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Revisiting the concept of ion adsorption at porous carbon
2830 surface; application to supercapacitor electrodes

(Université Paul Sabatier de Toulouse III, Laboratoire CIRIMAT)
Patrice Simon

In the past decade, lot of attention has been put on electrochemical double layer
capacitors (EDLCs), also known as supercapacitors, for high power delivery or energy
harvesting applications. The charge storage mechanism in supercapacitor electrodes relies on
electrostatic attraction between the electrolyte ions and the charges at the electrode surface,
leading to a charge separation at the electrolyte/electrode interface.

During this presentation, we will show how the careful design of nanostructured carbons
can help in preparing high energy density carbons for supercapacitor applications. The
combination of several techniques like in-situ NMR spectroscopy, Electrochemical Quartz
Crystal Microbalance (EQCM), X-Ray scattering and modelling has then been used to study
the ion confinement effect in carbon nanopores. We evidenced, among others, a specific ion
organization in nanopores, which leads to the formation of co-ion pairs thanks to the creation
of image charges onto the carbon surface that leads to an important increase in the charge
storage capacity of the materials.

This set of results helped in developing our basic understanding of the
1ons/carbon interactions in confined pores. From a practical point of view, they offer
new opportunities for designing materials for optimized porous structure and pore
size to prepare the next generation of high energy density supercapacitors and
micro-supercapacitors.
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Effects of Nanoscale Chemical Patterns on Hydrophobic
2 S 3 5 Interactions

N.L. ABBOTT (University of Wisconsin-Madison)

The structuring of water near non-polar molecular fragments or surfaces mediates cohesive
interactions (so-called hydrophobic interactions) that underlie a broad range of biophysical,
colloidal and materials-related phenomena. Substantial progress has been made during the
past decade towards understanding hydrophobic interactions in simple model systems, but in
most biological and technological contexts, non-polar domains are found in close proximity to
polar and charged functional groups. We are using conformationally-stable f-amino acid
oligomers, and single-molecule force measurements to elucidate hydrophobic interactions

encoded by specific chemical nanopatterns (Fig. 1).

These measurements reveal, for example, that ions

A
immobilized adjacent to non-polar domains can -
substantially increase or decrease the strength of HSAJ{N#ON#OE\/@,
hydrophobic adhesion, with the effect strongly H H H 3
dependent on the specific ion type. This B e —
understanding is providing a fresh starting point for fgf 5 gf 5 éffé
designing adhesion, molecular recognition and self- R .\ SR TR

S

10mM Aqueous
4 riethanolamine

assembly in aqueous environments in a broad range

of contexts.

1. Wang, C., Ma, C. D., Yeon, H., Gellman, S.,
Abbott, N.L., “Nonadditive Interactions Mediated
by Water at Chemically Heterogeneous Surfaces:
Nonionic  Polar Groups and Hydrophobic
Interactions”, Journal of the American Chemical
Society, 139 (51), 18536, 2017

2. Ma, C. D., Acevedo-Vélez, C., Wang, C.,
Gellman, S. H., Abbott, N. L., “Interaction of the
Hydrophobic Tip of an Atomic Force Microscope Fig.1. A) Molecular structure of a
with Oligopeptides Immobilized using Short and  conformationally-stable  oligomer
Long Tethers”, Langmuir, 32(12), 2985, 2016. formed from S-amino acid residues.
3. Ma, C.D.; Wang, C.; Acevedo-Vélez, C.; B) Experimental approach used to
Gellman, S.H.; Abbott, N.L., “Modulation of quantify hydrophobic adhesion
Hydrophobic Interactions by Proximally ~mediated by the non-polar residues
Immobilized Tons”, Nature, 517(7534), 347-443, of the oligopeptide in A.

2015.
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1. IXUWIT TR, Kk & 22 AR B IR C e AL Ml B SRL - 23 AR Al S
NDHZERHLNT /2> TETz, Bl OMBEBMIEIMNIAL T R 7L (MV) EFFTR
DS RL -2 SIS M D MV DR ES 20~500 nm THY, £ (DNA, RNA) °Z 737
B, BRIDICHIE S 7 TNl %G/ T HILNbRk A R E OREARE L THEEL T IR
B LR TETWB[L].

2. MEOMVEEMEEL MV 24k ZHET MV OFRUTL, 77 2RMEMEIZBW X, Ml
BETHLHRT TRV @ EMRSMEDOIAE N EN S LT, MlIMER RN ZE LR, £2
D MV ISMEA T2 IO TS LD EB 2 BTz, LnL, MV ORFZEDRE A7
Y, MV (2 DNA, RNA 728 OAIIBN AR 7038 DT ERHGINNTRY | ZAUITNETOIME
IZEDHEFIZED MV FERCTIERLAR DX, 22T, Fx 1L MV BIEELSVAIE TR 2 8 15
BB LD TA T RN ARA—T U T TN LT 2 A, SO O — 5o fll fa 23k 2L C Gt i
BB, HHENTZIEW NS AT DI EICE-T MV BER SIS E(explosive cell lysis)z D
PNTUTZ[2]. F72,7 T L O R BRI LT SRR MM R O JO 1TSS, M35t
DAL O II R T F F, MREO —F A ALY MV 3B H 4Ty 7z (bubbling cell
death). 512, ZIAFEABRNES T 7 4 THIIIBEIZ 222000, ML HS L MV 23
ST WAERFISBLES ST, 7T LM Cl, MR RER I - 7o ML 23 9% (explosive
cell lysis)Z&T, MV 23HBRDDIZKIL, 77 LG VEME TIEMIgEEDE 28, MaBED —ERIC
DIHIRIZEE, LD RIS YR EDINTHISAEA L MV RS D2 LD BN
-7=(bubbling cell death) [2]. ZDXH72FRIEMEIZLYD, MV IZ DNA, RNA 728 D7 ERN Gy
FREENDZENHILNT T

[1] Toyofuku, M., et al. (2015) Adv. Colloid Interface Sci. 226, 65-77.

[2] Toyofuku M., Nomura N., Eberl, L. (2018) Nature Reviews Microbiology (in press)

The various types of bacterial membrane vesicles
Nobuhiko Nomura (University of Tsukuba, JST ERATO NOMURA Microbial Community Control
Project, nomura.nobuhiko.ge@u.tsukuba.ac.jp)

Biofilms are constructed by bacterial cells and matrix including, EPS, proteins, DNA, and membrane
vesicles (MV). MVs include DNA, RNA, proteins, and bacterial signals, indicating that MVs are like
communication balls in biofilms[1]. “How are MVs produced?” Recently, we reported that the Holin
endolysin (HL) system is a universal mechanism for MV induction among bacteria. Interestingly the
expression pattern of the HL system is heterogenous. As the HL (induced cell lysis) is genetically

programmed, we consider that this is a bacterial programmed cell death[2].
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2846 When droplets of colloidal solutions dry on a substrate

MASAO DOI (Beihang University, Beijing China)

When a droplet of polymer solution or colloidal suspension dries on a substrate,
many things happen[1,2]. As the solvent evaporates, contact line of the droplets start
to recede, and leave non-volatile components in the solution, creating various
deposition patterns on the substrate. This structural formation process is important in
various applications of soft matter, printing, coating and micro-patterning. The problem,
however, is complicated since it involves various physical processes taking place on
the substrate, capillary induced flow, diffusion and convection of solutes, stick-slip
motion of the contact line solvent evaporation in gel-like materials etc. Here | will
discuss some features of this problem, focusing on the droplet motion and the
deposition pattern left on the substrate[3-6].

REFERENCES
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2. Structure formation in soft matter solutions induced by solvent evaporation, Jiajia Zhou
Xingkun Man, Ying Jiang and Masao Doi, Advanced Materials, DOI: 10.1002/adma.
1703769 (2017)

3. Ring to Mountain Transition in Deposition Pattern of Drying Droplets, Xingkun Man and
Masao Doi, Phys. Rev. Lett. 116, 066101 (2016)

4. Multi-Ring Deposition Pattern of Drying Droplets Mengmeng Wu,Xingkun Man,and
Masao Doi, Langmuir, under review

5. Vapour-Induced Motion of Liquid Droplets on an Inert Substrate  Xingkun Man, and
Masao Doi Phys. Rev. Lett., 119, 044502 1-5 (2017)

6. Cross-interaction drives stratification in drying film of binary colloidal mixtures, Jiajia
Zhou, Ying Jiang,and Masao Doi, Phys. Rev. Lett. 118, 108002 (2017)
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