairs from absorbed photons with 

near unit efficiency under weak illumination conditions. While much is now known 

about the microscopic dynamics of excitonic energy transport that follows the initial 

process of photoexcitation, relatively little is known about the microscopic spatio-

temporal dynamics of photon absorption by natural light harvesting systems. I shall 

describe a theoretical approach for an integrated and consistent fully quantum 

description of the absorption of single photons from sunlight by light harvesting 

systems composed of chromophore-protein complexes and subsequent excitonic energy 

transport. The approach takes into account the quantum nature of the radiation field of 

sunlight and its interaction with chromophores, as well as the non-Markovian coupling 

of these to intra- and intermolecular vibrations of the chromophores and their protein 

environment in the light harvesting complex. Results for excitation of small groups of 

chromophores in realistic light harvesting systems will be presented and the 

implications for analysis of the multiple time scales in the transduction of photonic to 

electronic energy discussed. 
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2D Electronic Spectra of Marcus Electron Transfer 

Thorsten Hansen* 

Department of Chemistry, University of Copenhagen, H.C.Ørsted Institute, 2100 

Copenhagen Ø, Denmark, 

*thorsten@chem.ku.dk 

 

We use non-equilibrium Green’s functions to describe 2D spectra of Marcus electron 

transfer. 

Coherent multi-dimensional spectroscopy enables direct measurement of the 

coherences associated with dynamic processes in photochemical systems. Most 

experiments have reported on energy migration, often in photosynthetic antenna 

systems. A few recent papers discuss electron transfer. 

Based on a Keldysh contour formulation of four-wave mixing spectrosopy [1], recently 

extended to include molecular vibrations, we discuss theoretically the coherent features 

of the prototypical electron transfer – Marcus electron transfer. 

The quantum coherences of electronic processes provide a new window into 

mechanistic understanding. These prospects will be discussed. 

 
[1] T. Hansen, T.Pullerits, J.Phys.B:At.Mol.Opt. 45 (2012) 154014. 

  

mailto:*thorsten@chem.ku.dk
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Electron-phonon Interaction and Temperature-
independent Electron Transfer in Biological Systems 

Albert C. Aragonès1,2, Ernesto Medina2,3, Ismael Díez-Pérez1,2*, Vladimiro 

Mujica4,5* 

1Department of Material Science and Physical Chemistry, University of Barcelona, 

Barcelona 08028, Catalonia, Spain 
2Institute for Bioengineering of Catalonia (IBEC), Barcelona 08028, Catalonia, Spain and 

Centro Investigación Biomédica en Red (CIBER-BBN). Campus Río Ebro-Edificio I+D, Poeta 

Mariano Esquillor s/n, 50018 Zaragoza, Spain 
2Centro de Física, Instituto Venezolano de Investigaciones Cientificas (IVIC), Apartado 

21827, Caracas 1020A, Venezuela 
3School of Physics Yachay Tech, Yachay City of Knowledge, 100119-Urcuqui, Ecuador 

4Arizona State University School of Molecular Sciences Physical Sciences Center PSD-D102, 

Tempe, AZ 85287 
5School of Chemical Sciences and Engineering, Yachay Tech, Yachay City of Knowledge, 

100119-Urcuqui, Ecuador 

 

Electron-phonon interaction is one of the main mechanisms affecting coherence in 

electron transfer (ET) reactions in molecules and also conductance in molecular 

junctions, which in turn, strongly influences the distance dependence of ET rates.  

Electron-phonon interaction is also responsible for the fact that rates are temperature-

dependent, e.g. in Marcus theory.  

 

We will discuss a novel effect that has been largely ignored in the literature: namely that 

in the presence of spin-orbit coupling, as needed to describe transport in chiral 

biological systems, electron-phonon interaction can protect coherence and hence 

determine temperature-insensitive ET rates. The underlying physical reason for this 

unexpected behavior is that the conservation of angular momentum as required for the 

exchange of phonons by electrons is strongly disrupted by spin-orbit interaction. A 

comparison to experimental measurements will also be presented. 
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Are we quantum computers, or merely clever robots? 

Matthew P.A. Fisher 

UC Santa Barbara 

 

Of course quantum information processing is not possible in the warm wet brain. There 

is, however, one "loophole" - offered by nuclear spins - that must be closed before 

acknowledging that we are merely clever robots. Putative neural quantum processing 

with nuclear spins seemingly requires fulfillment of many unrealizable conditions: for 

example, a common biological element with a very isolated nuclear spin to serve as a 

qubit, a mechanism for quantum entangling qubits, a mechanism for quantum memory 

storage and processing, a quantum to biochemical transduction that modulates neuron 

firing rates, among others. My strategy, guided by these requirements, is one of reverse 

engineering seeking to identify the bio-chemical substrate and mechanisms hosting such 

putative quantum processing. Remarkably, a specific neural qubit and a unique 

collection of ions, molecules and enzymes is identified, illuminating an apparently single 

path towards nuclear spin quantum processing in the brain. 
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Transport in Light harvesting networks 

Elinor Zerah Harush, Yonatan Dubi 

Department of Chemistry and Ilse-Katz Institute for Nanoscale Science and Technology, 

Ben-Gurion University of the Negev, Israel 

 

Photosynthesis is a fundamental process by which plants manufacture carbohydrates 

using energy from the sun. In this process, energy from the sun is captured in the 

organism, and transported through an energy transfer complex (ETC) to the reaction 

center in the organism (where the chemical-reaction takes place). Recently an 

experimental study indicated that the process of energy transport in the complex 

involves quantum effects. Since the surrounding of the transfer complex is very "noisy", 

we believe that quantum and classic effects are co-exist in the process, hence we derived 

a Lindblad-Form equation that enable us to control the balance between the classic and 

the quantum effects. our initial step was to study the simplest system, a linear uniform 

chain, surprisingly, even in the most simple systems, there are specific conditions that 

yield enhanced efficiency , meaning that the environment assist in the heat transport 

through the system,. In order to investigate the exact mechanism, we derived an analytic 

expression for the efficiency, and reviled a new phenomenon; it appears that there is a 

strong correlation between the occupations (i.e the probability of a site in the chain to 

be excited) of the sites in the chain and the efficiency of the system. To the best of our 

knowledge, this finding had never been published. This research can potentially 

promote our understanding of one of the most fundamental processes that shaped (and 

that is still shaping) our planet. Elucidating the design principles of the photosynthetic 

transfer complexes may help elucidate the evolutionary processes that led to their 

formation and to their current structural manifestations. And may play significant roles 

in future electronic and light-harvesting devices. 
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Ultrafast Excitation Energy Transfer with Competing 
Channels 

Tomáš Mančal 

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Prague 2, 

Czech Republic 

 

To survive in ever changing natural environments, photosynthetic organisms have to 

carefully balance efficient light-energy capture with photo-protective mechanisms. They 

employ light harvesting pigments with long life-time to provide efficient energy 

transfer, and they harbor pigments exhibiting surprisingly short excited state life-times 

to enable efficient excitation quenching when needed. Various types of carotenoids are 

the typical representatives of light-harvesting pigments with short life times of excited 

states. Bright states of carotenoids may decay on the time scale of 100 fs, yet they may at 

the same time deliver the excitation to neighboring chlorophyll molecules with more 

than 50 per cent probability. All this despite a large apparent energy gap which this 

energy transfer has to cross. To explain sub 100 fs transfer times from carotenoid bright 

states to chlorophyll molecules by standard relaxation theories seems to require 

resonance coupling too high to be consistent with both the conditions under which 

these theories apply and with the conservation of monomeric spectral features [1]. We 

will demonstrate that the ultrafast energy transfer is enabled by the presence of high-

frequency vibrational modes in the carotenoid. These modes establish resonant 

conditions for the energy transfer. We present two theoretical solutions to the problem, 

namely, explicit treatment of characteristic vibrational levels within the Hamiltonian [1] 

and improved relaxation theory, which includes vibrational modes into thermodynamic 

bath, but nevertheless describes correctly the resonance condition [2]. Due to 

competition with other ultrafast channels, the carotenoid to chlorophyll energy transfer 

occurs very early after excitation, yet the efficiency of energy transfer does not require 

any dynamic coherences in electronic nor in vibrational degrees of freedom. The 

efficiency is easily explained by the concept of resonance, which we propose (or rather 

confirm) is the characteristic feature of efficient energy transferring photosynthetic 

systems. 
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Quantum Coherence in Light-harvesting Energy 
Transfer 

Jianshu Cao 

Department of Chemistry, MIT 

jianshu@mit.edu 

 

Quantum coherence plays a central role in light-harvesting complexes and is explored in 

the context of Forster energy transfer and sunlight excitation: 

The dynamics excited from the ground state incoherently can exhibit coherence on the 

picosecond time-scale for parameters relevant for photosynthetic complexes. We have 

derived a relationship between the properties of the steady state on the exciton 

manifold and the transient dynamics induced by initial excitation, thus connecting 

incoherent sunlight excitation and non-linear spectroscopy. [1] Further analysis can 

reveal the signature of quantum coherence in single photon counting statistics.  

Forster theory is the basis for describing energy transfer rate in light-harvesting 

systems and has been extended to multi-chromophoric (MC) systems by incorporating 

the coherence between excitons and its environments. This coherence is fully counted in 

two recently developed methods: numerically exact stochastic path integrals (SPI) [2] 

and theoretically self-consistent coherent potential approximation (CPA) [3], which 

reliably predict the MC spectra and MC Forster rates in light-harvesting systems. For 

symmetric LH2 rings, the inter-ring transfer rate is shown to be 9ps without disorder 

and around 20ps with disorder. This and other applications demonstrate the robustness 

of energy transfer in LH2 of purple bacteria, FMO of green bacteria, and PBS of 

cyanobacteria. [4,5,6] 
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Coherent mixing of the excited and charge-transfer 
states in the major plant light-harvesting antenna, 

LHCII 

Charusheela Ramanana*, Marco Ferrettia, Henny van Roona, Vladimir 

Novoderezhkinb, Rienk van Grondellea* 

VU Amsterdam 

 

LHCII, the major light harvesting antenna from plants, plays a dual role in 

photosynthesis. In low light it is a light harvester while in high light it is a quencher that 

photoprotects the plant. The switching mechanism between these two orthogonal 

conditions is mediated by protein dynamic disorder and photoprotective energy 

dissipation, the latter of which is thought to occur in part via spectroscopically ‘dark’ 

states. We searched for such states on the red side of the LHCII absorption band by 

measuring 2D electronic spectroscopy of LHCII trimers from spinach at both 77K and 

room temperature. 2D beating frequency maps allow us to identify four frequencies 

with strong excitonic character. In particular, and for the first time, our results show the 

presence of a low-lying state that is coupled to a low-energy excitonic state. We assign 

this to a mixed excitonic-charge-transfer state involving the Chl a602-a603 dimer and 

Chl a603-b609 heterodimer, respectively. Such a state may, in conjunction with specific 

and environmentally controlled realizations of protein dynamic disorder, play a role in 

photoprotection. Analysis of the 2D frequency maps suggests that the structure of 

exciton states as well as mixing of the excited and charge-transfer states is affected by 

coupling of these states to resonant vibrations. 
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Reversing the energy flow direction in a 
cyanobacterial light harvesting antenna complex 

Ido Eisenberg1*, Felipe Caycedo-Soler2, Dvir Harris3, Shira Yochelis1, Susana F. 

Huelga2, Martin B. Plenio2, Noam Adir3, Nir Keren4, Yossi Paltiel1* 

1Applied Physics Department and The Center for Nano-Science and Nano-Technology, The 

Hebrew University of Jerusalem, Jerusalem, 9190401 Israel 
2Institute of Theoretical Physics, Ulm University, Albert Einstein Alle 11, 89069 Ulm, 

Germany 
3Schulich Faculty of Chemistry, Technion - Israel Institute of Technology, Haifa, 32000 

Israel 
4Department of Plant and Environmental Sciences, Alexander Silberman Institute of Life 

Sciences, Givat Ram, The Hebrew University of Jerusalem, Jerusalem 9190401, Israel 
 

Photosynthetic organisms harvest light energy, utilizing the absorption and energy 

transfer properties of protein bound chromophores. Controlling the harvesting 

efficiency is critical for the optimal function of the photosynthetic apparatus. Here, we 

show that cyanobacterial light-harvesting antenna may be able to regulate the flow of 

energy, in order to switch reversibly from efficient energy conversion to photo-

protective quenching via a structural change. We isolated cyanobacterial light 

harvesting proteins, phycocyanin and allophycocyanin, and measured their optical 

properties in solution and in an aggregated-desiccated state. The results indicate that 

energy band structures are changed, generating a switch between two modes of 

operation: exciton transfer and quenching; achieved without dedicated carotenoid 

quenchers. This flexibility can contribute greatly to the large dynamic range of 

cyanobacterial light harvesting systems. 
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Ultrafast multidimensional spectroscopy of charge-
transfer processes in light-harvesting systems 

Christoph Lienau 

Institute of Physics, Carl von Ossietzky University Oldenburg, 26129 Oldenburg, Germany 

E-mail: Christoph.lienau@uni-oldenburg.de 

 

The efficient conversion of (sun-)light into electrical or chemical energy is one of the 

most fundamental processes in biology and at the same time a highly-relevant challenge 

in current energy research. Generally, it is well understood that the underlying 

microscopic conversion processes happen on an exceedingly short femtosecond time 

scale and typically involve the transfer of charge from an optically bright donor moiety 

to an optically dark acceptor system. What is less clear is whether vibronic quantum 

coherence is helpful or maybe even necessary for those processes to occur and to what 

extent vibronic quantum coherence modifies the transport of charges through these 

systems. In my talk, I want to give a few examples how ultrafast, two- and three-

dimensional optical spectroscopy – combined with advanced theoretical modelling - can 

shed new light on those questions how it can provide quite detailed insight into 

quantum-coherent photoinduced charge separation processes [1-3]. Specifically, I want 

to discuss the possible role of conical intersections on these processes.  
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Insight into the thermal and light-activated 
isomerization in rhodopsin from QM/MM simulations 

Igor Schapiro 

The Hebrew University of Jerusalem, Jerusalem, Israel 

 

The primary event of vision in the vertebrate eye is the highly selective and efficient 

photoisomerization of 11-cis-retinal protonated Schiff base bound to the visual protein 

rhodopsin (Rh). We investigated the possible consequences of the charge translocation 

associated with the photoisomerization.1 We show that the evolution of the electrostatic 

potential (ESP) projected by the chromophore onto the surrounding protein (Fig. 1) 

displays intense but topographically localized sudden variations in proximity of the 

decay region.2 pKa calculations carried out on selected snapshots and used as probes, 

indicate that the only residue which may be sensitive to the electrostatic potential shift 

is Glu181. Accordingly, our results suggest that the frail Tyr191/268-Glu181-Wat2-

Ser186 hydrogen bond network may be perturbed by the transient variations of the 

electrostatic potential. 

 

Figure 1 Trajectory snapshots documenting the ESP change on the chromophore cavity of 

bovine Rh. 
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Quantum information processing in the radical-pair 
mechanism 

Iannis Kominis 

Department of Physics, University of Crete, Heraklion 71003 Greece 

 

The radical-pair mechanism was developed in the 1960's and since then has been the 

cornerstone of spin chemistry, which deals with the effect of electron and nuclear spins 

on chemical reactions. The foundational theory of spin chemistry is a master equation, 

attributed to Haberkorn's 1976 paper [1], accounting for the time evolution of the 

radical-pairs spin state density matrix. 

Since 2008, we have been challenging the theoretical foundation of spin chemistry, 

showing that Haberkorn's theory obscures the fundamental quantum dynamics 

underlying the radical-pair mechanism, and bringing about a paradigm shift in the 

understanding of these spin-dependent biochemical reactions. Concomitantly, we were 

the first to demonstrate that the radical-pair mechanism is a vivid paradigm for the 

emerging field of quantum biology. 

This is because in order to establish a physically sound foundation of spin chemistry we 

had to introduce several concepts of quantum information science, namely quantum 

measurements and measurement-induced decoherence, quantifiers of quantum 

coherence, quantum trajectories, the quantum Zeno effect, the concept of quantum 

retrodiction borrowed from quantum communications, and most recently fundamental 

entropy bounds on the information extraction by a quantum measurement. We have 

shown that Haberkorn's theory follows as a limiting case of our new theory in the 

regime of strong spin-relaxation, i.e. when quantum coherence effects are quickly 

damped relative to the reaction time (see [2] for a review of this work). 

Besides the avian compass, a major biological process governed by the radical-pair 

mechanism is the spin transport in photosynthetic reaction centers. We will show that a 

large number of experiments using the phenomenon of Chemically Induced Dynamic 

Nuclear Polarization (CIDNP) to monitor this spin transport cannot be understood 

within Haberkorn's approach. 

We will then focus on the recent demonstration [3] of the violation of entropy bounds 

by Haberkorn's theory, formally proving that the traditional theory of spin chemistry is 

inadequate. Our theory will be shown to satisfy these bounds, leading to the prediction 

of novel magnetic field effects based on the information extracted from the reaction, 

called Groenewold's information. Finally we will briefly describe recent work [4] on the 

quantum metrology aspect of the radicalpair mechanism, establishing the fundamental 

magnetic sensitivity of this new kind of biochemical magnetometer. 
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Animal navigation: Basic concepts, movement patterns 
and underlying mechanisms 

Ran Nathan 

Movement Ecology Lab, The Hebrew University of Jerusalem, Israel 

 

Natural selection theory postulates that individual fitness is determined by the interplay 

between life history and other internal traits of living organisms and the external biotic 

and abiotic features of their dynamic environments. One of the most basic interactions 

among these internal and external forces, how animals interact with their environments, 

constitutes the core theme for studies within the scientific disciplines of ecology, 

evolutionary biology and animal behavior. The movement ecology paradigm defines the 

navigation capacity as the set of traits and constraints that enables movement of 

individual organisms in space and time, including the sensory and cognitive machineries 

for obtaining, processing and utilizing external cues and information. In this talk, I will 

outline the basic concepts that unify the extensive research on animal navigation, the 

key mechanisms underlying the basic interactions between animals and their 

environment, and the resulting patterns of movement across multiple spatial and 

temporal scales. In particular, I will present recent field studies highlighting the role of 

advanced wildlife tracking technologies in quantifying movement patterns of navigating 

animals and in elucidating the potential sensory and cognitive mechanisms, and their 

contribution for addressing some basic unanswered questions on animal navigation. 
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Computational modeling of variable electron transfer 
pathways in amphibian cryptochrome 

Emil Sjulstok 

University of Southern Denmark 

 

Cryptochromes are flavoproteins, involved in light-dependent signaling pathways of 

several vital biological processes, such as the regulation of the hypocotyl growth in 

plants and entrainment of circadian rhythm in animals. Cryptochromes were also 

proposed to act as sensors for the geomagnetic field and assists many animals, such as 

migratory birds, in long-range navigation. 

Cryptochrome proteins are activated by absorption of light, leading to formation of 

radical pairs through three sequential electron transfers between a flavin adenin 

dinucleotide (FAD) cofactor and a conserved triad of tryptophan amino acids. 

Through mutations of the tryptophan triad it has been shown that the electron transfer 

can occur via. other amino acids in amphibian cryptochrome and form FAD-Tyr radical 

pairs. In this study we use tight-binding DFT to explore the possible, variable electron 

transfer pathways in amphibian cryptochrome. 
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Tracking the low frequency modes in photosynthetic 
pigments and proteins 

Bruno Robert, Manuel Llansola-Portoles, Andy Pascal 

Institute of Integrative Biology of the Cell, CEA Saclay, 91191 Gif/Yvette France. 

 

In the last decade, the observation of coherent nuclear motions in photosynthetic 

complexes has given rise to a number of fascinating hypotheses about which 

phenomena underlie the extremely high quantum efficiency of the primary steps of the 

photosynthetic process. However, most of these hypotheses have still to be tested, or 

carefully verified experimentally. 

An essential question to understand these coherences, as well as the structure of the 

excited states involved, is to determine whether the frequencies observed in the 

ultrafast experiments correspond to vibrational modes of the protein-bound pigment. 

However, in many systems, the low frequency modes coupled with the electronic 

transition have not been precisely determined, and in other, the existence of many 

pigment vibrational modes and of many frequencies in the ultrafast experiments makes 

it difficult to perform a careful comparison. 

We have performed analyses of low frequency modes in a number of light-harvesting 

systems, some of them well studied by 2-D electron spectroscopy. Our results tend to 

indicate that i) the distribution of low frequency modes, even in proteins with similar 

functions and electronic properties is surprisingly variable, and ii) it does not seem that 

the frequencies observed in ultrafast experiment always correspond to those observed 

in the vibrational spectra of the involved pigments. 
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Seeking Quantum Effects in Biological Systems: From 
Photosynthesis to Vision 

Paul Brumer 

Chemical Physics Theory Group, Department of Chemistry,University of Toronto, Toronto, 

Ontario, Canada 

 

Coherent Pulsed Laser Experiments on Light Harvesting Systems such as FMO and P645, 

as well as on Light-Induced Isomerization in Visual photoreceptors such as retinal, have 

suggested a role for light-induced quantum coherences in Biology. We show, using 

analytically soluble models, that such coherences will not occur in natural 

environments, where the turn-on time of the radiation is long and the light is 

incoherent[1]. However, stationary coherences related to the open system character of 

such systems may well prove significant, both in Biology and in the design of efficient 

solar-driven devices[2].  
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Orange carotenoid protein burrows into the 
phycobilisome to provide photoprotection 
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In cyanobacteria, photoprotection from overexcitation of photochemical centers can be 

obtained by excitation energy dissipation at the level of the phycobilisome (PBS), the 

cyanobacterial antenna, induced by the orange carotenoid protein (OCP). A single 

photoactivated OCP bound to the core of the PBS affords almost total energy dissipation. 

The precise mechanism of OCP energy dissipation is yet to be fully determined, and one 

question is how the carotenoid can approach any core phycocyanobilin chromophore at 

a distance that can promote efficient energy quenching. We have performed 

intersubunit cross-linking using glutaraldehyde of the OCP and PBS followed by liquid 

chromatography coupled to tandem mass spectrometry (LC/MS-MS) to identify cross-

linked residues. The only residues of the OCP that cross-link with the PBS are situated in 

the linker region, between the N- and C-terminal domains and a single C-terminal 

residue. These links have enabled us to construct a model of the site of OCP binding that 

differs from previous models. We suggest that the N-terminal domain of the OCP 

burrows tightly into the PBS while leaving the OCP C-terminal domain on the exterior of 

the complex. 
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Entangled Photon Spectroscopy in Organic Materials 

Theodore Goodson III* 

Department of Chemistry, Department of Applied Physics, University of Michigan, Ann 

Arbor, Michigan 48109. 

*tgoodson@umich.edu 

 

The use of non-classical fields of light may provide scientists with an enhanced tool set 

to study light-matter interactions. For example, the use of quantum entanglement in 

spectroscopy may offer new opportunities for the detection and understanding of 

physical chemical properties in organic molecules. The phenomenon of entangled two-

photon absorption (ETPA) has been theoretically predicted to exhibit interesting non-

classical effects such as linear rather than quadratic dependence of absorption rate on 

the excitation intensity which is dominant at low excitation density regimes. It was also 

shown that the ETPA process was a non-monotonic effect which oscillates at a 

frequency depending on the parameters such as entanglement time and area as well as 

coupling of the states of the system (detuning). ETPA has been experimentally 

demonstrated in both atomic and molecular systems. In this presentation ETPA 

experiments in organic macromolecules showing remarkably high efficiency of two-

photon absorption will be reported. The results of fluorescence emission from organic 

systems selectively excited by entangled pairs of photons will also be presented. The 

entangled photon excited fluorescence shows a non-monotonic dependence. These 

results have widespread impact in applications ranging from spectroscopy to chemical 

and biological sensing, imaging and microscopy. 
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Role of scaffold flexibility and disorder in the coherent 
dynamics of bio-mimetic systems 

Elisabetta Collini 

University of Padova 

 

One of the most surprising and significant advances in the study of the photosynthetic 

light-harvesting process is the discovery that the electronic energy transfer might 

involve long-lived electronic coherences, also at physiologically relevant conditions.  

A crucial point now is to understand the origin and the relevance of such long-lived 

quantum coherences in transport processes that seem to be strongly related to the 

complex interplay between electronic and vibrational degrees of freedom. One of the 

crucial aspects still not fully investigated is the role of the scaffold embedding the light 

harvester pigments. 

Artificial antennas represent ideal test systems thanks to their lower degree of 

complexity and may help to clarify the actual mechanism that sustains exciton beatings, 

if any. The artificial systems designed in our laboratory take inspiration from natural 

antennas and are based on pigments which are synthetic analogous of the natural ones. 

In particular, we explore the distinct behavior of several artificial antennas 

characterized by different chromophores and scaffolds (peptidic and poly-methacrylate 

backbones) with the specific aim of assessing whether the intra-chromophore 

vibrational framework or the coupling with the scaffold play any role in sustaining 

electronic long-living coherences. 

The results obtained applying 2DES to these samples and the comparison with the ones 

obtained on the corresponding monomeric forms allowed isolating and identifying 

contributions to the nonlinear signal associated with the flexibility of the backbone and 

the degree of disorder of the pigment within the scaffold. The results may suggest 

possible future guidelines for the design of artificial light-harvesting systems. 
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Dynamics of Photosynthetic Light Harvesting: From 
Conformational Changes to Excitation Energy Transfer 

Gabriela Schlau-Cohen 

Massachusetts Institute of Technology 

 

In photosynthetic light harvesting, absorbed energy migrates through a protein network 

to reach a dedicated location for conversion to chemical energy. This energy flow is 

efficient, directional, and, in oxygenic photosynthesis, regulated. The regulatory 

response, known as non-photochemical quenching (NPQ), safely dissipates excess 

energy to protect the system against deleterious photoproducts. In recent research, a 

protein within this network, light-harvesting complex stress related (LHCSR), has been 

implicated in dissipation in green algae and moss, yet the mechanisms of 

photoprotection remain poorly understood. We explore these mechanisms with single-

molecule spectroscopy of LHCSR. By characterizing the conformational dynamics, we 

identify the mechanisms of dissipation and how it is regulated. We also present 

experiments measuring ultrafast energy transfer dynamics within photosynthetic light-

harvesting complexes in a near-native environment. Together, these experiments 

explore how the protein network produces an efficient and adaptable energy flow. 
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Correlated fluctuations and two-dimensional 
electronic spectroscopy 

James Lim1, David J. Ing2, Joachim Rosskopf1, Jan Jeske2, Jared H. Cole2, Susana F. 

Huelga1, Martin B. Plenio1 

1 Institut für Theoretische Physik, Universität Ulm, Ulm, Germany 
2 Chemical and Quantum Physics, School of Applied Sciences, RMIT University, Melbourne, 
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E-mail: james.lim@uni-ulm.de 

 

Several competing theoretical models have been proposed to explain long-lived 

quantum coherences in photosynthetic complexes observed by using two-dimensional 

electronic spectroscopy (2DES). These models consider different vibrational structures, 

including correlated fluctuations in dephasing noise and disorder, and vibronic coupling 

induced by underdamped vibrational modes resonant with excitonic splittings. Vibronic 

models have been tested both experimentally and theoretically for many biological [1] 

and artificial systems [2]. However, correlated fluctuation models have received little 

attention in the context of 2DES simulations, even though recent 2D experiments 

suggested the presence of correlated fluctuations in some artificial systems [3]. In this 

work, we theoretically investigate how correlations in the noise affect 2D optical 

responses with the aim to identify the signatures of correlated fluctuations in 2D 

spectra. 

 
[1] A. W. Chin et al., Nature Phys. 9, 113 (2013); E. Romero et al., Nature Phys. 10, 676 (2014); F. D. Fuller et 

al., Nature Chem. 6, 706 (2014). 
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[3] E. Cassette, R. D. Pensack, B. Mahler, and G. D. Scholes, Nature Comm. 6, 6086 (2015); L. Bolzonello, F. 

Fassioli and E. Collini, J. Phys. Chem. Lett. 7, 4996 (2016). 
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Multidimensional Electronic Spectroscopy of 
Excitation Energy Transfer Processes in Plant Light 

Harvesting Complexes 

Howe-Siang Tan 

Division of Chemistry and Biological Chemistry, School of Physical and Mathematical 

Sciences, Nanyang Technological University, Singapore 637371 

 

Light-harvesting antenna systems such as LHCII, the primary light-harvesting complex 

in plants, are essential for the photosynthetic process that eventually powers the 

biological world. The excitation energy transfer (EET) processes in light-harvesting 

systems are therefore of strong interest to scientists.  

We performed 3rd order 2D electronic spectroscopy (2DES) on solubilized LHCII 

trimers to study the the Chl b band to the Chl a band EET dynamics [1,2] at room 

temperature. Using a new technique known as the 5th order 3D electronic spectroscopy 

(3DES) we further study the multistep EET dynamics from excitons in the Chl b band to 

the low-energy level Chl a states via mid-level Chl a energy states [3]. We have also use 

2DES to study the equilibration dynamics within the Chl a band and reveal uphill and 

downhill energy transfer dynamics between different Chl a exciton states [4]. 
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Vibrational detection of odorants in Drosophila 
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Division of Neuroscience, Biomedical Sciences Research Centre, Alexander Fleming, Vari 

16672, Greece 

 

Olfaction presents the ultimate challenge to molecular recognition as thousands of 

molecules have to be recognized by far fewer olfactory receptors. We have presented 

evidence that Drosophila readily distinguish odorants based on their molecular 

vibrations using a battery of behavioral assays suggesting engagement of a molecular 

vibration-sensing component. However, it remains unclear whether discrimination 

occurs because isotopologues differ sufficiently in physical properties hence, perceived 

differentially, or olfactory receptors indeed detect their distinct molecular vibrations. 

We report electrophysiological recordings, taken from the antennae of several 

Drosophilid species exposed to a range of odorant isotopologues. We find that in almost 

all cases of odorant and species tested, electroantennogram amplitude, but not kinetics, 

differs in response to hydrogen-only and deuterated odorants. Inhibition of enzymes 

that prevalently catabolize odorants has no effect on the isotopologue-specific response. 

Hence, we conclude that in vivo, isotopologue differentiation is not a perireceptor event, 

but likely occurs at the receptor itself. Moreover, we explore the ability to detect the 

presence of functional groups in odorants, irrespective of molecular context capitalizing 

on the sulfuraceous character imparted by thiol (-SH) groups to any molecule. 

Remarkably boranes also present a sulfuraceous character and a vibrational frequency 

at 2600 cm-1 with thiols and Drosophila perceive this similarity. Furthermore, we show 

that a cyanohydrin structure, that renders nitrile groups invisible to IR spectroscopy 

and imperceptible by human smell, is also perceived as non-nitrilic by Drosophila. We 

argue that the resemblance in perception is due to the fact that odor character is 

encoded in the molecular vibrations of the odorant, not in the specific shape-based 

activation pattern of receptors.  
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Uncovering the Just Noticeable Difference (JND) in 
Olfaction Revealed a Set of Odor Primaries that 

Combine to Generate any Perceivable Odor 

Noam Sobel 

Department of Neurobiology, Weizmann Institute of Science 

 

We developed an algorithm that uses chemical formulae alone to predict the perceptual 

similarity of odorant mixtures containing any number of components at any 

intensity/concentration. This algorithm then allowed us to uncover the just noticeable 

difference (JND) in olfaction, that is, the minimal chemical difference needed for 

perceptual discrimination. We then used this elemental tool to probe olfactory space. 

The olfactory JND implied that using a set of ~70 odor primaries we can generate any 

possible olfactory perception. This discovery has profound implications for the 

functional neurobiology of olfaction, and provides a foundation for the design of 

olfactory stimulus generators. 
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Electron spin and general anesthesia in Drosophila 

Luca Turin1, Alexandros Gaitanidis, Makis Skoulakis 

Neuroscience Division, BSRC Alexander Fleming, 16672 VARI Greece 
1turin@fleming.gr 

 

One hundred sixty years after its discovery, the molecular mechanism of general 

anesthesia remains a notable mystery. A very wide range of agents ranging from the 

element xenon to steroids can act as general anesthetics on all animals from protozoa to 

man, suggesting that a basic cellular mechanism is involved. Electron spin resonance 

measurements show that volatile general anesthetics cause changes in electron spin 

content of Drosophila fruit flies and that the spin responses are different in anesthesia-

resistant mutants. These observations are consistent with the idea that  general 

anesthetics perturb electron currents in cells. I shall present recent results that advance 

our understanding of this beyond the findings first published in PNAS in 2014 

doi:10.1073/pnas.1404387111  
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Spin as manifestation of quantum mechanics in 

Biology 

Ron Naaman 

Department of Chemical Physics, Weizmann Institute, Rehovot 76100, Israel 

 

Spin based properties, applications, and devices are commonly related to magnetic 

effects and to magnetic materials. However, we found that chiral organic molecules act 

as spin filters for photoelectrons transmission,1 in electron transfer,2 and in electron 

transport.3 

The new effect, termed Chiral Induced Spin Selectivity (CISS),4,5 has interesting 

implications on electron transfer in biological systems and on enantio-recognition.6 In 

addition, the CISS effect may play an important role in controlling multiple electrons 

processes, like water splitting.7 The effect was found in bio-molecules and in bio-

systems like the photosystem I.8 The basic effect will be explained and various 

applications and implications, related to Biology, will be discussed. 
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Bio-molecular Electronics 
Electron Transport across Proteins  

David Cahen* 

Weizmann Institute of Science 

 

Electron transport (ETp), i.e., electronic conduction across protein monolayers, in a 

solid state–like measuring configuration is surprisingly efficient, and comparable to, or 

at times even more efficient than via completely conjugated molecules of comparable 

lengths.1 In addition, ETp across such monolayers for several, esp. membrane proteins 

of lengths up to 7-9 nm can be totally temperature independent down to 10 K 2, if the 

coupling to (at least one of) the electrodes is high, i.e., without measurable activation 

barrier 3 Such behavior is beyond anything we know of for well-defined monolayers of 

conjugated organics, but has been reported for up to 20 nm organic films4.  

Thus, if contact to the external world does not limit ETp, and intra-protein processes 

dominate transport, there seems to be no barrier for transport, which may well be 

coherent.  In an accompanying poster Fereiro, Cuevas et al.), we present results that 

support this idea. 

This may well be important, also for electron transfer, ET, which nature regulates via 

redox chemistry, i.e., injection and extraction of e-s, which is where ET and ETp can be 

related, because the ETp analog is the coupling to the electrodes. However, for 

measuring ETp no redox process is needed, allowing its study also via non-redox 

proteins, such as rhodopsin’s, which leaves the question why such proteins should be 

such efficient electronic conductors… 

 

References:  

 
1.   Recent reviews of ours:  
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*  collaboration with M. Sheves & I. Pecht. Work involved/involves former group 

members L. Sepunaru, Xi Yu, S.Mukhopadhyay, R.Lovrincic, N.Amdursky,&present 

members C.Guo, J.Fereiro. & J C Cuevas,UAM, Madrid 
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Quantum environment: controlling energy transfer in 
vivo 

Semion K. Saikin 

Department of Chemistry and Chemical Biology, Harvard University 

 

The life cycle of plants and photosynthetic bacteria is based on the efficient harvesting 

of solar energy. These organisms are spectacular examples of nature's engineering 

capabilities. They absorb photons in intricate protein-pigment molecular aggregates 

known as light-harvesting complexes (LHCs). Inside LHCs the energy is transferred in 

the form of molecular excitations on a submicron distances. Optimal efficiency of both 

light absorption and excitation transfer within the LHCs are crucial characteristics in the 

competition of these organisms for energy resources. Thus, understanding excitation 

dynamics in LHCs at the microscopic level can provide us with new principles for the 

design of artificial sun-powered systems.  

In this talk, I will describe how carefully designed nanostructures can be used to probe 

and modify energy transfer in LHCs of photosynthetic bacteria. I will begin with an 

overview of the general concepts and challenges of excitation dynamics in natural LHCs. 

Green sulfur bacteria will be discussed as a model system. I will then describe an 

example where optical cavities accentuate response signals from LHCs and will explain 

how this effect can be used to modify the energy transfer paths in living organisms.  
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Distance-independent Transport Rates in 
Biomolecules by Quantum Unfurling 

Ariel D. Levine, Michael Iv and Uri Peskin 

Schulich Faculty of Chemistry, Technion – Israel Institute of Technology Haifa 32000 Israel 

 

Experiments on hole transfer in DNA between donor and acceptor moieties revealed 

transfer rates which are independent of the molecular bridge length (within 

experimental error). However, the physical origin of this intriguing observation is still 

unclear. The hopping model implies that the hole propagates in multiple steps along the 

bridge from one localized state to another, and therefore the longer the bridge, the 

slower the transfer. This can explain weak length-dependence but not a length-

independent transfer rate. We show that the rigid molecular structure of a poly-A bridge 

supports single step transitions from a localized hole state to delocalized states, spread 

over the entire bridge. Since propagation to the bridge end is a single step process 

(termed quantum unfurling) the transfer rate becomes independent on the bridge 

length. This explanation is consistent with experimental results, and emphasizes the 

importance of structural order in charge transfer through bio-molecular systems. 
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Diamond quantum sensors for life sciences 

Fedor Jelezko 

Institute of Quantum Optics, Ulm University 

 

Color centers in diamond provide unique opportunity for sensing and imaging at 

nanoscale. We will show how coherent control techniques and material engineering 

allow reaching record values of sensitivity and spectral resolution for magnetic field 

sensing at nanoscale. We will also discuss the sensitivity improvement of diamond 

sensors by quantum error correction. Applications of diamond spin qubits for sensing 

biomolecules under ambient conditions will be presented. 
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A perspective on biomimetic quantum technologies 

Enrique Solano 

University of the Basque Country, Bilbao, Spain 

 

I will discuss a perspective on the scientific relevance and potential applications of bio-

inspired quantum technologies, be for quantum simulations or quantum computing. I 

will provide examples as is the case of the development of quantum memristors and 

protocols for quantum artificial life. 
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On thermodynamic inconsistencies in several 
photosynthetic and solar cell models and how to fix 

them 

D. Gelbwaser-Klimovsky and A. Aspuru-Guzik 

Harvard University, Cambridge, USA 

 

Light-harvesting organisms and solar cells convert thermal photons from the Sun, into 

useful energy such as ATP or electric power. These systems are effectively heat engines 

because they transform a heat flow into chemical energy or electric current (“power”). 

Therefore, they are constrained by the laws of thermodynamics which set a 

fundamental efficiency bound based on the distinction between the two forms of energy 

exchange: heat flow and power. These two are not interchangeable: in a cyclic process, 

power may be totally converted into heat flow, but the opposite is forbidden by the 

second law of thermodynamics.  

 For practical computational and theoretical reasons, models have been restricted to the 

study of specific subsystems. It is customary to study photosynthetic complexes coupled 

to “traps” or “sinks” that represent the reaction center (RC) where exciton dissociation 

occurs. Similar models have been employed for the study of solar cells and exciton 

absorption and transport.  

We show that if not careful, the introduction of sinks and traps leads to violations of the 

second law of thermodynamics. These violations are a reason of concern for the validity 

of the models that have been employed to date. To shed light on the issue and to provide 

a simple to understand situation, we introduce a toy model to study this approximation 

and put forward a thermodynamically consistent version of it. This model could be used 

as the basis for more elaborate solar cell and plant microscopic models. Finally, we show 

that the output power of the thermodynamically-consistent version of the model can 

differ substantially from the simple trap or sink models. 
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Closed equations for energy transfer in Light-
Harvesting complex and multi-exciton trapping 

Shmuel Gurvitz,1 Gennady P. Berman,2 and Richard T. Sayre2 

1Department of Particle Physics and Astrophysics, Weizmann Institute, 76100, Rehovot, 

Israel 
2Bioscience Division, B-11, Los Alamos National Laboratory and the New Mexico 

Consortium, Los Alamos, NM, 87544, USA 

 

Usually the study of energy-transfer in the Light Harvesting Complex is limited by 

single-exciton motion along the antenna. This paper goes beyond the single-exciton 

treatment. Starting from the many-body Schrodinger equation, we derived the Lindblad-

type Master equations describing full exciton dynamics, where the effects of the initial 

photo-absorbtion and the Reaction Center are included. The resulting equations 

resemble the Master equations for electric current in mesoscopic systems, and account 

effects of quantum coherence and the fluctuating environment. We applied our results 

to evaluate the energy (exiton) current as a function of the light intensity and the 

probability of multi-exciton (damaging) states inside the antenna, which needed to be 

suppressed. 
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Quantum-enhanced light harvesting with biologically-
inspired photocells 

E M Gauger1, A Fruchtman2, R Gómez-Bombarelli3, W M Brown1, B W Lovett4 

1SUPA, Institute of Photonics and Quantum Sciences, Heriot-Watt University, Edinburgh, 

EH14 4AS, United Kingdom 
1SUPA, Institute of Photonics and Quantum Sciences, Heriot-Watt University, EH14 4AS, 

United Kingdom 
2Department of Materials, University of Oxford, Oxford OX1 3PH, United Kingdom  

3Department of Chemistry and Chemical Biology, Harvard University, Cambridge, USA  
4SUPA, School of Physics and Astronomy, University of St Andrews, KY16 9SS, United 

Kingdom  

 

Tapping into Nature's toolbox of proven and robust design principles can provide 

invaluable inspiration for the design of artificial systems. Taking inspiration from 

quantum effects in photosynthesis, we explore ways of improving the performance of 

organic photocells through quantum interference. 

Conventional photocells suffer a fundamental efficiency threshold imposed by the 

principle of detailed balance, reflecting the fact that good absorbers must necessarily 

also be fast emitters. This limitation can be overcome by 'parking' the energy of an 

absorbed photon in a dark state which neither absorbs nor emits light [1]. We will show 

that suitable dark states occur naturally as a consequence of the dipole-dipole 

interaction between two proximal optical dipoles for a wide range of realistic molecular 

dimers. We discuss an intuitive model of a photocell comprising two light-absorbing 

molecules coupled to an idealised reaction centre, showing asymmetric dimers are 

eminently suitable for achieving a significant enhancement of light-to-current 

conversion under ambient conditions [2]. Importantly, we underpin our model with the 

properties of actual organic molecules, to describe a roadmap for identifying suitable 

dimer structures for demonstrating this effect experimentally. This is achieved by 

employing quantum chemistry methodology and screening a large set of possible 

candidate molecules [3]. 

We further report progress on translating more sophisticated quantum light-harvesting 

"drawing board concepts" involving multi-chromophoric systems towards blueprints 

for experiments. For example, the richer state-space structure of symmetrically 

arranged trimers and quadmers offers significant further performance enhancements 

beyond dark-state protection, even when exciton-exciton annihilation effects, disorder, 

and other imperfections are accounted for [4, 5]. 
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Figure 1: Photocell optimisation using dark-state protection: asymmetric molecular dimer 

antenna (left), and power enhancement over monomer benchmark and symmetric dimmers 

(right) [2].  
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Controlled coupling in hybrid nano-crystals/organic 
molecules structures - mimicking nature in artificial 

systems 

Eyal Cohen, Yossi Paltiel 

Applied Physics Department, The Hebrew University of Jerusalem 

 

Coherent energy transfer in ambient temperatures was recently observed in light 

harvesting complexes. According to theoretical models the quantum properties improve 

the stability and the efficiency of the system. If nature indeed uses non trivial quantum 

mechanics at ambient conditions the insights gained from the natural, biological 

systems, may be harnessed in artificial systems. 

In our work we demonstrate an approach for creating controlled hybrid 

organic/inorganic nano-structures mimicking the light harvesting system. We have used 

a bottom-up approach for constructing a self-assembled super-molecular nano-

structure of CdSe semiconductor quantum dots connected by organic molecules. The 

quantum levels are controlled by the colloidal quantum dots and the coupling is 

determined by the organic molecules. 

These structures enable us to study collective effects – in room temperature – such as 

electron transfer and excitation energy transfer. Furthermore, the relative simplicity 

and large flexibility of our systems allows one to compare the results to various existing 

theoretical models. Time resolved spectroscopy and absorption spectroscopy 

measurements indicate differences between systems composed of different molecules 

and core/core-shell quantum dots, and sheds light on how the various factors affect the 

dynamics on time-scales ranging from femto to nano-seconds and beyond. An ongoing 

attempt to implement these findings in development of a parallel and multivalued logic 

is already on the go. 
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Neural pulses code chemical gradients dictating 
chemotaxis strategy 

Alon Zaslaver 

The Hebrew University of Jerusalem 

 

Animals exploit chemical gradients to locate food sources, a process known as 

chemotaxis. While extensively studied, little is known about how sensory neurons 

encode intricate spatiotemporal gradients. Here we focused on C. elegans worms which 

offer the unique opportunity of studying activity dynamics in individual neurons. 

We developed a microfluidic-based system that allows delivering virtually any temporal 

gradient while simultaneously measuring neural activity. Surprisingly, we found that 

smooth increasing gradients are encoded by pulsatile responses in the sensory neuron, 

and the steeper the slope of the gradient the higher is the amplitude and the frequency 

of the pulses. Moreover, we delineated an intriguing novel principle: while commonly 

believed that animals sense only the first derivative of a chemical gradient, we found 

that neurons are also sensitive to higher derivatives of the gradient. Interestingly, this 

pulsatile response is cell autonomous, as animals with defective neurotransmitter and 

neuropeptide release exhibit similar pulsatile responses. 

We next studied how the sensory neuron codes gradients in freely-behaving animals. In 

agreement with the microfluidic results, neural activity rises and falls despite 

experiencing continuous increasing gradients. Moreover, we found that an increasing 

activity in the sensory neuron locks the animal to forward movement, and a decreasing 

activity precedes animal reorientation. 

Together, we show that a single sensory neuron can extract intricate gradient features 

to dictate the prevalent ‘run-and-tumble’ navigation strategy. Moreover, sensing higher 

derivatives may become advantageous for animals located remotely from their target, 

where gradients are typically shallow and up-gradient trajectories are difficult to infer. 
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Absorption and Fluorescence Lineshape Theory for 
Polynomial Potentials 

André Anda1,*, Luca De Vico1, Thorsten Hansen1, Darius Abramavicius2 

1University of Copenhagen, Department of Chemistry, Universitetsparken 5, 2100 

Copenhagen, Denmark 
2Department of Theoretical Physics, Vilnius University, LT-10222 Vilnius, Lithuania 

* andre@chem.ku.dk 

 

The modeling of vibrations in optical spectra relies heavily on the simplifications 

brought about by using harmonic oscillators. However, realistic molecular systems can 

deviate substantially from this description. We develop two methods which show that 

the extension to arbitrarily shaped potential energy surfaces is not only straightforward, 

but also efficient. These methods are applied to an electronic two-level system with 

potential energy surfaces of polynomial form and used to study anharmonic features 

such as the zero-phonon line shape and mirror-symmetry breaking between absorption 

and fluorescence spectra. The first method, which constructs vibrational wave functions 

as linear combinations of the harmonic oscillator wave functions, is shown to be 

extremely robust and can handle large anharmonicities. The second method uses the 

cumulant expansion, which is readily solved, even at high orders, thanks to an ideally 

suited matrix theorem. 
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Optimising biologically inspired rings for quantum-
enhanced light harvesting 

Will Brown1 & Erik Gauger1 

1SUPA, Institute of Photonics and Quantum Sciences, Heriot-Watt University, Edinburgh, 

EH14 4AS, United Kingdom 

 

Photosynthesis is a very efficient process for sourcing energy in nature. Inspired by the 

structure of light harvesting complexes in plants, we study how rings of absorbers can 

utilise quantum effects to achieve higher absorption efficiencies than what would be 

classically possible. We go beyond previous work [1-4] by considering realistic 

condensed matter environments using open quantum systems techniques. We pair our 

microscopically informed, scalable decoherence model for ring-like antennae with the 

`quantum heat engine’ approach [1,2], which represents the conversion process in a 

photosynthetic reaction centre. This allows us to benchmark the power output one 

could anticipate from a realistic condensed matter ring of absorbers when exposed to 

sunlight. 

An important design consideration in the setup of antenna rings is the direction of the 

absorber dipoles: Nature often directs them all tangential to the ring, reducing the total 

dipole magnitude and thus limiting the coupling to an optical field [5]. By contrast, Refs 

[3,4] considered all dipoles perpendicular to the plane of the ring to maximise the 

coupling to the optical field. Taking advantage of superabsorption [3] (the time-reversed 

process of superradiance) one can then achieve very large power enhancement for the 

ring, though this setup is greatly hindered by the presence of phonons. Fortunately, 

phonons allow another enhancement to be utilised instead, by providing access to 

optical ratchet states [4], which protect some of the absorbed energy from remission to 

the environment. We here present new results showing that `skew’ dipole directions, 

while having a lower total dipole magnitude than the uniformly-aligned case, create 

access to “guide-slide” states, where phonon processes no longer hinder, but rather 

reinforce superabsorption. 

 
Figure 1. Left: An example schematic of the ring set up with a central wire for extraction to a 

trap. Example dipole moment directions are shown on each of the absorbers. The red arrows 

indicate a poor choice of direction, while the green arrows will allow access to “guide-slide” 

states allowing superabsorption to be realised in the presence of phonon-assisted relaxation. 

Middle: A heat map demonstrating results of a parameter scan looking into viable dipole 

directions for an eight-site ring to produce guide-slide states. All coloured points will 

produce the desired effect, with red indicating most favourable conditions. Right: Power vs 

voltage for a four-site ring. The red line utilises optical ratchets [4], while the blue line 

represents idealized superabsorption without phonons [3]. The purple line indicates results 

where guide-slide states were used. 
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Background: Tubulin and the microtubule cytoskeleton are often overlooked sites of 

anesthetic action and side effects; however, many recent studies have indicated direct 

interactions between anesthetics and microtubules. The physicochemical mechanisms 

of volatile general anesthetics have been studied for many years, with general 

agreement that no chemical reaction seems to take place, and that their action is due to 

physical rather than chemical actions of the molecules. While the exact mechanisms and 

sites of action for anesthetics are unknown, it is well accepted that the effect of 

anesthetics is related to their hydrophobicity, dipolarity, and polarizability. The Meyer-

Overton correlation most commonly exemplifies the link between the potency of an 

anesthetic and its lipid solubility. Not surprisingly, there is good correlation between 

anesthetic potency and molecular properties that are determined by relatively weak 

long-range interactions, including molar refraction, molal volume, solubility in olive oil, 

and of particular importance, the polarizability of the anesthetic agent. Correlation of 

anesthetic activity with the van der Waals (vdW) cohesive forces between molecules 

and molecular volume constants supports the importance of vdW forces in anesthetic 

action. 

Hypothesis: We hypothesize that anesthetics can alter London force-mediated 

oscillations of induced dipoles on aromatic amino acids in non-polar, hydrophobic 

regions of proteins. This effect is due to the polarizability and permanent dipole 

moments of anesthetics. Protein hydrophobic regions are primarily composed of the 

aliphatic and aromatic amino acids, with the aromatics tryptophan, tyrosine and 

phenylalanine all being highly polarizable and therefore susceptible to influence by 

anesthetic dipoles. As dispersion forces contribute to protein folding and tend to be 

stronger between molecules that are easily polarized, the effect of anesthetic 

polarizability on binding to proteins has implications for the dynamics of protein 

interactions.  
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Methods: We use results of previous anesthetic binding site predictions on tubulin, 

along with molecular docking, quantum chemistry calculations, and theoretical 

modeling of collective dipole interactions to investigate the effect of molecular 

polarizabilities of anesthetics and non-anesthetics on the function of tubulin. 

Results: Our results show that the polarizability of the eight anesthetic molecules 

investigated follows the Meyer-Overton correlation, while two of three non-anesthetics 

deviate from this trend. The same two non-anesthetics also fail to bind to key pockets 

within the tubulin protein. Induced dipoles of amino acids in tubulin alone generate 

normal mode oscillations in the 3-4.5 x 1015 rad/s frequency range. Binding of 

anesthetics and nonanesthetics all introduced new frequency modes, correlating with 

their experimental and predicted anesthetic potency, in the 1015 rad/s magnitude range. 

Finally, all anesthetics shift specific normal modes of tubulin by approximately 1010 – 

1012 rad/s, which follows a trend associated with their anesthetic potency. These shifts 

have implications for overall protein function and polymerization. 

Conclusion: As this mechanism has bearing on the link between anesthesia, post-

operative cognitive dysfunction, and neurodegenerative disease, it has the potential to 

provide new insights on the site and mechanism of anesthetic action and side effects, 

and may also lead to the design and development of novel anesthetics free of potentially 

deleterious effects. 
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COULOMB EFFECTS IN ION CHANNELS QUANTUM 
TRANSPORT 

N.M. DE MARCH, L.G. BRUNNET, S.D. PRADO 

Instituto de Fsica, Universidade Federal do Rio Grande do Sul, P.O. Box 15051, 91501-970 

Porto Alegre, RS, Brazil. 

 

Quantum coherence has been proved to exist in conditions compatible with biological 

processes: photosynthesis and magnetoreception are successful examples of such 

systems. It has also been suggested that coherent transport can be an alternative to 

explain the current high efficiency seem in KcsA channels [1]. Assuming this hypothesis, 

we analyse a system of two/three charged interacting particles in a linear chain of 5 

sites. This chain is coupled to the environment via Lindblad superoperators. In order to 

deal with more realistic parameters, we used the available experimental data on the 

selectivity filter currents to estimate the microscopic quantities that are relevant to the 

problem. 

In the usual classical version of this problem, the electrostatic repulsion between two 

adjacent potassium ions is very large, making it energetically unfavorable for two 

potassium ions to occupy neighboring sites. It is also conjectured that two potassium 

ions must be separated by a single water molecule so that the repulsion strength is 

attenuated. The classical simulations show then a concerted motion of the particles, ion 

followed by water followed by ion[2]. However, very recent results show that water is 

not needed to separate two potassium ions [3] . It is argued that pairs of potassium ions 

were stably formed with electrostatic repulsion and then passed through the channel, 

with electrostatic repulsion driving the startling efficiency of the process. Here, in a 

quantum approach to this problem, we do not consider any charge shielding by water. 

We show that even with unshielded Coulomb repulsion, the transport is highly efficient, 

once tunneling at a high rate is assumed. This rate, however, happens to be compatible 

with the structure and dimensions of the selectivity filter. 
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Witnessing the quantum nature of light with the 
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We give a complete proposal showing how to detect the non-classical nature of photonic 

states with naked eyes as detectors. The enabling technology is a sub-poissonian 

photonic state that is obtained from single photons, displacement operations in phase 

space and basic non-photon number resolving detectors. We present a detailed 

statistical analysis of our proposal including imperfect photon creation and detection 

and a realistic model of the human eye. We conclude that a few tens of hours are 

sufficient to certify non-classical light with the human eye with a p-value of 10%. 

 
Figure 1. Scheme of the envisioned setup aiming to witness the non-classical nature of a 

superposition state with the human eye. A 50/50 beamsplitter and two eyes are used to 

analyze this state with a measurement analog to an auto-correlation measurement.  

 

 
Figure 2. Probability to get enough statistics to conclude about non-classicality as a function 

of the number of runs N for a p-value of 1% (blue dotted line) and 10% (red dashed line). 
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CB is a phenomenon generally observed in single molecule measurements where the 

presence of an electron on a molecule prevents other electrons moving onto the 

molecule, thereby blocking the current through the molecule, no longer obeying Ohm’s 

law. We measured electron transport across a redox active protein in a solid-state 

junction using a Au (substrate)/protein/linker/ Au (top) tunnel junction configuration, 

with the Cu(II) redox centre of the electron transfer protein Azurin (Az) shielded from 

direct interaction with the Au (top) electrode, by a monolayer of (< 1 nm) linker 

molecules, bound covalently to the Au (top) electrode. In contrast to what is the case 

without such linker layer, the differential conductance of the current-voltage (I-V) 

characteristics observed at low temperatures (~6 K), shows clear steps and its first 

derivative a peak-like structure, rather than the earlier observed inelastic electron 

tunneling spectrum. Given the nature of the junction, the most likely cause for this result 

is the redox active protein, specifically its redox-active moiety, the Cu ion. The satellite 

peaks positioned at 50 meV away from the main peak indicates the Cu-S stretching 

vibration peaks. The conductance peak shows clear temperature dependence, 

calculations carried out indicates resonant tunnelling through discrete energy levels in 

the protein moiety, which serves as a definite proof that the transport through azurin is 

coherent in nature. The non- linearities in the conductance can then be explained by 

Coulomb Blockade (CB), due to charging of the Cu redox centre. This hypothesis was 

tested and verified by experiments with the Cu removed from the protein, yielding apo-

Az. 
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About a million cases of low sperm count related diseases, are treated in one year at IVF 

labs, using unsuitable procedures and means for cryopreservation of individual 

spermatozoa. Initial attempts to cryopreserve and thaw spermatozoa in nano liter 

containers yielded exceptionally high mortality of cells, in comparison with that 

obtained when cryopreservation and thawing of sperm cells was performed within 

microliters containers. Furthermore, with Molt4 cells, cryopreservation and thawing in 

nano liter containers was quite successful. The conjecture that the overcrowding of the 

nl containers may damages the tennis racket like shape sperm cells, was immediately 

rebutted when spermatozoa incubated both in nl containers and in a standard cryotube, 

yielded the same cell motility. Furthermore, spermatozoa have shown satisfactory 

motility after thawing when fluid within the containers was physically connected with 

the fluid in between donuts. These findings, i.e. the dependency of a successful freezing-

thawing cycle of sperm cells upon freezing-thawing volume, shape of cell and upon fluid 

contact lead us to suspect that a unique physical mechanism might be the cause for the 

explored phenomena. Therefore, an analytical-physical research is under way, to 

understand the microscopic changes in the freezing-thawing process of water, solution 

and cell suspension (with different shapes), at very small volumes, together with a 

biology research aimed to understand the effect of these changes on spermatozoa. These 

will be followed by medical research for the development of applied clinical device and 

protocol. 
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An essential part of the Photosynthetic process is the energy transfer from the antenna 

to the reaction center, in which excitons go through a transfer network of 

chromophores. The interaction of excitons with local vibrations is presumed to play a 

crucial role in the dynamics of the system, and subsequently in the energy transfer 

properties of the system. We study the role vibrations take in the energy transfer 

through the simplest possible transfer network – only two chromophores long. By using 

a Keldysh representation of the full exciton-vibration system, we can treat the strong 

exciton-vibration coupling regime. In particular, we compare between cases where the 

vibrations of each chromophore are either correlated (global vibrations) or 

uncorrelated (local). We find that the two cases exhibit very different energy transfer 

properties, indicating the role vibration correlations may have in realistic light-

harvesting complexes. 
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We use non-equilibrium Green’s functions to describe 2D spectra of Marcus electron 

transfer. 

Coherent multi-dimensional spectroscopy enables direct measurement of the 

coherences associated with dynamic processes in photochemical systems. Most 

experiments have reported on energy migration, often in photosynthetic antenna 

systems. A few recent papers discuss electron transfer. 

Based on a Keldysh contour formulation of four-wave mixing spectrosopy [1], recently 

extended to include molecular vibrations, we discuss theoretically the coherent features 

of the prototypical electron transfer – Marcus electron transfer. 

The quantum coherences of electronic processes provide a new window into 

mechanistic understanding. These prospects will be discussed. 

 
[1] T. Hansen, T.Pullerits, J.Phys.B:At.Mol.Opt. 45 (2012) 154014. 
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In 2007 long-lived coherences in exciton transport where observed using in the Fenna-

Mathews-Olsen (FMO) complex. FMO is a protein complex found in light harvesting 

bacteria that live in low light environments and is responsible for the transfer of energy 

from the antenna to the reaction centre in photosynthesis. It does this with near unity 

efficiency. The implication is that perhaps, in this open system where the active 

chromophores are coupled to the thermal bath of the surrounding protein scaffold, 

nature could have utilized quantum effects to enhancing energy transport. 

We review some of the evidence for quantum effects in photosynthesis and describe 

how methods from open quantum systems can be used to model these complexes. We 

stress the importance of an accurate description of the coupling to the excitation 

spectrum of the surrounding protein scaffold, applying various techniques to both FMO 

and PE545. PE545 is intriguing in that the chromophores are much more free to move, 

yielding a natural variation of the coupling between chromophores on long timescales 

compared to the exciton transport rate. PE545 also has a strong coupling to excitations 

at frequencies relevant for the energy differences between chromophores. We 

investigate the role of these couplings and compare PE545 with FMO and discuss the 

underlying symmetries in the exciton Hamiltonian in both cases. 
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Chemical Adjustment of Absorption of BODIPY Dyes 
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The photo-chemical properties of chemical dyes are often regulated by substituents that 

donate electrons to, or withdraw electrons from, a photoactive pi system. We investigate 

a family of BODIPY dyes, where the absorption spectrum is altered substantially by 

chalcogen substitution as demonstrated by Fron et al.1. A combination of electronic 

structure calculations, at the DFT/cam-B3LYP/6-311G(d) level of theory, and Green's 

function modelling, at the Hückel level of theory, is used to rationalize the observed 

trends. Our methodology is general and we hope to apply it to other families of dyes. 

 
1 E. Fron, E. Coutiño-Gonzalez, L. Panday, M. Sliwa, et. al., New J. Chem., 2009, 33,1490- 

1496. 
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Energy transfer processes in photosynthetic light-harvesting antennas demonstrate 

remarkable efficiency. Traditionally this mechanism was modeled through dipole-dipole 

interaction between adjacent chromophores using Forster resonance energy transfer 

(FRET) amidst an incoherent path. This classic approach has difficulties justifying the 

relatively high efficiency of the process. Many recent studies suggest that underlying 

these processes is long-lived quantum coherency. These proteins typically contain up to 

dozens of chromophores, a high degree of complexity that makes measuring and 

modeling such a system a great challenge. Consequently, fitting models to the 

experimental results unequivocally is far from being straightforward. 

Our goal is to examine the possibility of a quantum transport regime at ambient 

conditions in a simple and controllable protein structure. In this research, we 

introduce an artificial engineered UnaG protein [1,2] containing only two identical 

Bilirubin chromophores with a regulatable distance between them. The system 

constitutes a simple two level model for the coupling of two chromophores (see fig. 1). 

Based on this model, different energy transfer schemes among chromophores can be 

evaluated. 

 

 

 

 

 

 

 
 

 

 
Figure 1. (A) Wild type UnaG protein, containing Bilirubin molecule (yellow). The UnaG is a 

barrel shaped opsin protein, that can capture a chromophore inside. (B) Suggested structure 

of molecularly engineered UnaG2, constructed as a dimer containing the UnaG sequence 

twice, with a short peptide linker in between. 

 

References: 
[1] Akiko Kumagai, A Bilirubin-Inducible Fluorescent Protein from Eel Muscle, Cell 153 (2013) 1602–1611 

[2] David F. Gruber, Adaptive Evolution of Eel Fluorescent Proteins from Fatty Acid Binding Proteins 

Produces Bright fluorescence in the Marine Environment, PLoS ONE 10 (2015) 11  

B A 



Conference book 
 

77 
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Photosynthetic pigment-protein complexes (PPCs) leverage control of excitation energy 

transfer (EET) on the nano-scale. A prominent example is PC645, an antenna complex 

found in cryptophyte algea. Transient absorption measurements [1] reveal rapid direct 

down-conversion bypassing a large number of intermediate energy chromophores. This 

finding cannot be explained by energy gaps and excitonic couplings, and has not been 

reproduced by previous simulations [2]. Instead of rigid chlorophylls, PC645 uses 

flexible bilins as chromophores. This suggests that a strong coupling between electronic 

excitations and the distinct vibrational environments of each bilin may play a dominant 

role for the directed energy flow. 

We characterize the vibrational environment by using a mixed quantum 

mechanical/molecular mechanical (QM/MM) approach to the nuclear dynamics. Nuclear 

gradients of each pigment are obtained from density functional theory, while an MM 

force field is used for the protein scaffold. This procedure offers a significant 

improvement over methods using MM force fields on the entire PPC, albeit at large 

computational cost. Since excitation energy transport simulations need to be able to 

capture non-trivial effects induced by the structured vibrational environments, we 

employ QMaster [3,4], a high-performance implementation of the hierarchical equations 

of motion (HEOM) approach. Our simulated spectroscopic observables show excellent 

agreement with the experimental signals. Simultaneously, our EET calculations reveal 

transfer pathways and timescales in good agreement with experimental transient 

absorption. By combining state-of-the-art computational methods we are able to carry 

out rigorous atomistic simulations to reveal the design principles for nano-scale control 

EET in PC645. 
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Similar to the uniquely arranged chromophores in light-harvesting complexes that drive 

photosynthesis, tubulin subunit proteins possess a distinct architecture of aromatic 

amino acids (tryptophan, tyrosine, and phenylalanine) which can serve as 

chromophores in the inverse process: aerobic respiration. The geometry and dipolar 

properties of these aromatics are similar to those found in photosynthetic units, 

indicating that tubulin may support coherent energy transfer. Tubulin aggregated into 

polymeric lattices called microtubules may support such energy transfer, which could 

be important for biological signaling and communication essential to living processes, 

particularly in the brain. Studies suggest that aerobic exercise is cognitively protective 

by promoting increased antioxidant enzyme production and thus enhancing the removal 

of reactive oxygen species (ROS) and other free radicals produced during respiration.1 

Alternatively, the interaction of ROS with biomolecules can result in ultraweak emission 

of ultraviolet (UV) photons.2 This ultraweak emission can excite a variety of 

chromophoric biomolecules, including nucleotide chains in DNA3 and aromatic amino 

acid networks in microtubules.4 Microtubules reorient and reorganize in a dose-

dependent manner after exposure to UV light, with the greatest effect being observed 

around 280 nm,5 and functional microtubule networks may use the energy from this UV 

light as a signaling mechanism throughout the cytoskeleton. Neuroinflammation, a 

hallmark of Alzheimer’s disease and other dementias, arises in part from the 

overproduction of free radicals and this cascade of UV emissions. Since microtubule 

networks in dementia patients are compromised, they would be unable to support 

effective channeling of these UV photons for signaling. Thus, the consequent UV surplus 

may lead to cellular oxidative damage and hasten cognitive decline. We perform 

theoretical and computational investigations of energy transfer between chromophoric 

amino acids in tubulin polymers via transition dipole-dipole interactions coupled to the 

surrounding thermal environment (Haken-Strobl model). Through repeated simulation 

of coherent “hopping” events, similar to environment-assisted quantum transport, we 

calculate the probability distribution of site localization and efficiency of transport given 

an initial photoexcitation at a particular aromatic amino acid along the polymer. Our 

results provide a plausible basis favoring a quantum mechanism of signal propagation in 

microtubules and suggest the need for further experiments to improve the dephasing 
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parameters of the model. Preliminary spectroscopic studies of low-temperature UV 

absorption in tubulin polymers have been planned, and coherent UV pump-probe 

experiments with other groups have been discussed. These studies could address a 

critical barrier to progress in the field of neurodegeneration by developing a 

mechanistic explanation of how light produced from aerobic respiration may affect 

cytoskeletal signaling, genomic regulation, and other coherent cellular processes. 
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Biomimetics is the branch of science which designs materials and machines inspired in 

the structure and function of biological systems. Analogously, novel quantum protocols 

may be envisioned by mimicking macroscopic biological behaviors at the microscopic 

level, in what we call quantum biomimetics. We will provide a survey of our last results 

in the topic, including bio-inspired protocols for cloning partial quantum information, 

quantum artificial life, quantum neurons and quantum neural networks, quantum 

memristoric devices, and their connection to quantum machine learning, among others. 

Finally, we will briefly discuss possible experimental implementations with current 

technologies. 
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In this work, we report the vibrational properties of light-harvesting complexes known 

as phycobiliproteins that were isolated from cryptophyte algae, namely phycoerythrin 

545. We performed that Fluorescence Line Narrowing (FLN) measurements on two 

proteins, isolated from Proteomonas sulcata (CCMP705) and from Rhodomonas 

minuta (CPCC 344) in their native state and partially unfolded with 0.1 M urea.  

The spectra obtained display very weak, but significant, narrow features attributed to 

vibrational frequencies, the intensity of which is enhanced upon urea treatment. The 

frequencies obtained from FLN for PE545 are the following in the low frequency range: 

 

CCMP705 156 171 238 252 261  285 298 308 328 

CPCC344 150 213 242  258 276 284 297  315 

 

It can be noted that: 

i) Quite different frequencies, in particular in the low frequency range, are 

observed for  these two PE proteins, which otherwise display similar 

absorption and fluorescence properties, 

ii) The frequencies we obtained are clearly different from those obtained by 2D 

electronic spectroscopy for phycobiliproteins from cryptophyte algae [1]. 
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Many models for novel nanoscopic photocells have been proposed, based on 

architectures found in photosynthetic organisms [1, 2, 3]. These natural light-harvesting 

systems are considered to be highly efficient machines and more recently have 

exhibited quantum coherence on similar timescales to the underlying charge dynamics 

[4, 5, 6, 7]. Although its precise origin is unknown, theoretical work has considered 

whether this coherence may contribute to the high efficiency [8, 9, 10]. Some suggest 

that the coherent signatures observed in time-resolved spectroscopy may be due to 

strong interactions between vibrational and electronic degrees of freedom within the 

underlying molecular system [11, 12]. 

Previous work on nano-photocells refs [1, 2, 3] has assumed weakly-coupled molecular 

vibrations and have introduced decoherence phenomenologically via rate equations. In 

this work, we rigorously show that strongly-coupled vibrations change the way that the 

molecules interact with the incident solar photons and hence fundamentally alter the 

charge dynamics in molecular systems. Even for single molecules, this strong vibronic 

coupling can lead to rich non-equilibrium effects and qualitatively different steady 

states to the weak-coupling theory. In principle, this will affect the operational efficiency 

and power output of a fabricated nano-photocell. 
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The remarkable almost unity quantum efficiency of photosynthesis is achieved by the 

ultrafast speed of its primary processes, energy transfer and charge separation. These 

take place in delicately built light-harvesting pigment-protein complexes. While the 

pigments interact with light, the protein acts as a dynamic scaffold, determining the 

pigment properties. The slow protein conformational changes thus dynamically control 

the ultrafast light-harvesting function. In our work we are trying to connect these slow 

and ultrafast dynamics. The single-molecule approach enables us to follow the 

fluctuations of individual proteins, while employing ultrafast laser pulses provides us 

with the necessary time resolution. Through a theoretical description we link our 

results to the traditional ensemble spectroscopies, where the slow fluctuations appear 

as a static disorder. As a result, we can observe and study the light-harvesting across the 

relevant timescales. 
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Quantum diffusion in synthetic linear aggregates of 
bacterial light-harvesting systems 

Andrea Mattioni, Felipe Caycedo-Soler, Susana F. Huelga and Martin B. Plenio 

Institut für Theoretische Physik, Universität Ulm, D-89069, Germany 

Excitation energy transfer (EET) in biological light-harvesting systems (LHS) is 

generally understood as a combination of coherent and incoherent phenomena: while 

the former are responsible for the motion of the photo-generated excitation within a 

single complexes of tightly bound chromophores, the latter are the paradigm for inter-

complex long distance transfer, believed to occurr on a picosecond timescale at room 

temperature [1]. However, fluorescence microscopy experiments performed on quasi-

1D synthetic arrays of bacterial LH2 complexes [2] suggest that long-range inter-

complex transfer occurs two orders of magnitude faster than expected. This observation 

challenges the classical description arising from the observed excitonic relaxation rates 

in natural complexes [4], and underlines that a non-trivial phenomenon is likely 

occurring in these biomimetic systems [3]. We find that the unitary propagation from 

the initial conditions fixed by the laser excitation prole in such artificial structure, 

however, is not able to recover the EET observed. Thereby, not only quantum 

mechanical diffusion but a compromise between unitary dynamics and a slower 

dephasing than that observed in natural structures, is required. Our work explores 

numerically several scenarios that could hinder inter-complex dephasing in these 

synthetic systems. The results introduce the right amount of dephasing to boost the 

unitary propagation, while giving proper insights into the underlying mechanisms that 

support the long-range energy transfer observed in these artificial structures. 

 

 
Figure 1: (a) A diffraction limited laser pulse initializes the chain in a coherent superposition 

of local ring excitons which undergoes diffusive dynamics at long times. The internal 

structure of each LH2 can be neglected taking advantage of the parity-selective coupling 

between nearest rings. (b) For low dephasing γ the excitation exceeds 150% of its initial 

width within its lifetime, while the transfer remains diffusive (c), the diffusion coefficient D 

being proportional to 1/γ (d). 
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The biophysical information represented in biologically important molecules such as 

DNA, RNA, proteins, provide the basis for the cellular machinery. However, many of 

these molecules can have a large variety of spatial conformations that determine their 

intrinsic properties. How is the accuracy of their biological function in the cell provided? 

We review of the implicit complexity of protein folding, such as intracellular transport, 

molecular docking, and molecular recognition. In this respect, a folding-reaction 

paradox was earlier formulated: complex molecules seem to only reach their final 3-D 

functional configuration in an exponentially long time, which contradicts the 

observation of complete folding within seconds. This generalized paradox was 

approached by several models that tasks of tiling, traveling salesman, and the Boolean 

satisfiability problem, but they do not reach sufficient time-reduction of the folding 

trajectories. 

Collectively, it is demonstrated that classical biophysical mechanics cannot explain the 

highly coordinated proteomic networks nor the overall functional structure of the cell 

(see also Melkikh and Khrennikov, 2015). Therefore it is concluded that the existence of 

non-trivial quantum effects is not only necessary for the solution of the apparent folding 

paradox but also for functioning of living system as a whole. In particular, long distance, 

top down influences of force fields should be included. Finally, a model of innate 

behavior programs and non-trivial quantum effects in neurons is proposed, based on 

quantum steered bio-geometry. 
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An Asymmetric Resonant Tunneling Diode as an 
Efficient Quantum Biomimetic Electronic Nose 

Ashlesha Patil, Dipankar Saha, Swaroop Ganguly 

Department of Electrical Engineering, Indian Institute of Technology Bombay, India 

 

We often resort to (natural) canine olfaction for drug and explosive detection as man-

made electronic nose sensors are not yet as sensitive. We aim to develop an electronic 

nose that would distinguish odorants based on their molecular vibrations - this is 

inspired by the vibration theory of olfaction and is therefore possibly biomimetic. The 

vibration theory is based on the principle of inelastic electron tunneling spectroscopy 

(IETS) [1]. However, to avoid thermal broadening of peaks, IETS has to be performed at 

cryogenic temperatures. On the other hand, if it is indeed the biological mechanism 

underlying animal olfaction, then nature must have some way to perform IETS at 

ambient temperatures. In earlier work [2, 3], we have suggested the use of a one-

dimensional double-barrier resonant tunneling diode (RTD) as a quantum biomimetic 

electronic nose operating at room temperature. The RTD acts as an electron energy 

filter and alleviates the broadening of IETS peaks due to thermal broadening of the 

contact Fermi distributions. We have simulated the phonon-assisted inelastic tunneling 

transport in this quantum wire RTD using the Non-Equilibrium Green's Function 

(NEGF) formalism and extracted its vibration spectrum i.e., the IET spectrum. We 

observed that the odorant molecule leaves a signature in the vibration spectrum only if 

it is attached to the emitter side barrier of the RTD. Hence, the effective surface area for 

sensing would be limited. We will present our work on the asymmetric RTD with wider 

emitter side barrier to take advantage of this. In addition to preserving the 

functionalities of the symmetric RTD, the asymmetric RTD provides comparatively more 

sensing area. Hence, it is a very promising candidate for an efficient electronic nose 

operating at room temperature akin to its biological counterpart. 
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Emulating photosynthetic reaction center using 
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The photosynthetic apparatus of most light harvesting organisms consists of two major 

components: the excitonic transport network and the reaction center. The former is 

responsible for the transport of excitons from the antenna (where photons are captured 

in the form of excitons) to the reaction center; which, in turn, is involved in charge 

separation, thus facilitating the conversion of solar energy into chemical energy. Both of 

these processes are highly efficient possibly because of quantum coherence therein. In 

this work, we explore the possibility of mimicking the reaction center using coupled 

quantum dots, with the goal of achieving super-efficient light-to-electrical energy 

conversion. The biological reaction center consists of a special pair of chlorophyll 

donors that receive excitons and transfer the electrons to an acceptor, thereby leading 

to charge separation. These electrons are subsequently used in chemical reactions. It 

has been shown that Fano interference and dipole-dipole interaction between donors 

could result in delocalization of excitonic states. Delocalized excitonic states show high 

charge transfer efficiency as compared to their non-delocalized counterparts. Here, we 

propose to emulate the donor pair of the reaction center using a pair of quantum dots 

interacting via dipole-dipole interaction while the acceptor molecule is emulated by a 

quantum dot coupled to the donors via tunneling; our modeling uses the so-called 

quantum heat engine approach proposed by Dorfman et al. (PNAS, 2013). 
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We investigate energy transfer in a system of three capacitively coupled transmon 

qubits. Qubits 1 and 2 interact with a coplanar-waveguide transmission line, through 

which the system is energized, and qubit 3 with a large decay rate resonator through 

which its Purcell-limited decay is measured. We study the power spectral density of 

microwave radiation emitted back into the transmission line and into the resonator in 

dependence on various system parameters. This model system experiment is motivated 

by efficient light-harvesting processes found in biological systems. 
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Coherent Transport in Ion Channels 
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Quantum coherence has been proved to exist in conditions compatible with biological 

processes in a couple of systems. It has already been suggested that coherent tunneling 

can be an alternative model to simulate the efficient transport observed in KcsA 

channels [1]. Here we are able to show that in a multi-particle model with unshielded 

Coulomb repulsion and thermal noise, the current efficiency improves once coherent 

hopping is taking into the model.  

The channel is modeled as a linear chain of 5 sites besides source and  drain. Source and 

drain are very simplistic since the first only throws particles into the channel while the 

second absorbs them once they reach the end of the channel. No thermal effects nor 

particles correlations were taken into account, except by a thermal noise due mainly to 

the oscillations of the proteins that form the channel. In the usual classical version of 

this problem, the electrostatic repulsion between two adjacent potassium ions is very 

large, making it energetically unfavorable for two potassium ions to occupy neighboring 

sites [2,3]. Amazingly, this behavior is also captured in our simulations with 4 ions. 
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Magnetic field enhancement of organic photovoltaic 
cells performance 
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Charge separation is a critical process for achieving high efficiencies in organic 

photovoltaic cells. The initial tightly bound excitonic electron-hole pair has to dissociate 

fast enough in order to avoid photocurrent generation and thus power conversion 

efficiency loss via geminate recombination. Such process takes place assisted by 

transitional states that lie between the initial exciton and the free charge state. Due to 

spin conservation rules these intermediate charge transfer states typically have singlet 

character. Here we propose a donor-acceptor model for a generic organic photovoltaic 

cell in which the process of charge separation is modulated by a magnetic field which 

tunes the energy levels. The impact of a magnetic field is to intensify the generation of 

charge transfer states with triplet character via inter-system crossing. Being the ground 

state of the system of singlet character triplet states are recombination-protected, thus 

leading to a higher probability of successful charge separation. Using the open quantum 

systems formalism we demonstrate that not only the population of triplet charge 

transfer states grows in the presence of a magnetic field but also how the power 

outcome of an organic photovoltaic cell is in that way increased. 
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Nanoporous metals are artificial. Therefore, their properties are a direct result of the 

preparation strategy. We introduce metals with networked nanoscale inner-

architecture in three-dimensions. These networked-metals (`Netals`) express a peculiar 

interaction with light which is attributed to surface plasmons excitation. The 

interactions of noble-metal networks with the entire solar spectrum and their support 

on high hot-electron generation provide them with photo-catalytic abilities. Their 

combined properties of large-scale, purity, conductivity, transparency and higher 

surface area make them appealing from both fundamental-scientific and technological 

aspects. 

 

 
Figure 1. Colored SEM image of 3D silver network (“silver Netals”). The constituting 

nanoscale particles and cavities are of multiple sizes and shapes, therefore support surface 

plasmon excitations at multiple modes. The colors illustrate the fact that each nanoscale 

feature (particle, hole) resonantly interacts with a distinct wavelength leading to network`s 

interaction with the entire solar spectrum. 
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Photosynthesis in bacteria is initialized by photo-excitation of a carotenoid pigments, 

followed by ultrafast transport of excitations to bacteriochlorophylls on timescales 

ranging from 40 to 160 fs depending on the organism in question [1]. Recent 

development in optical femtosecond technologies allowed for parametrization of these 

processes and challenged applicability of standard Forster transport theories as these 

would combine very fast transport with moderate electronic coupling strengths 

reported in structure-based calculations [2]. 

We have recently demonstrated that vibronic dynamics, combining dipole-dipole 

coupling of electronic states with effects of underdamped vibrations on carotenoid, can 

better explain absorption spectrum and pump-probe estimation of transport rates 

measured in LH2 of Marichromatium purpuratum [3]. The applicability of similar 

models to ultrafast optical dynamics of range of light harvesting pigments with different 

detuning between carotenoid and chlorophyll, lifetimes or frequencies of vibrations , 

such as these from Rhodospirillum Molischianum [4], is to be tested yet. 

We have thus generalized dynamical model of Ref [3] and implemented a model of 

vibronic molecular aggregate of which one electronic chromophore with a few attached 

underdamped vibrations represent the carotenoid and it is coupled to a few 

chromophores of chlorophyll [5]. In the present communication we demonstrate the 

ability of such models to reproduce larger variety of ultrafast optical measurements for 

the complexes M. pur., Rs. Moli. and some their artificial analogs. Direct signatures of the 

presence of complex electronic- vibrational coherences in in the 2D spectra of these 

light harvesters will also be discussed. 

 

Acknowledgement: Czech Science Foundation 
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We present a model experimental system to study arrays of pigments, as found in 

photosynthetic complexes, and their interaction with an environment. Here we use 

engineered quantum circuits to study with unprecedented versatility and control 

functional aspects of a minimal antenna-trap model. In particular, we experimentally 

demonstrate noise assisted transport (NAT) between quantum coherent sites 

disordered in energy for two environmental noise types. Additionally, we show that 

even under incoherent illumination, the system exhibits quantum coherent properties.  

The overall energy harvest is maximized for structured noise similar to the phononic 

environment of photosynthetic complexes. 
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Biological light harvesting complexes (LHCs) of photosynthetic organisms are known to 

efficiently transfer excitation energy. Prior research suggests that the energy transfer 

process is affected by quantum coupling between chromophores within and between 

the LHCs. One way to study the coupling between the chromophores, is to measure the 

g(2) (τ) intensity correlation function of the light emitted by the LHC following excitation. 

Antibunched emission from the LHC will indicate that it functions as a single photon 

emitter, and therefore the chromophores in the LHC are coupled. In this study we use a 

LHC isolated from thermophilic cyanobacteria, phycocyanin (PC). We developed a 

process in which we dilute PC proteins in a solution of nanocrystalline cellulose (NCC) 

and Phosphate-buffered saline (PBS) buffer, to a concentration for which the separation 

between the PC units enables single protein measurements. g(2) (τ) of a single PC unit is 

measured using a Hanbury Brown and Twiss (HBT) experimental setup, that was 

designed for the purpose of this study. Preliminary results show that this method 

enables the isolation of the proteins in a protected environment in which the known PC 

emission spectrum can be measured. The emission spectrum measured for such 

samples resembles the known emission spectrum for PC in aqueous solutions, indicating 

that spin coating PC with NCC preserves its optical behaviour in an aqueous medium. 

However, future work should be done to overcome the challenges of single protein 

measurements. 
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Herzberg-Teller- and Non-Condon effects, i.e. dependencies of exitonic coupling and 

transition dipole moments on intramolecular vibrations, can lead to increased 

amplitude of coherence beatings in 2D-spectra despite a small Huang-Rhys factor [1]. 

This experimental relevance suggests a theoretical investigation of such non-adiabatic 

coupling effects. At the same time considerations about the methodical approach reveal 

analogies between treatment in a vibronic basis involving bosonic creation and 

annihilation operators [2, 3] and a treatment with rescaled “hierarchical equations of 

motion” (HEOM) [4, 5]. We calculated absorption- and 2D-spectra via response 

functions [6] with both methods and found similar tendencies of changes in the vibronic 

structure of the exciton bands. Depending on whether Non-Condon or Herzberg-Teller 

effects are considered and up to which order such effects are taken into account in a 

Taylor expansion, the respective changes consist in an effective increase of the Huang-

Rhys factor, transfer of vibrational energy between the exciton states or a combination 

of both. Thus, our study both yiels insight into the mechanism of enhancement of 

vibrational coherence beatings and illustrates the analogies between density matrix 

propagation and HEOM in the treatment of non-adiabatic coupling effects. 
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Open Quantum Walks (OQWs) are the type of quantum walks exclusively driven by 

dissipation. OQWs have been shown to have a rich dynamical behaviour with the 

potential for applications in quantum information processing, quantum computing, and 

quantum biology. 

OQWs are the suitable tool to describe transport between large macromolecular 

complexes weakly coupled to each other. In this poster presentation, we will 

demonstrate ways to combine open quantum walks approach together with non-

Markovian approaches to the description of small quantum system dynamics (such as 

transfer tensor method). 
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Fenna-Matthews-Olson (FMO) complex is a trimer pigment-protein complex, in which 

each monomer, quite independently from each other, transfers the excitation energy 

from the antenna pigment through a network of seven bacteriochlorophyll-a (BChla) 

molecules to the reaction center with a near unity quantum efficiency.1, 2, 3 Such transfer 

was originally understood in terms of energy hopping between di 

different BChla sites, recent experiments using 2-D Fourier transform spectroscopy 

have indicate the existence of coherence between them.4, 5 Despite many efforts in 

recent times, the explicit role of coherence in such excitation energy transfer (EET) still 

remains elusive. 

In this regard, we numerically solve the non-Markovian density matrix equation by 

considering all the dominant interaction between the BChla sites. We find existence of 

two pathways of energy transfer – one originating from BChla 1 and the other from 

BChla 6 - both leading to BChla 3 and BChla 4, which are coupled to the reaction center. 

We use a complex spectral function to include the effect of active vibronic modes of the 

different BChla sites6 and the different electron-phonon couplings to the bath to 

incorporate the local inhomogeneity of the protein environment. 

To analyze the explicit role of coherence in EET, we compare the dynamics of the FMO 

complex with coherent interaction among all the BChla sites [see Fig. 1a] and with 

incoherent coupling between the BChla 5 and all other BChla sites [see Fig. 1b]. Clearly, 

with incoherent coupling, no EET occurs from any BChla site to BChla 5, while in 

presence of coherent coupling, the energy is redistributed among all the BChla sites, 

thanks to delocalization due to coherence. We further show in Fig. 2 how the coherence, 

dened by Tr(ρ2), of the entire monomer evolves with time. The existence of a partially 

coherent state of the different BChla sites at the steady state makes the EET process 

quite different from the Markovian spin-boson dynamics.7 

Our study thereby explicitly reveals the role of coherence in excitation energy 

redistribution among various BChla sites. 
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Figure 1: EET dynamics when BChla 6 is initially excited at a temperature T = 125 K in 

presence of (a) coherent coupling between all the BChla sites, (b) incoherent coupling 

between the BChla 5 and the other BChla sites. 

 

 
Figure 2: Temporal variation of the coherence, defined by Tr(ρ2), when BChla 6 is initially 

excited at a temperature T = 77 K. 
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Fluorographene as a possible 2D artificial biomimetic 
light harvesting antenna 

Vladislav Sláma, Sayeh Rajabi, Tomáš Mančal 

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Prague 2, 

Czech Republic 

 

Fluorographene is 2D material which has been recently intensively studied for its 

exceptional electronic and mechanical properties and also as an intermediate substance 

for graphene preparation. Perfectly fluorinated fluorographene, is an insulator with 

energy gap wide enough to make it transparent to almost complete solar spectrum. 

When only a partial fluorination of graphene is achieved, resulting disordered material 

exhibits graphene-like isles with π-conjugated electronic states which are similar to π-

electron states of corresponding isolated hydrocarbon molecules. These defects destroy 

the perfect symmetry of fluorographene and therefore a molecular approach to 

calculation optical and transport properties of the material may be more suitable. In the 

molecular approach, isles of graphene, acting as defects in fluorographene, would be 

treated as quasi-molecules between which no or only limited electron transfer could 

occur. After excitation by light, excitation energy transfer between individual defects 

could still proceed by the resonance energy transfer mechanism similar to pigment 

protein complexes in photosynthesis and certain arrangements of defects in 

fluorographene can act as an efficient light-harvester. In this contribution we confirm 

that idea by ab-initio calculations, and show that these molecule-like defects, which are 

covalently bonded to fluororgraphene surface, can be treated by Frenkel exciton model. 

The 2D nature of this system gives rise to different distance dependence of interaction 

energy than we would expect in photosynthetic complexes. We also present and 

compare approximate approaches for including effects of fluorographene environment 

for calculation of transition energy shifts and interaction energies between individual 

defects on fluorographene sheet. These approaches can be then used for calculation of 

spectral properties and excited energy transfer in real fluorographene sheet covered by 

many defects. 
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Vibronic chain for charge separation dynamics and 
exciton-CT mixing 

Alejandro Somoza Márquez, James Lim, Susana F. Huelga and Martin B. Plenio 

Institut für Theoretische Physik and IQST, Universität Ulm, Ulm 89069, Germany 

 

Vibronic coupling has been investigated extensively in the context of long-lived 

quantum coherences in natural and artificial light-harvesting systems [1,2]. The 

influence of vibronic coupling on nonlinear optical responses and its functional 

relevance in exciton transfer and charge separation dynamics have been studied for 

photosynthetic complexes [2] and more recently for organic photovoltaics systems [3]. 

In this work, we investigate the absorption spectrum of a vibronic chain where vibronic 

coupling, electron/hole transfer integrals, exciton binding energy and Coulomb 

attraction between the spatially separated electron-hole pair (charge-transfer states) 

are treated on equal footing within a Holstein Hamiltonian. Considering both small and 

large Huang-Rhys factors up to the order of unity, motivated by the weak vibronic 

coupling in photosynthetic reaction centers and the strong vibronic coupling of organic 

solar cell materials, we investigate how vibronic coupling mediates the resonance 

between exciton and charge-transfer (CT) states and modulates the absorption 

lineshapes. We finally investigate how the degree of exciton-CT mixing and its 

signatures in absorption spectrum depend on model parameters, including chain length 

and the static disorder of exciton and CT states. 

 

References: 
[1] A. W. Chin et al., Nature Phys. 9, 113 (2013); J. Lim et al., Nature Comm. 6, 7755 (2015). 

[2] E. Romero et al., Nature Phys. 10, 676 (2014); F. D. Fuller et al., Nature Chem. 6, 706 (2014). 

[3] A. De Sio et al., Nature Comm. 7, 13742 (2016). 
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Theoretical Model of Multi-Step Electron Transfer in a 
Molecular Triad 

Freja E Storm, Kurt V. Mikkelsen and Thorsten Hansen 

University of Copenhagen, Department of Chemistry, Universitetsparken 5, 2100 

Copenhagen, Denmark 

 

In this work a simple model system of a 

molecular triad is presented. The triad is 

made from three moieties, an electron 

donor, a central chromophore unit and an 

electron acceptor. 

The properties of these three moieties are 

in this model presented via the frontier 

molecular orbitals, the HOMO of the donor, the HOMO and excited level of the 

chromophore and the LUMO of the acceptor. 

The position of these levels are based on computational investigations of these moieties, 

where the chromophore used is a boron-subphatalocyanine unit. This unit is chosen 

since these chromophores have strong absorption in the visible range of the sunlight, 

opening up the possibility for these models to be used for system with application in 

photo voltaic systems. 

The donor and acceptor unit is based on previous investigations1, and is chosen in order 

to facilitate electron transfer from donor to chromophore to acceptor, ensuring a large 

charge separation. 

The four molecular levels are used to 

create 6 different electronic states, where 

each state represent different charge 

distributions, based on the assumption 

that the relevant states can be found via a 

two electron model. 

Based on this an Hamiltonian of the system is formulated. In order to model the electron 

transfer reactions under more relevant conditions it is assumed that the system coupled 

to a thermal bath. This bath is to a first approximation model via a spectral density, by 

separating the interesting molecular triad system from the thermal bath a reduced 

density description can be used, and the occupation of the 6 states can be propagated 

via Redfield Theory. In this work that propagation is made via The Quantum Toolbox in 

Python (QuTip) 2 

By modifying acceptor and donor levels, the influence on the populations after 

dephasing is investigated. 

In future work this model will be used as the base for simulating pump-probe 

experiments on molecular triad systems. 
 

References 
1. F.E. Storm et al. “Boron Subphthalocyanine Based Molecular Triad Systems for the Capture of Solar 

Energy”. In: J. Chem. Phys. A (2016). DOI: http://dx.doi.org/10.1021/acs.jpca.6b05518. 
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Transfer of Delocalised Charges in Molecular 
Aggregates 

N. B. Taylor1, I. Kassal2 

1Centre for Engineered Quantum Systems and the School of Mathematics and Physics, 

University of Queensland, St Lucia, QLD 4072, Australia 
2School of Chemistry, University of Sydney, Camperdown, NSW 2006, Australia 

 

Many important systems, from photosynthetic complexes to organic photovoltaics, are 

constructed of molecular aggregates of charge donors and acceptors. Marcus theory 

(MT) can describe the rate of charge transfer in molecular systems, but only if the 

charge is transferred from a single donor molecule to a single acceptor molecule. 

However, within many molecular systems, charges are delocalised across multiple 

molecules, making MT inapplicable. The only alternative are computational simulations, 

that treat the aggregates as supermolecules. Full simulations have two weaknesses: 

poor 

scaling with system size and the need for a complete recalculation if a small change is 

made to the system.  

We describe charge transfer between delocalised aggregates (Figure 1), with the 

advantage that the rate of inter-aggregate transfer can be calculated based on the 

known properties of the individual molecules and the couplings between them, 

obviating the need for large-scale simulations. Our approach is a generalisation of MT 

(gMT) inspired by generalised Förster theory (FRET), which describes excitation energy 

transfer between delocalised aggregates [Jang et al. Phys. Rev. Lett. 92, 218301 (2004)]. 

 

 
Figure 1. Top: Marcus theory describes the transfer of a charge (pale blue) from a donor 

molecule (orange) to an acceptor molecule (dark blue). Bottom: generalised Marcus theory 

describes the transfer of a delocalised charge from an aggregate of donors to an aggregate of 

acceptors. 

We then apply gMT to the bacterial reaction centre, where delocalisation is known to 

occur between the special-pair bacteriochlorophyll, in order to examine the impacts of 

delocalisation on the charge transfer rate to the accessory bacteriochlorophyll (Figure 

2).  

 
Figure 2. Bacterial reaction centre. Charge delocalised on the special pair (orange) is 

transferred to the accessory bacteriochlorophyll (blue) [Blankenship, R. Molecular 

Mechanisms of Photosynthesis, John Wiley & Sons (2014)]. 
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Higher-order corrections to the Redfield equation 
with respect to the system-bath coupling 

Anton Trushechkin1 

1Steklov Mathematical Institute of Russian Academy of Sciences, Moscow 
2National Research Nuclear University “MEPhI”, Moscow 

2National University of Science and Technology “MISiS”, Moscow 

*trushechkin@mi.ras.ru 

 

A challenge for the theory of excitation energy transfer in light-harvesting pigment-

protein complexes is the equal strength of pigment-protein and pigment-pigment 

couplings (from the viewpoint of theory of open quantum systems: system-bath 

coupling and couplings between different parts of the system). By this reasons, the 

Redfield and Forster approaches, which are based, respectively, on weak pigment-

protein coupling and weak pigment-pigment coupling, are not quite adequate. From the 

other side, non-perturbative approaches, e.g. hierarchical equations of motion (HEOM), 

are computationally expensive. Thus, approximate approaches with close accuracy are 

required. 

We propose higher-order corrections to the Redfield master equation derived in two 

ways: from the HEOM and within theory of quantum stochastic limit. We argue that the 

quantum master equations with these higher-order corrections allow to model the 

excitation energy transfer with equal strengths of pigment-pigment and pigment-

protein couplings and present the results of numerical calculations. 

Also we present the quantum stochastic limit approach, which allows to derive the 

simplified equations (which are turn out to be stochastic) for the unitary dynamics of 

the whole system (both ``relevant system’’ and “bath”, in our case: electronic and 

vibrational degrees of freedom). This approach is, thus, more general than the reduced 

dynamics of the relevant system approach. This more general stochastic limit approach 

may be useful for the description of electron-vibational spectroscopy. 

 

References: 
1. S. Trushechkin, I. V. Volovich, “Perturbative treatment of inter-site couplings in the local 

description of open quantum networks”, EPL, 113:3 (2016), 30005 , 6 pp., arXiv: 1509.05754 

2. L. Accardi, Y.G. Lu, and I. Volovich, Quantum Theory and Its Stochastic Limit (Springer, 2002) 
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Dynamic control of coherence length in J-aggregates 
by surface plasmons 

Adam Weissman, Elad Segal and Adi Salomon 

Department of Chemistry, Institute of Nanotechnology and Advanced Materials (BINA), 

Bar-Ilan University, Ramat-Gan 

 

Collective behavior of optical molecules was shown to significantly alter their properties 

in terms of intensity and spectral response. Yet in mild conditions the extent of this 

phenomenon is usually limited to a few molecules, due to lattice imperfections. In this 

work, nano-cavity plasmons were used to extend the coherence length of collective 

absorption in porphyrin based J-aggregates. The aggregates were aligned with respect 

to a plasmonic structure by a method which combine of mechanical and chemical 

means, and polarization switching was used to study the effect of the plasmon on their 

collective behavior. 
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Straightforward Self-formed Nano Junctions 
Realization for Electron Transport through 

Nanostructures 

Amir Ziv1, Avra Tzaguy2, Ori Hazut2, Shira Yochelis1, Roie Yerushalmi2 and Yossi 

Paltiel1 

1Department of Applied Physics, the Hebrew University of Jerusalem 9190401, Israel 
2Department of Chemistry, the Hebrew University of Jeruslame 9190401, Israel 

 

Measuring electron transport through a single or a small ensemble of molecules is an 

important ability required for the study of quantum effects in biological system. 

Fabricating compact molecular junctions, for such measurements “on chip” is a big 

challenge, and fabrication schemes for such junctions are usually long, complex and are 

not easily scalable or reproducible. In our recent work, we present a fabrication scheme 

for a molecular junction that is robust and straightforward, where unique 

semiconducting nanowires with nano-shell metal cap are selectively positioned at 

desired locations, and act as contacts for the molecular junction. This junction can be 

operated under ambient and wet condition, and thus can become a powerful testbed for 

the study of biological systems. Electron transport measurement results prove the 

intercalation of molecules and quantum dots into the junction interface, thus realizing a 

molecular junction. The compactness of the junction allows to perform these 

measurements in-situ before and after introducing the molecules, and in principle will 

allow measuring the response in real time – while inserting the molecules or other 

nanostructures. 
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