
2022 Japanese –French Frontiers of Science 

Field:  
Biology/Life Sciences 

Session Topic: 
Food and Society 

Introductory Speaker: 
SHIMA Ai, The University of Tokyo 

Title: Development of cultured steak - Technology for the sustainable food production 

We can easily obtain safe and delicious foods every day in our modern world. However, 
various issues related to food have arisen in recent years: for example, global food imbalance, 
environmental destruction due to large-scale agriculture/livestock, zoonotic diseases, animal 
welfare, and safety of genetically modified food. Various scientific fields are conducting 
challenging research to solve these problems. In this session, I will provide the topic of creating 
next-generation meat “cultured meat” by the knowledge of cell biology and tissue engineering 
as one of the solutions to solve the future meat shortage. The subsequent speakers will introduce 
analytical research on plants acquiring phosphate with high efficiency for sustainable 
agriculture and our metabolism regulated by circadian clock and time-restricted feeding for 
human health, respectively. 

Meat depends on industrial large-scale livestock, which has high environmental loads, and 
there is no guarantee that the current meat is sustainable for the future. The global population 
is expected to reach 10 billion by 2050 and it is feared that protein supply cannot cover its 
demand, which is called “Protein Crisis”. In response to this problem, a novel approach of 
artificial meat production has been proposed. Cultured meat is aseptically engineered skeletal 
muscle tissues consisting of culture-expanded animal cells. The cells are isolated from muscles 
without killing animals and expanded to produce greater volumes of meat than one could obtain 
from animals, which is the reason why cultured meat is thought to be sustainable for the future. 
In this talk, I will introduce the frontier of cultured meat technology, including a current trial in 
our laboratory focusing on developing cultured steak. 

Reference: 
Furuhashi M., Morimoto Y., Shima A., Nakamura F., Ishikawa H., Takeuchi S. (2021) 

Formation of contractile 3D bovine muscle tissue for construction of millimetre-thick 
cultured steak, NPJ Science of food 5(1):6 
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Speaker: 
Megumi Hatori, Nagoya University 

Title: Regulation of the circadian clock and time-restricted feeding to improve 
metabolism 

I aim to understand how organisms receive and process environmental information and 
tune behaviors for optimum adaptation. I am working on two major factors that affect the 
circadian clock, the endogenous time-keeping mechanism regulating daily rhythms of 
physiological processes, such as sleep-wake cycles. First factor is photic inputs. I revealed 
the molecular, neuronal, and in vivo functions of a blue light-sensitive photoreceptor 
melanopsin and melanopsin-expressing retinal ganglion cells. Second factor is nutritional 
cues. I have been focusing on the tight connection between feeding and the circadian clock. 
I revealed that the timing of eating affects the energy metabolism: time-restricted feeding 
effectively prevented diet-induced obesity. Time-restricted feeding without reducing 
caloric intake prevents metabolic diseases in mice fed a high-fat diet. In this talk, I will 
discuss the regulation of the clock system including our recent work to unveil the 
relationship between the whole-body homeostasis and energy metabolism.  

References: 
[1] Nat Chem Biol. 2020 Mar 30;doi: 10.1038/s41589-020-0505-1. 
[2] Cell Metab. 2012 Jun 6;15(6):848-60. 
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Title: Misperception and Disinformation: Understanding and Rethinking of 
Echo Chamber. 

The aim of this session is to understand misperception and disinformation in the modern era. 
I would like to introduce and examine the concept of the echo chamber for further discussion 
in this session [1]. Echo chambers of interests and communication have been enlarged and 
consolidated particularly by the rapid increase in the use of social networking services (SNS) 
such as Facebook, Twitter, and etc. Such developments have enhanced emotional communities, 
bound particularly by negative feelings and dark passions, as well as entrenched polarization 
[2-4] and created hotbeds forfake news and pseudoscience. Tragically, previous research 
showed that the spread of fake news were faster than fact [5]. 

Echo chambers have also altered scientific understandings of misperception and 
disinformation. For a case in point, I will discuss the Tōhoku Great Earthquake and tsunami in 
East Japan in March 2011 that led to the disaster at the Fukushima nuclear power plant [4]. I 
will also discuss the complex effects of morals, beliefs, and literacy on the perception of science 
[5].  

As a result of our discussion, I expect us to have a baseline of shared knowledge needed to 
understand not only misperceptions and disinformation in the contemporary era but also part of 
the mechanisms by which they affect the knowledge society. 

References: 
[1] Sunstein C. (2001) Republic.Com. Princeton Univ Dept of Art.  
[2] Bakshy E., Messing S., Adamic LA. (2015) “Exposure to ideologically diverse news and 

opinion on Facebook.” Science, 348(6239): 1130-1132. 
[3] William J., Brady JA., Wills JT., Josta JA., Tucker JJ., Van B. (2017) “Emotion shapes the 

diffusion of moralized content in social networks.” PNAS, 114 (28): 7313-7318. 
[4] Valaskiv K, Rantasila A, Tanaka M, Kunelius R. (2019) Traces of Fukushima: Global 

Events, Networked Media and Circulating Emotions. Palgrave Pivot. 
[5] Vosoughi S., Roy D, Aral S. (2018) “The spread of true and false news online” Science, 

359: 1146-52.
[6] Drummond C., Fischhoff B. (2017) “Individuals with greater science literacy and 

education have more polarized beliefs on controversial science topics.” PNAS, 114(36): 
9587-9592. 
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Glossary: 
- echo chamber: situations in which beliefs are amplified or reinforced by 
communication and repetition inside a closed system. Echo chamber increase 
social and political polarization. 

Background Review Article: 
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Hugo MERCIER, CNRS Institut Jean Nicod 

Title: Why do some people share fake news but most don’t? 

Fake news and misinformation have been hailed one of the most pressing dangers facing 
modern democracies. Some pieces of fake news have indeed proven very popular. Is this 
because people fail to recognize them as false? We suggest instead that people recognize 
most fake news as implausible, but think that some of them would be so interesting if they 
were true that they warrant sharing. In spite of the success of some pieces of fake news, 
fake news remains a very small portion of people’s information diet, and a few social media 
users are responsible for sharing the majority of fake news. We have shown that if most 
people are reluctant to share fake news, even fake news that would otherwise be attractive, 
it is because they realize the reputational costs that can be incurred when sharing such 
news: when individuals or news outlets share fake news, even one item, they are quickly 
seen as untrustworthy. Our results, alongside the growing literature on fake news, and 
media studies more generally, help us better understand the cultural phenomenon of fake 
news, and question how much of a threat they really are. 
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Speaker: 
SUZUKI Ayaka, University of Tsukuba 

Title: Anti-gender Campaigns in Japan: Perceptions of ‘Gender’ among the 
Right 

In Europe, a large-scale anti-gender campaign has developed since the 2010s. This 
campaign started from the mass protest that took place in France in 2013. The protest 
was planned and carried out by a political organization “La Mnif Pour Tous 
(Demonstration for everyone)” to oppose laws and policies allowing same-sex couples to 
legal marriage and child adoption. The aftermath spread across European countries, with 
attacks on gender equality and sexual rights, including marriage equality, reproductive 
rights, and sex education. This campaign also targeted gender studies as an academic 
discipline, claiming that it is “gender theory” (note: this is not gender studies) and “gender 
ideology” that promotes gender equality and sexual rights. 

On the other hand, a similar campaign had developed in Japan about 10 years earlier 
than those in Europe, in the 2000s. The Japanese anti-gender campaign was occurred at 
a time when the Basic Law for a Gender-Equal Society was enacted in 1999, and efforts to 
realize a gender-equal society were about to begin. Rightist politicians, intellectuals, and 
organizations spread misleading information that the Basic Law “seeks to eliminate 
physical differences between men and women,” “leads to the collapse of the family,” and 
“denies traditional cultures.” Gender studies and its academic professionals were also 
targeted during these campaigns. 

Based on research I have conducted in rightist civil groups promoting the anti-gender 
campaigns in Japan, this presentation will examine how the rightists distorted and 
communicated the concept of “gender,” and how the women who participated in the 
campaigns received such information and why they came to oppose gender equality 
although they are women. 

References: 
[1] Roman Kuhar and David Patternote (eds.), 2017, Anti-Gender Campaigns in Europe: 
Mobilizing against Equality, London: Rowman & Littlefield. 
[2] Mikiko Eto, 2016, “‘Gender’ Problems in Japanese Politics: A Dispute over a Socio-
Cultural Change towards Increasing Equality,” Japanese Journal of Political Science, 
17(3): 365-85. 
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Glossary: 
- Gender: Knowledge that gives meaning to physical differences between men and 
women. 

- Reproductive rights: The rights of individuals to decide whether and when to 
have children. 

Background Review Article: 
Ayaka Suzuki, 2019, “Uncustomary Sisterhood: Feminist Research in Japanese  
Conservative Movements,” in Toscano, Emanuele ed., Researching Far-Right  
Movements: Ethics, Methodologies, and Qualitative Inquiries, Oxon: Routledge, 
107-20. 
Ayaka Suzuki, 2017, “The Grass-roots Conservative against Gender Equality: The 
Case Study of Antifeminism Local Movement in Japan,” Osaka Human Sciences, 
3: 117-35. https://ir.library.osaka-u.ac.jp/repo/ouka/all/60586/
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Digital identity is a concept that roughly defines the set of digital traces that connect to a 
specific individual. 

On the one hand, to the humble computer scientist, identity itself is quite a fuzzy notion, 
whose definitions range from legal identification (e.g., under the form of an id card), to 
more social perspectives, where identity refers to how one perceives oneself and the others. 
One common point : no two individuals share the same identity.

On the other "hand", digital initially referred to elements that could be counted with the 
fingers of the hand. These elements are necessarily interchangeable, generic, fungible, and 
hence considered equivalent (one digit is one digit, a thumb is equivalent to an index).

Here lies a tension between identity, a notion referring to real unique individual, with its 
flesh, ideas, thoughts, and digital information waiting to be processed like any other digit 
sequence in a complex circuitry we call computers.  

This tension sets the stage of multiple research directions that aim at controlling the 
mapping between the 'real' individual and its identity data. We can list some:

 security/biometry: how to capture data about individuals that cannot be easily 
forged ?
security/authentication: if we only interact through data, how do we recognize each 
other ?
privacy/fingerprinting: ensure people control which parts of them go in the digital 
world

Yet this approach of considering the digital world to be distinct from the reality is shifting. 
First, capturing identities through data has arguably been very successful in some areas. 
For instance, machine learning can predict tastes and opinions of individuals using limited 
data with a surprising accuracy.
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Moreover, as the digital (online) world is involved in a growing share of our existences: it 
becomes part of the reality. This (digital) segment of the reality is however not ruled by 
men, but by algorithms, that hence shape a considerable part of our existence. A 
perspective that unfolds new questions :

 how to enforce law in the digital (online) world ? 
 who controls what we perceive in the digital world ? 
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Walter Rudametkin, University of Lille  CRIStAL  Inria

Title: Improving Security and Privacy of the Web : a look through the lens of Browser 
Fingerprinting

Browser fingerprinting is the process of identifying a user’s device by accessing a collection of 
relatively stable attributes through Web browsers. We call the generated identifiers browser 
fingerprints. Fingerprints are stateless identifiers and no information is stored on the client’s 
device. They can be used to re-identify and track users without their consent. In this talk I will 
look at three properties of browser fingerprinting that make it both a risk to privacy, but also of 
use for security. These properties are Uniqueness, Stability and Consistency. Through our 
results from multiple empirical studies, we'll show how these influence the uses and risks of 
browser fingerprinting. In short, we show that fingerprints present a relatively high level of 
statistical uniqueness [Laperdrix 2016], and although a fingerprint is unstable, the changes still 
allow for tracking [Vastel 2018a, Tomer 2022]. We also show that recent defenses to 
fingerprinting are deficient and potentially counterproductive [Vastel 2018b].

I'll also take a look at some of the practical uses of browser fingerprinting, such as building or 
complementing lightweight security mechanisms, as well as it's use in bot detection to fight 
Web crawlers. I draw some perspectives for exploring browser fingerprinting for multi-factor 
authentication [Durey 2021]. I believe there is potential in automated testing to improve privacy 
to help developers defend against introducing "privacy bugs" [Vastel 2018c]. And of course, 
we know that fingerprint tracking does not happen in a bubble, it is complementary to other 
techniques. I therefore explore other tracking techniques, such as our preliminary results around 
IP addresses [Mishra 2020] and caches [Mishra 2021], fingerprinting filterlists in ad blockers, 
as well as our recent results on GPU fingerprinting [Tomer 2022].
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2022 Japanese –French Frontiers of Science 

Field:  
Mathematics/Informatics 

Session Topic: 
Numerical Identity 

Speaker: 
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Title: Predicting personal attributes from social data 

Social media allow us to express ourselves instantly and share it widely, thereby 
increasing our freedom of expression in global society. However, it may also cause potential 
problems for our personal data and privacy, such as pernicious targeting and 
computational propaganda, with the availability of social data and the advance of 
prediction technology.  

This study aims to investigate the extent to which personal attributes and values can be 
predicted from social media posts (tweets) using machine learning techniques. In 
particular, we estimate the baseline accuracy of using tweet texts to predict personal 
attributes from two kinds of users – celebrities and common users (linked with survey) – 
using standard machine learning methods, including Support Vector Machine (SVM)
and Deep Learning (Fig. 1). Given a bulk of tweets, five machine learning algorithms can 
show approximately 60~70% accuracy in the both types of users when inferring most of 12 
personal attributes (e.g., gender, occupation, stress sensitivity). It is shown that nouns 
convey more personal attribute information compared to other parts of speech such as 
verbs and adjectives. These results can provide actionable knowledge for improving 
prediction methods available for social sciences and marketing applications. These results 
also tell us what information should be avoided when posting on social media in order to 
prevent a bad use of prediction methods, which in turn provides insights into new 
technology for protecting privacy. 

References: 
[1]  K. Sasahara, You are what you eat: A social media study of food identity, Journal of 

Computational Social Science 2(2), pp.103-117, 2019 
[2]  T. Yo and K. Sasahara, Inference of Personal Attributes from Tweets Using Machine 

Learning, Proceedings of the 2017 IEEE Big Data, pp. 3086-3092, 2017 
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Glossary: 
- Targeting: an advertising mechanism, which enables segmentation of users, 

who meet a defined set of criteria, from the general audience. It helps increase 
the effectivity of the campaign. 

- Propaganda: information, ideas, or rumors deliberately spread widely to help 
or harm a person, group, movement, institution, nation, etc. 

- Support Vector Machine (SVM): a supervised learning model with associated 
learning algorithms that analyze data used for classification and regression 
analysis. 

- Deep Learning: a machine learning method for representation learning based 
on artificial neural networks with many layers. Learning can be supervised, 
semi-supervised, or unsupervised. 

Background Review Article: 
- M. Kosinski, D. Stillwell, and T. Graepel, Private traits and attributes are predictable 

from digital records of human behavior, Proceedings of the National Academy of 
Sciences 110(15), pp. 5802-5805, 2013 

Figure 1: Comparison of different algorithms in prediction accuracy for 12 personal attributes. 
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Title: How can extreme rainfall events help to bridging river sciences 
(hydrology, geomorphology, ecology) and social sciences to push their own 
frontiers? 

Extreme rainfalls and intense sediment erosion they trigger are among the most 
damaging natural disasters. They are regularly at the top of the news in the world 
and such hydrogeomorphic events will tend to intensify with global warming and 
the increase in population and infrastructure densification in some affected areas 
(Borga et al., 2014). If we refer to the last decade, Japan and France are not spared 
by these localised and sudden extreme events: violent typhoon episodes hit Japan 
in 2018 and in 2019 with Typhoon Hagibis; in France, the Mediterranean coast 
was particularly affected by flooding in 2010 in the Var, in 2015 and 2019 in the 
South-West regions.  

In headwater moutainous streams, these extrem hydromorphological events 
are named landslide, debris-flow, mudflow (Fig. 1A). They mainly depend on the 
rainfall intensities and their duration, the geological context, the antecedent soil 
moisture conditions, the land-use and human activities (eg. urbanisation, 
deforestation, mining). In downstream areas, heavy rainfalls trigger torrential or 
flash floods with overbank flows attributed to an excess of water, bank erosion 
and/or sediment deposits (Fig. 1B). Societies have historically experienced these 
events, trying to control or forecast them, but oftentimes living with them by 
accepting this risk. The vernacular names given to debris flows bear witness to 
this long human coexistence with this risk in steep mountainous regions: "Ja-nuke" 
(the royal snake run-off), "yama-tsunami" (mountain tsunami) and "yama-shio" 
(mountain tide) in Japan (Takahashi, 2009) or “serpent géant dévastateur” 
(devastating giant snake)" in the French Alps. 

While these events are often tragically experienced at the time they are 
occurring, at longer time-scale (over decades), they are also playing essential 
ecological and geomorphological functions and provide many services to human 
societies. For instance in Japan, these last years typhoons erode the soils 
contaminated by radiocaesium elements fallout after the Fukushima Daiichi 
nuclear power plant accident. These typhoons are thus participating to the 
decontamination of soils by exporting them to the ocean and could therefore be 
seen as an important physical process allowing a faster return of the inhabitants 
to their living areas (Chartin et al., 2017). So a management of these extrem events 
that would only takes into account the risks in the mountainous areas at short 
time scale and seeks to limit the risks of erosion on the slopes by cutting the 
sediment connectivity can, at longer time scale, be also very problematic in 
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downstream areas. In France, the implementation of erosion control works (check 
dams, or Sabo in Japan, reforestation) during the 19 century and sand mining 
during the 20 century have led to major changes of braided rivers in the Alps. This 
sediment deficit have triggered important river incisions during the second half of 
the 20 century. They have affected durably very rich ecosystems and have caused 
many bank erosion and destabilisation of expensive river infrastructures such as 
bridges, dikes or network infrastructures. 

These extreme precipitation events therefore raise very complex but major 
scientific and operational issues regarding the sustainability and resilience of 
societies living in a close relationships with torrents and rivers: How to manage on 
one hand, the risk in mountain areas during these extreme events and on the other 
hand, the long-term sediment cascade at river basin scale? At the crossroads of 
biophysical and social sciences, these processes must therefore be studied in their 
multidimensionality (hydrometeorology, geomorphology, geochemistry, 
geography, history, sociology and economics) and the solutions should be 
negotiated. 

This session aims to present several frontiers of sciences on extreme 
rainfalls studies. This introduction talk will address three issues illustrated by 
examples taken from the scientific literature: 1) the importance of field 
observations carried out at various spatio-temporal scales; 2) the development of 
models for risk prediction and the identification of long term hydrosedimentary 
trajectories; 3) the development of a research framework involving scientists, river 
managers, politics and citizens for an integrated management of extreme rainfall 
at the river basin scale. 

Figure 1: Damages by mudslide following heavy rains in Kure city, Hiroshima 
prefecture, southwestern Japan, Saturday, July 7, 2018 (Fig. A). (Koji 
Harada/Kyodo News via AP) / AP; Torrential flood in Marseille in Southern France, 
2 December 2003 (Fig. B). 

Borga et al., 2014. Hydrogeomorphic response to extreme rainfall in headwater 
systems: Flash floods and debris flows. Journal of Hydrology 518 (2014) 194–205 

Chartin et al., 2017. The impact of typhoons on sediment connectivity: lessons 
learnt from contaminated coastal catchments of the Fukushima Prefecture 
(Japan). Earth Surf. Process. Landforms 42, 306–317 

Takahashi T., 2009. A Review of Japanese Debris Flow Research, International 
Journal of Erosion Control Engineering, Vol. 2, No. 1, 2009 
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Laurie BOITHIAS, University of Toulouse 

Title: Flood events in the tropics: occurrence and impact on water quality and 
health in Northern Lao PDR 

Bacterial pathogens in surface waters threaten human health. Such pathogens can be of 
fecal origin, e.g. from cattle or from human feces where open defecation is practiced or 
where sanitation systems are lacking or deficient [1]. Hence, the health risk is especially 
high in developing countries. In this talk I will draw an overview of the current 
understanding of the bacterium Escherichia coli (E. coli) drivers of fate and transport in 
tropical areas such as Northern Lao PDR, where rainfall is concentrated during the 
monsoon period: 71 % of annual rain falls from June to October, with rainfall intensities 
up to 190 mm h-1 [2]. When rain falls on bare soils, soil crusting and soil erosion lead to 
the export of soil [3-4], with concentrations of suspended sediment up to 80 g L-1 [2]. E. 
coli is transported mostly attached to eroded soil particles [5], at a concentration up to 30 
000 cells per 100 mL in a ~1 km² mixed land-use catchment [6]. About 89 % of the in-
stream bacteria concentration is supplied by overland flow, while the overall contribution 
of overland flow to the stream flow is 41 % [6] (Fig. 1). E. coli decay rates range from 1.43 
to -0.14 day 1 depending on hydrological conditions, and deposition accounts for 92% of 
E. coli stock reduction, while solar radiation accounts for 2% [5]. On a ~10 000 km² spatial 
scale, contamination of surface water by E. coli in the Mekong itself and in its tributaries 
is ubiquitous across Lao PDR, the contamination increasing during the monsoon [7]. 
Future developments of spatially explicit models [8] will help to map the health risk of 
fecal pathogens [1] (Fig. 2). 

References: 
[1] Boithias, L., et al., 2016. PLoS Negl. Trop. Dis. doi.org/10.1371/journal.pntd.0005195
[2] Boithias, L., et al., 2021a. Hydrol. Process. doi.org/10.1002/hyp.14126
[3] Rochelle-Newall, E.J., et al., 2016. Sci. Rep. doi.org/10.1038/srep32974
[4] Ribolzi, O., et al., 2017. Sci. Rep. doi.org/10.1038/s41598-017-04385-2
[5] Nakhle, P., et al., 2021a. Water. doi.org/10.3390/w13152068
[6] Boithias, L., et al., 2021b. J. Hydrol. doi.org/10.1016/j.jhydrol.2020.125935
[7] Nakhle, P., et al., 2021b. Sci. Rep. doi.org/10.1038/s41598-021-82891-0
[8] Kim, M., et al., 2017. Water Res. doi.org/10.1016/j.watres.2017.04.038

Glossary: 
- Overland flow: surface runoff, i.e. flow of water over the surface of the ground 
before it reaches a watercourse. 
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- Deposition: settling of bacteria towards the river bottom sediment in a river or 
in any water body. 

Background Review Article: 
Rochelle-Newall, E., Nguyen, T.M.H., Le, T.P.Q., Sengtaheuanghoung, O., Ribolzi, O., 
2015. A short review of fecal indicator bacteria in tropical aquatic ecosystems: 
knowledge gaps and future directions. Front. Microbiol. 6, 308. 
doi.org/10.3389/fmicb.2015.00308

Fig. 1: Contributions (in %) of overland flow and of groundwater flow to stream flow and to 
E. coli number during flood events. Simulated and modelled E. coli number during flood 
events. Photo of overland flow in a corn plot. Flood events were sampled from 2011 to 2015 
at the outlet of the Houay Pano catchment, Northern Lao PDR. j.jhydrol.2020.125935

Fig. 2: Interactions between hydrological regime, human behavior, and diarrhea incidence in 
Northern Lao PDR, from to 2010 to 2012. journal.pntd.0005195
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YAMAZAKI Dai, The University of Tokyo 

Title: How can we precisely predict flood and its impact? 

Prediction and impact assessment of river flood caused by extreme rainfall is important 
for flood risk assessment and disaster prevention. However, numerical simulation of river 
flood is difficult especially for large river basins, given the water dynamics in rivers and 
floodplains is regulated by basin-wide water balance and local topography relief. While 
supercomputers can perform high-resolution large-domain simulations, its practical 
applicability is limited for operational flood forecast which requires rapid and stable 
computations. To overcome this, I have developed a new global river flood model, which 
appropriately approximates micro-scale topography and simulates macro-scale flooding in 
continental-scale rivers without significantly degrading the accuracy of detailed local-
scale flood models [1]. In addition, because a good numerical model solely cannot achieve 
precise flood simulations, I am recently focusing on the development of high-accuracy 
global topography maps by combining satellite big data and extensive numerical 
analysis[2,3]. These model-data integration efforts enabled efficient-and-accurate global-
scale flood simulation and its applications to flood forecast systems[4] and climate risk 
assessment[5]. Furthermore, the developed model and datasets are widely used as baseline 
tools in multiple science fields (e.g. biogeochemistry, climate projection, ecosystem and 
biodiversity) in addition to flood risk studies, suggesting the importance of researches on 
fundamental data and theory development. 

References: 
[1] Yamazaki et al. "A physically based description of floodplain inundation dynamics in 
a global river routing model." Water Resources Research 47.4 (2011). 
[2] Yamazaki et al. "A high-accuracy map of global terrain elevations." Geophysical 
Research Letters 44.11 (2017): 5844-5853. 
[3] Yamazaki  et al. "MERIT Hydro: a high-resolution global hydrography map based on 
latest topography dataset." Water Resources Research 55.6 (2019): 5053-5073. 
[4] Pappenberger et al. "Deriving global flood hazard maps of fluvial floods through a 
physical model cascade." Hydrology and Earth System Sciences 16.11 (2012): 4143-4156. 
[5] Hirabayashi et al. "Global flood risk under climate change." Nature Climate Change 
3.9 (2013): 816-821. 
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Glossary: 
-
-

Background Review Article: 
[1] Yamazaki, D., Watanabe, S. and Hirabayashi, Y. (2020). Global Flood Risk 
Modeling and Projections of Climate Change Impacts. In Global Flood Hazard 
(eds G.J.-P. Schumann, P.D. Bates, H. Apel and G.T. Aronica). 
doi:10.1002/9781119217886.ch11 
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Title: Photo-electrochemical energy conversion and electrochemical energy 
storage: bringing the two communities together sharing the same 
problematic “it’s a matter of interfaces” 

Materials science and electrochemistry is an old scientific wedding giving birth in the 
late 70’s to the conceptual design of reductive and oxidative rocking-chair electrodes 
included in lithium-ion batteries. Since then, new concepts for the energy storage have 
been developed taking advantage on the development of new materials and new tools for 
in situ / in operando characterization technique to monitor structural, electronic and 
stability of the materials upon the successive charge and discharge cycles. After few 
decades of research, this field is today very intense at all Technology Readiness Levels as 
it reveals of important sake for future generation to store safely renewable energies at low 
cost and with a high reliability. Ensuring the same level of mobility than today, however 
by using batteries rather than combustion engines is also an important stake to maintain 
our living comfort. The power we daily used is still mainly provided by combustion or 
nuclear fission of 235 Uranium. Making use of solar energy is a very old concept but until 
the cold war poorly efficient. Again, bringing the community of materials science with the 
community of electronics was very prolific with the discovery of the Si p-n junction. This 
concept has revolutionized the field and has come in several different materials family, 
from conventional inorganic materials to organics. A radically new vision in the 
Photovoltaics (PV) field came across from dye-sensitized solar cells in late 80’s. This is the 
only PV technology relying on electrochemical processes, physically decoupling the process 
of charge separation and their transport and based on nanomaterials. The knowledge 
acquired in this technology contributed significantly to the fast-raising technology of 
perovskite solar cells.  

Today batteries need electrons to be recharged. Photovoltaics are producing electrons, 
however without the function of storage. PV suffers from intermittency of its energy 
production at all-time scales from seconds to hours with very poor predictability on the 
energy production. At the frontier between the two is the hybridization of the two 
technologies to recharge batteries, to stabilize the energy delivery and offer energy at 
demand. However, can we go beyond hybridization and bring a new marriage between the 
community of batteries, materials science and photochemistry ? Are the problematics of 
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dye-sensitized solar cells and perovskites are same than for all electrochemical devices, ie. 
interface issues? First exploratory results and discussion about the interface problematics 
in photo-rechargeable electrodes and perovskite solar cells will be given. Prospective will 
be then given. 

In this session, it will be the occasion to share new innovative perspectives in the way 
light energy can be utilized for practical applications. Research at frontiers between 
disciplines prompt cross-fertilization of novel ideas. New innovation seeds on the design 
of radically new photo-active materials or on the exploration of new integration in displays 
will be introduced in this session. 
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Fluorescence is a highly sensitive spectroscopic technique, since we are able to detect 
the emission of a single molecule. Furthermore, fluorescence emission is in most cases 
highly sensitive to the environment (temperature, viscosity, presence of others 
molecules…) of the fluorophore. This renders the development of fluorescent sensors very 
appealing: in principle, various stimuli can be detected in a non-destructive and non-
invasive manner at a relatively low cost compared to other analytical techniques. This can 
be performed in solution, but to go towards practical applications it is highly desirable to 
design solid-state fluorescent materials responsive to a given physical or chemical stimuli. 
This requires a precise understanding of the photophysical behaviour of a condensed 
assembly of fluorescent molecules, which depends on the spatial arrangement of the 
molecules and on the nature of the interactions between two neighbouring fluorophores 
and as a consequence can be drastically different from the one of the fluorophore in diluted 
solution (figure 1). 

Figure 1: (A) Structure of the difluoro-boron diketonate complex DFB-H, (B) pictures of DFB-H
as synthesized powder (left) and ground powder (right) in a mortar and (C) corresponding 
normalized emission spectra in THF solution, in crystalline state and in ground or smeared state. 

We are particularly interested in the development of mechano-responsive fluorescent 
materials1, that is to say fluorescent materials that are sensitive to mechanical forces 
(compression, shear, etc.). In this presentation, we will outline the potential applications 
of such mechano-responsive fluorescent materials. We will present two families of 
mechano-responsive fluorescent compounds we have studied in our laboratory, 
respectively difluoroboron diketonate complexes2-4 (figure 1) and polydiacetylenes5

functionalized with tetrazine dyes (figure 2).6 We will detail their fluorescence response to 
mechanical stress, in one case a fluorescence colour change and in the other case an off to 
on switch, together with our progress towards the quantification of this response, 
especially at the nanoscale. 
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Figure 2: structure of a diacetylene functionalized with a tetrazine fluorophore (left); recovered 
fluorescence signal of a thin film of the corresponding polydiacetylene studied at the nanoscale 
using an AFM coupled to a fluorescence microscope as a function of the corresponding applied 
vertical force expressed in nN (right). Inset: Fluorescence recovery images of two independent sets 
of mechanically stimulated films, with forces ranging from 20 nN (left) to 160 nN (right). Figure 
adapted from ref 6. 

References: 
[1] see Y. Sagara, S. Yamane, M. Mitani, C. Weder and T. Kato, Adv. Mater., 2016, 28, 
1073-1095, doi 10.1002/adma.201502589 for a review on mechano-responsive luminescent 
materials 
[2] see G. Zhang, J. Lu, M. Sabat and C. L. Fraser, J. Am. Chem. Soc., 2010, 132, 2160-
2162, doi 10.1021/ja9097719 for the first example of mechano-responsive luminescence of 
a difluoroboron diketonate complex. 
[3] see L. Wilbraham, M. Louis, D. Alberga, A. Brosseau, R. Guillot, F. Ito, F. Labat, R. 
Metivier, C. Allain and I. Ciofini, Adv Mater, 2018, 30, e1800817 doi 
10.1002/adma.201800817for the rationalization of the mecho-responsive luminescence in 
this family of compounds 
[4] see M. Louis, R. Sethy, J. Kumar, S. Katao, R. Guillot, T. Nakashima, C. Allain, T. 
Kawai and R. Métivier, Chem. Sci., 2019, 10, 843-847, doi 10.1039/c8sc04026e for the 
combination of mechano-responsive luminescence with circularly polarized luminescence 
[5] see X. Qian and B. Städler, Chem. Mater., 2019, 31, 1196-1222, doi 
10.1021/acs.chemmater.8b05185 for a review on polydiacetylenes 
[6] see L. Polacchi, A. Brosseau, R. Metivier and C. Allain, Chem. Commun., 2019, 55, 
14566-14569, doi 10.1039/c9cc05797h  for our work on the quantification of the mechano-
responsive fluorescence of these compounds. 

Glossary: 
Fluorescence: emission of a photon from a molecule in a singlet electronically excited state 
upon absorption of light 
Fluorophore: fluorescent molecule 
Difluoroboron diketonate complex, polydiacetylene and tetrazine: three different type of 
fluorophores which structures are summarized below (R represents a generic chemical 
group). 
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Since the discovery of carbon nanotubes (Fig. 1) [1], fabrication of macroscopic materials 
with exceptional physical properties using them has attracted much attention for more 
than a quarter century. In particular, their ultrahigh theoretical ultimate tensile strength 
(> ~100 GPa) have inspired the realization of unprecedentedly strong structural materials 
such as a space elevator [2]. Optical responses [3] of semiconducting single-walled carbon 
nanotubes dominated by excitons have also attracted great interest because of their 
potential applications in near-infrared photonics and bio-imaging. I will report our recent 
findings on mechanical and thermal-optical properties of carbon nanotubes with defined 
chiral structures, and discuss how to make the best use of their intrinsic properties in 
future applications. First, the measurements of the ultimate tensile strengths of structure-
defined individual nanotubes will be discussed [4]. We found that the ultimate tensile 
strengths of the nanotubes depend on their chiral structures, which clearly highlights the 
target nanotube structures that should be synthesized when attempting to fabricate the 
strongest structural materials. Unconventional thermal radiation properties of carbon 
nanotubes [5] will also be discussed. Because of the strong Coulomb interaction in the 
quasi one-dimensional system, excitons in semiconducting 
carbon nanotubes are thermally stable even at temperatures 
over 1000 K. This unique property enables thermal 
generation of excitons in semiconducting SWNTs. As a 
consequence, thermal radiation spectra of semiconducting 
nanotubes show very narrow spectral bandwidth due to the 
exciton resonance even at 1000-2000 K [5]; this thermal-
optical property is quite promising for their macroscopic 
application in heat-to-light energy conversion devices 
necessary for efficient thermophotovoltaics. 

Fig. 1 Schematic of a single-
walled carbon nanotube 
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References: 
[1] S. Iijima, Nature 354, 56 (1991). 
[2] B. I. Yakobson, R. E. Smalley, Fullerene nanotubes: C 1,000,000 and beyond. 
Am. Sci. 85, 324–337 (1997). 
[3] Y. Miyauchi, J. Mater. Chem. C 1, 6499 (2013) and references therein. 
[4] A. Takakura, K. Beppu, T. Nishihara, A. Fukui, T. Kozeki, T. Namazu, Y. Miyauchi, 
and K. Itami, Nat. Commun., 10, 3040 (2019). 
[5] T. Nishihara, A. Takakura, Y. Miyauchi, and K. Itami, Nat. Commun. 9, 3144 (2018).  

Glossary: 
- ULTIMATE TENSILE STRENGTH: The maximum stress that a material can 
withstand before breaking. 

- EXCITON: A hydrogen-like quasiparticle (a concept of describing a complicated many 
body interacting system of real particles as if it is a system of non-interacting particles 
through a mathematical transformation) consisting of mutually bound electron and hole 
(positive charge emerging in the electronic excited state at a position where an electron 
originally fills in the ground state) via Coulomb interaction. 

-COULOMB INTERACTION: Electrostatic interactions between electric charges.
-ONE-DIMENSIONAL SYSTEM: A system having only one degree of freedom for the 
motion of particles. 

Background Review Article: 
Y. Miyauchi, J. Mater. Chem. C 1, 6499 (2013) [https://doi.org/10.1039/C3TC00947E]. 
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