Methane activation:
Inspiration from Nature

Professor Vy Dong
University of California at Irvine

ARPA-E ELECTROCHEMICAL APPROACHES TO
MODULAR POWER GENERATION WORKSHOP
June 6-7, 2013
Crowne Plaza Avenue Hotel
160 E. Huron St.

Chicago, IL

Cil |)t.i

CHANGING WHAT IL|:

S __:____/ \ﬂ“_\*




a grand challenge for catalysis
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How can we achieve the selective partial oxidation of methane?



thermodynamics of the steam-methane
reforming process

Hydrogen formation via methane reforming is highly endothermic
CH,+H,0 ==—= CO+3H, AH=+206 kJ/mol
CHy+2H,0 === CO,+4H, AH =+165 kJ/mol
H, formation via water-gas shift is slightly exothermic

CO+H,0 =—= CO,+H, AH=-41kJ/mol

at intermediate temperature: coking challenge with Nickel



many homogenous catalysts can
activate C-H bonds
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Pioneering studies by Bergman, Bercaw, Graham, Jones, Crabtree, Periana, and more
Recent studies by Hartwig, Smith, Mindiola, Goldberg, Sanford, White, Yu, and more



reforming with molecular oxygen

CH4 + 02 DS C02 + 2 H2 AH = -319 kJ/mol

2CH4+02 - 2CO+4H2 AH = - 71 kdJ/mol

Oxygen renders process highly exothermic

Could the right system result in partial oxidation?



methane to methanesulfonic acid

Periana and coworkers, Accounts of Chemical Research, 2012

)
N_=N. t"..ﬂl
NZNT
C-H Bond
HEII 2 H,50,
CHaOH
2e” L ™ +
— oy
H.O )
Donate e” with Lumo : CHaX M.N. ”,Cl .
Nucleophiles Hﬁ;[”,plwx ){._R ~ECHy
Remove e with Reductive L‘“‘Q—’” H\‘\:
Electrophiles Functionalization X =-50,0H \‘\\
+ T b 24
w |
NN, o |
I “-.. Dashed lines are krown @ L fplll\ |2 X
Hﬁ N"r CH3 reactions that would be Hf’::' ‘N [CHy
Air reguired for .'.:-';i:;r-'-:c:.' TR |
chl}nE‘TﬂtiDﬂ . I =01 o VErsion o |
. 112 Oy S0y + o meathane and Qs 1o C-H
(1) activate catalyst + 2HX 2H0 ) methanol Activation
AN
= 3H,S0, A s ] £ g
(2) protect product Qxldation ) ™ 4
NN NN, 7
I Pt X | &l P 2X
, o [l A
.II-'-'-
H

highly acidic medium essential, but not yet practical




lessons from methanotrophs
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bacteria that can metabolize methane methane monooxygenase (MMO)

Can we design a catalytic system inspired by MMO?



Ideas for selective methane activation

Design of novel catalysts, oxidants, systems needed



why not IT fuel cells?

fuel cell coupled to an internal combustion engine

By Phillip Jessop

renewable sources of hydrogen or other fuels in the future
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By Jean-Michelle Saveant
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