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|: C \/: Fuel Cell Vehicle

Launching in the United States and Eu

rope in summer 2015 .
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High-pressure L=k

hydrogen tanks

Power control unit
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FC boost converter
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No champagne was consumed toasting the

a A Ndndideavoyage. Instead, we held a cup
under the rear of the car to collect water exiting
the fuel cell. Three who sipped that Kod&id
found no hint of chicory, sultry overtone, or oaky
aftertaste. Just flat, flavorless wateilas Mother
Nature intended.

Car and Driver (Aug 2015)
By DON SHERMAN
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Fukushima (Japan) Nuclear Power Plant Explosion 12 March 2011
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Fuel Cell

Eco-friendly
Sustainable
Green

H,+(1/2) Q=HO

~—

Chemical Energy == Electric Energy









Hy — 2HT + 2e~
Hy + 20H™ — 2H50 + 2e~

Oy +4H™" + 4e~ — 2H,0
Oz 4+ 2H20 4+ 4™ — 40H™

S/

1839: William Robert Grove

Christian Friedrich Schoenbein




First Fuel Cell
1839: William RoberGrove

(11 July 18117 1 August 1896)

Water

ox hy

ox by ox hy
S~
- v
Wi ANy 1
-4 H 3
I . - |
N o Tl ~
Bl M J =2 e —"

Sulfuric Acid Solution

18071 seroressesed
Humphry Davy demonstrates the
principle of what became fuel cells

Charles Langer and Ludwig Mond develop
Grove's invention and name the fuel cell

demonstrates a 5 kKW
alkakne fuel call

The oil crisis prompts the development of
alternative energy technologies induding PAFC.

Large stationary fuel celis are developed for
commercial and industnal locations.

2008 serereennas
Honda begins leasing
the FCX Clanty fuel cell
electric vehicle.

William Grove invents the ‘gas battery’,
the first fuel cell

General Electric invents
the proton exchange
membrane fuel cell.

Sa— L
NASA first uses fuel
cells in space missions.

Fuel cells bagin to be
sold commercially as
APU and for stationary
backup power.

Ry 2009
Residential fuel cell
micro-CHP units ﬁ
become commercially "t
available in Japan, \‘./ ‘“\;l
Also thousands of
portable fuel cell
battery chargers
are sokd.

http://www.fuelcelltoday.com/history
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Membrane electrode assembly

PEM

Anode catalyst Cathode catalyst

H, = 2H" + 2e~ 120, + 2e” + 2H* - H,O
— I —
Gas diffusion = I —
layers —T—T> o : |
— [ —
— I —
v-n/; = | l— v
H, flow / — | — 1 Air flow
— I —
. P 4 '
Bi-polar plate E —: :—y—ﬁ'\ Coolant flow

Nth unit cell

Figure 1 | Fuel-cell components. Unit cell cross-section of the Nth unit cell in
a fuel-cell stack, showing the components of an expanded MEA.

Mark K.Debe 7 JUNER2012| VOL 486 | NATURE | 42



Any idea?
Any gquestion?

Any doubt?
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CELLULAR RESPIRATION

Cellular respiration Is the enzymatic breakdown of
glucose (C,H,,0O,) in the presence of oxygen (O,) to
produce cellular energy 1 ATP

C.H,,0.+ 60, A 6CO, + 6H,0

http://lwww.biologycorner.com/APbiology/cellular/notes_cellular_respiration.html



&

Electrons carried
via NADH

GLYCOLYSIS

Glucose x Pyruvate | L

Cytoplasm

http://mww.biologycorner.com/APbiology/cellular/notes_cellular_respiration.html



1.GlycolysisL

a) 6 carbon glucose is split into two 3 carbon pyruvates

b) anaerobic - proceeds whether or not O, is present ; O, IS
not required

d) net yield of 2 ATP per glucose molecule

e) net yield of 2 NADH per glucose ---> sent to the ETC in
mitochondria

The pyruvic acid diffuses into the inner compartment of the
mitochondrion where a transition reaction occurs that
serves to prepare pyruvic acid for entry into the next stage
of respiration, this converts them an acetyl CoA which
enters the Kreb's cycle.

If oxygen is not present, pyruvate is converted to lactic acid
In the cytoplasm -- anaerobic respiration

http://www.biologycorner.com/APbiology/cellular/notes_cellular_respiration.h



2. Citric Acid or Krebs Cycle

a) occurs in the inner mitochondrial matrix

b) an aerobic process; will proceed only in the
presence of O2

c) net yield of 2 ATP per glucose molecule

d) net yield of 6 NADH and 2 FADH, (NAD+ is
reduced to NADH, FAD+ is reduced to FADH)

e) in this stage of cellular respiration, the oxidation of
glucose to CO, is completed.

http://www.biologycorner.com/APbiology/cellular/notes_cellular_respiration.h



3. Electron Transport System:

Intermembrane
Space

Inner
Membrane

Matrix

a) consists of a series of enzymes on the inner mitochondrial
membrane

b) electrons are released from NADH and from FADH, and as they
are passed along the series of enzymes, they give up energy which
IS used to fuel a process called chemiosmosis, which drives the
process of ATP synthesis using an enzyme called ATPase.

c) net yield of 32 ATP per glucose molecule

d) 6 H,O are formed when the electrons unite with O,* at the end of
electron transport chain.

* Note: This is the function of oxygen in living organisms!

http://www.biologycorner.com/APbiology/cellular/notes_cellular_respiration.h



Our energy is also produced as a series of oxidation reactions of food.

C.H,,0.+ 60, A 6CO, + 6H,0

Why not fuel cell from food, then?



PCCP

Fructose/dioxygen biofuel cell based on direct electron transfer-type
bioelectrocatalysist

Yuji Kamitaka,” Seiya Tsujimura,** Norihiko Setoyama,” Tsutomu Kajino” and
Kenji Kano™“

Received 4th December 2006, Accepted 10th January 2007
First published as an Advance Article on the web 6th February 2007
DOIL: 10.1039/b617650)

One-compartment biofuel cells without separators have been constructed, in which p-fructose
dehydrogenase (FDH) from Gluconobacter sp. and laccase from Trametes sp. (TsLAC) work as
catalysts of direct electron transfer (DET)-type bioelectrocatalysis in the two-electron oxidation of
p-fructose and four-electron reduction of dioxygen as fuels, respectively. FDH adsorbs strongly
and stably on Ketjen black (KB) particles that have been modified on carbon papers (CP) and
produces the catalytic current with the maximum density of about 4 mA cm™> without mediators
at pH 5. The catalytic wave of the p-fructose oxidation is controlled by the enzyme kinetics. The
location and the shape of the catalytic waves suggest strongly that the electron is directly
transferred to the KB particles from the heme ¢ site in FDH, of which the formal potential has
been determined to be 39 mV vs. Ag|AgCl|sat. KCI. Electrochemistry of three kinds of multi-
copper oxidases has also been investigated and TsLAC has been selected as the best one of the
DET-type bioelectrocatalyst for the four-electron reduction of dioxygen in view of the
thermodynamics and kinetics at pH 5. In the DET-type bioelectrocatalysis, the electron from
electrodes seems to be transferred to the type I copper site of multi-copper oxidases. TsSLAC
adsorbed on carbon aerogel (CG) particles with an average pore size of 22 nm, that have been
modified on CP electrodes, produces the catalytic reduction current of dioxygen with a density of
about 4 mA cm >, which is governed by the mass transfer of the dissolved dioxygen. The FDH-
adsorbed KB-modified CP electrodes and the TsLAC-adsorbed CG-modified CP electrodes have
been combined to construct one-compartment biofuel cells without separators. The open-circuit
voltage was 790 mV. The maximum current density of 2.8 mA cm™> and the maximum power
density of 850 pW cm ™2 have been achieved at 410 mV of the cell voltage under stirring.

Enzyme immobilized Current collector
electrodes (Ti mesh)

Fig. 1 A schematic illustration of one-compartment biofuel cell.
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Chemistry of Charged Entities (lons and other charged substaces)

Physical chemistry and chemical physics of interfaces

Frontispiece. A mosaic from Pompeii depicting the fight ¢ p
The electric ray is shown at the top of the mosaic
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S. J. Cragg, C. J. Hille, and S. A. Greeugfi®durosci20, 82098217 (2000).
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Figure 1. Basic characteristics of evoked release of striatal DA. A, Typical voltammograms obtained after a single pulse in marmoset putamen (Marmoset
Put) and guinea pig CPu ( gray lines) and in the presence of applied DA (1 uM, black line). Peak oxidation and reduction potentials for DA (approximately
+500 mV and — 180 mV, respectively, vs Ag/AgCl) are lndlcated by dashed lines. Calibration, 2 nA. B, Mean plots of [DA], versus time evoked by a single
pulse (arrow, 0.1 msec) in marmoset mid-putamen (®, n = 19) and guinea pig mid-CPu (A, n = 23). Peak [DA], is significantly greater in marmoset
putamen. C, Mean peak [DA], versus stimulation intensity (1) in marmoset putamen and guinea pig CPu. Release is voltage dependent in both species

(one-way ANOVAs, p < 0.001, hyperbolic curve fits R? > 0.97). [DA], is greatest in marmoset putamen at each voltage tested (4 < n < 23). **p < 0.01,
koo
‘p < 0.001.

10.76 mm B 9.5mm

400mm
DA 6rmm 30mm
800 VI/s.
Ag/AgCI
75mm 50mMm
0.1ms pulse 10 V

DA

osw[a_ ‘\
J\w.j\‘\J\\ %JXMA* S. JCragg C. JHille, and S. A. Greenfield,

J.Neurosci, 22, 57055712 (2002).
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Figure 5. Typical cyclic voltammograms obtained with a
glassy carbon electrode (7 mm?), scan rate 100 mVs™ in 0.1
e 2.0 -0 M Et4NBF/acetonitrile in the presence of the corresponding

Fotential (volts ve Fe/ret) quinone 1 mM: (a) pMeAPZm and (b) pMeAPZ. The cathodic
(I, II and I’;, II') and anodic (Is, II. and s, II’2) peaks are
indicated.
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Q. Xie, E. Pergzordero, and L. EchegoyanAm. Chem. Soit14, 39783980 (1992).

See also: L. Echegoyan and L. E. EcheghganChem. Re81, 593601 (1998). M. AguilarMartines, et.al.J. Org. Chemo6, 83498363 (2001).
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Oxomolybdenum(V)

Oxomolybdenum(V) with Phenoxide Ligands

X = OE1, OMe, Et, Me, H, F, C!, Br, |, CN

Figure 1. Structures of (Tp*)MoOCI(p-OCsH4X) and (Tp*)MoO(p-
OCsHX),.
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Fumarate reductaseé § 1, degi OmgDdRnESt ecg & b _ gWa

h 1. Cycle Cor ing AcMP11 to Native cytc Showing the Changes in the Redox Potential (AE™, White Column) and Its Enthalpic
(~AAHP'IF, Black Column) and Entropic (TAAS>/F, Gray Calumn) Components (see Table 3) Arising from Changes in Axial Ligation of
AcMP11 Corresponding to Those Occurring during the Folding Process of cytc, and from Protein Encapsulation of the His,Met-Ligated
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Figure 2. (Top) chrcscnln!ionf'“‘“‘ of fumarate reduct from S. frigi-
dimarina (Fecs),?! show ing the full structure and (at right) the redox active
groups. (Bottom) Repr ion®** of fi cta [
showing the full and (at right) the redox active groups.
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Figure 6. Cyclic voltammogram (raw data and smoothed baseline- -207

subtracted signal) of Fecs (mixed buffer, pH 7.0, 200 #g mL~! polymyxin,
10 °C, scan rate = 100 mV s~!, electrode area = 3 mm?).

L. J. C. Jeukenm A. K. Jones, S. K. Chapman, G. Cecchini, and

G. Battistuzzi, M. Borsari, J. A. Cowan, A. Ranieri, and M. Sola,
F. A. Armstrong]. Am. Chem. So&24, 57025713 (2002). J. Am. Chem. Sot24, 53155324 (2002)
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R. I. Masel Principles of Adsorption and Reaction on Solid Surfagékey (1996), Chap.2.



SAM

o

S. Chon, W. Paik?hys. Chem. Chem. Phy3,. 3405 (2001).
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UAA’ UBB UAB

Upar Ugg<< Upg G

Uaa~Ugs~Upng G

Una ; Ugs>>Upg ()



111 1

UAA’ UB UAB

Uaa Ups<< Ugg &= Phaseseparation

Una~Ugg~Upg é= Homogeneous mixing: ideal

Una ; Uge>>Upg ¢= Homogeneous mixing: neideal



H3 COOH

MUAUDT SAM STM

SAMs prepared from 0.5 mM MUA + 0.5 mM UDT EtOH

T. Kakiuchi, M. lida, N. Gon, D. Hobara, S. Imabayashi, and K. Nidngmuir, 17, 1599 (2001).



Scanning Tunneling Microscope, STM

j

Impenetrable

barrier

Tunnel

‘effect

"":b

Fr omR.

) %f,
_/"::_Lt y

Wi e sSeannihg Prape Microscofdy and Spectrosgopy ( 1 9 ¢



G. Binnigand H. Rohrer
1986 The Nobel Prizan Physics

http://mww.swissworld.org/jpn/swissworld.html?siteSect=403&sid=5112531&rubricld=12030



CONSTANT HEIGHT MODE

X CONSTANT CURRENT MODE
Y
J z SCAN ScaN
UZ =TI deq
© O
S \
Ur |y g TN TN LT —_—_,——tl e e ——
Feedback g . -4
Loop T o
Sy 2
7]
) eletete e erere
/ Az /\I

-4
<
[®)
7))
w
=z
O X X

FromR. Wi e sSeannihg Prape Migroscogy and Spectrosgopy ( 1 9 ¢



fOOH

H3

(b)

SAM STM

STM images of MPADT binary
SAMs

HDT: hexadecanethiol
MPA: mercaptopropionic acid
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T. Kakiuchi, M. lida, N. Gon, D. Hobara, S. Imabayashi, and K. Niki, W. Knoll, Langmuir 13, 45024504 (1997).

Langmuir17, 15991603 (2001).

D. Hobara, M. Ota, S.Imabayashi, K.,
and T. Kakiuchi. Electroanal. Chem
444, 113119 (1998).



E /mV vs, Ag/AgCl

\ MPOH

Phase-separated SAMs of MPOH and TDT

Selective removal of
MPOH domains

Phase-separated SAMSs of DTSP and TDT



Immobilization of enzyme in a specific domain

N MPOH HRPHorseradish peroxidase

Phase-separated SAMs of MPOH and TDT

Selective removal of mw=§ — h?
MPOH domains \

/-

1 Refill the space with DTSP

HRP Mediator
H20 (0x) (Red)
o
Electrode
HRP Mediator
Phase-separated SAMSs of DTSP and TDT Hz02 (Red) (Ox)
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gluconolactone GOD Oz
(Red)
D-glucose GSD H.0O, HEF Mediator
(Ox) (Red) (Ox)
HREP Medlator
Hz0 (Ox) (Red)

Bioelectrocatalysis in HRP-GOD coupled systems.



Mixing of phase-separated SAMs by the two-dimensional surfactant

Surfactant Facially amphiphilic molecule
Hydrophilic head Hydrophilic face
™~ @A < Hydrophobic face

Hydrophobic tail

Hydrophobic thiol Hydrophilic thiol

/ /

Phase-separated binary SAM

Wl
V=7

Two-dimensional surfactant

Homogeneously-mixed SAM



NH

A derivative of cholic acid

N-(2-mercaptoethyl)cholamide (MEC)

Hydrophilic face Hydrophobic face

Optimized structure of MEC by the semiempirical PM3 method.



Binary SAM of a)
MPOH and TDT
2 pA

-1z -1.0 -08 -0.6 -04 -0.2
E/V vs. Ag/AgCl

g 1.0F
= 08F
= chvf\fkq/\J\N/\fJLv\J
+ MEC 5 04l
L 02K 1 1 | 1
Ternary SAM of T 0 50 100 150 200
MPOH, TDT, and MEC Distance / nm
MEC 1.2%
b)
MEC 2.4% ﬁ/{/
2 05F
F 04
MEC 3.6% = 0.3
b 0.2
2 pA o 0.1k 1 | 1 1
I " T 0 50 100 150 200
Distance / nm

L N N 0 — 250 nm
12 -1.0 08 -06 -04 -0.2
. E/V vs. Ag/AgCl STM images of a) a binary SAM of MPOH and TDT, b) a ternary SAM of MPOH,
Cyclic voltammograms for the reductive desorp TDT, MEC formed from the solution which contains 3.6% of MEC. STM: E=-100
of the ternary SAMs. mV, Fpias=250 mV, Setpoint=150 pA, taken in a 0.1 M NaClO,4 aqueous solution.
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Fig. 2. Gravimetric power and energy densities for different rechargeable batteries. Most of these
systems are currently being investigated for grid storage applications.

B. Dunn, H. Kamath;NL. TarasconScience334, 928935 (2011)
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