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1 9/26 ab-initio

2 10/3 ab-initio

3 10/10 ab-initio

4 10/17 ab-initio

5 10/24

6 10/31

7 11/7

8 11/14

11/21
( )

9 11/28

10 12/5

11 12/9

12 12/12

13 12/19

14 1/9

15 1/16 -
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http://www.caranddriver.com/toyota/mirai



No champagne was consumed toasting the 
aƛǊŀƛΩǎmaiden voyage. Instead, we held a cup 
under the rear of the car to collect water exiting 
the fuel cell. Three who sipped that Kool-Aid 
found no hint of chicory, sultry overtone, or oaky 
aftertaste. Just flat, flavorless water, as Mother 
Nature intended.

http://www.caranddriver.com/toyota/mirai

Car and Driver (Aug 2015)

By DON SHERMAN 

http://www.caranddriver.com/search/all/author/DON+SHERMAN


http://toyota.jp/mirai/



H2 +(1/2) O2 = H2O

Knallgas





Zr + 2H2O Ÿ ZrO2 + 2H2(ŷ)

H2 +(1/2) O2 = H2O
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Fuel Cell

H2 +(1/2) O2 = H2O

Eco-friendly

Sustainable

Green

Chemical Energy          Electric Energy
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1839: William Robert Grove

Christian Friedrich Schoenbein

ϴ



First Fuel Cell
1839: William Robert Grove 

(11 July 1811 ï1 August 1896)

http://www.fuelcelltoday.com/history
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Any idea?

Any question?

Any doubt?





Cellular respiration is the enzymatic breakdown of 

glucose (C6H12O6) in the presence of oxygen (O2) to 

produce cellular energy ïATP

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

CELLULAR RESPIRATION

C6H12O6 + 6O2Ą 6CO2 + 6H2O + 36ATP



http://www.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 O2 is present ; O2 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.html



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 FADH2 (NAD+ is 

reduced to NADH, FAD+ is reduced to FADH)

e) in this stage of cellular respiration, the oxidation of 

glucose to CO2 is completed. 

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



3. Electron Transport System:

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

membrane

b) electrons are released from NADH and from FADH2 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 H2O are formed when the electrons unite with O2* 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.html



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

C6H12O6 + 6O2Ą 6CO2 + 6H2O + 36ATP

Why not fuel cell from food, then?
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Luigi Galvani : 1727-1789 Alessandro  Volta : 1745 - 1827

1794: 
1800: Cu Zn 
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Chemistry of Charged Entities (Ions and other charged substaces)

Physical chemistry and chemical physics of interfaces

Ubiquity and Generality

Ȗǒȑ ǋ

ǫ



F  = -q1q2 / (4per2) 



Electrochemistry in Context
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S. J. Cragg, C. J. Hille, and S. A. Greenfield, J. Neurosci.,20, 8209-8217 (2000).
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M. Aguilar-Martines, et.al., J. Org. Chem., 66, 8349-8363 (2001).



Thermus thermophilusǵ RieskeȭɧȷȽɶ

[2Fe - 2S] ǵ Ϸ ̬

Y. Zu, J. A. Fee, J. Hirst, J. Am. Chem. Soc., 123, 9906-9907 (2001).

Oxomolybdenum(V) 

J. N. Graff, et al.,  Inorg. Chem., 41, 2642-2647 (2002).
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Fumarate reductase ɹ ǵ ἧ̟



Alkanethiol ⁫
Ɇɱɋɩ ⱨ STM) ϑ

a) hexanethiol, b) undecanethiol

Au + HS-R = Au-S-R + H+ + e-



(SAM) 

( ) A3033 R³

Thiol

solution

Au

Simple!



R. I. Masel, Principles of Adsorption and Reaction on Solid Surfaces, Wiley (1996), Chap.2.



Ҧ

S. Chon, W. Paik, Phys. Chem. Chem. Phys., 3, 3405 (2001).

SAM



UAA,  UBB,  UAB

UAA,  UBB<<  UAB

UAA ~ UBB~ UAB

UAA ,, UBB>> UAB



Phase-separation

UAA,  UBB,  UAB

UAA,  UBB<<  UAB

UAA ~ UBB~ UAB Homogeneous mixing:  ideal

UAA ,, UBB>> UAB Homogeneous mixing: non-ideal



MUA-UDT SAM STM

SAMs prepared from 0.5 mM MUA + 0.5 mM UDT EtOH

T. Kakiuchi, M. Iida, N. Gon, D. Hobara, S. Imabayashi, and K. Niki, Langmuir, 17, 1599 (2001).



Scanning Tunneling Microscope, STM

FromR. Wiesendanger,  ñScanning Probe Microscopy and Spectroscopy,ò (1994).



G. Binnigand H. Rohrer  
1986 The Nobel Prizein Physics

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



FromR. Wiesendanger,  ñScanning Probe Microscopy and Spectroscopy,ò (1994).



STM images of MPA-HDT binary
SAMs

UAA,  UBB<<  UAB

D. Hobara, M. Ohta, S. Imabayashi, K. Niki, and 

T. Kakiuchi, J. Electroanal. Chem., 444, 113 (1998).

SAM STM

HDT: hexadecanethiol
MPA: mercaptopropionic acid



SAM

Au-S-R + e- = Au + R-S-

T. Kakiuchi, M. Iida,  N. Gon, D. Hobara, S. Imabayashi, and K. Niki,
Langmuir, 17, 1599-1603 (2001).

D. Hobara, M. Ota, S.Imabayashi, K., 
and T. Kakiuchi, J. Electroanal. Chem., 
444, 113-119 (1998).

S. Imabayashi, D. Hobara, T. Kakiuchi, and
W. Knoll,  Langmuir, 13, 4502-4504 (1997).



Selective removal of 
MPOH domains



Selective removal of 
MPOH domains

Refill the space with DTSP 

Immobilization of enzyme in a specific domain

HRPHorseradish peroxidase







A derivative of cholic acid 
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