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based system [0004] Sources for hydrogen storage and
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to nore hydrogen Tuel based systeirs,
generatlctmmuesrby s of bydrogky ad 4 fuet. oA hmjerogheﬁxculpamdtdcynomy is
partlcular y attrac 1|vg and Hesuals)le due to the promise of a plentiful and environmentally
clean energy source.. Fuel cell technology, for example, continues to advance and offers the
potential to convert hydrogen and oxygen (e.g., air) to energy, such as electricity, in an
efficient manner, emitting only water. Changing to a more hydrogen fuel based system,
however, requires a transition from the worldwide petrechemical production and delivery

infrastructure and a conversion to a hydrogen fuel based system.

[0004]  Sources for hydrogen storage and production are continuously being discovered
and technologies advanced, an& the cost of producing hydrogen fuel is continuously |
.declining. Effective utilization of these technologieal advances and a transition to more
hydrogen fuel based systems, however, is severely limited by the currently aveilable sources -
of hydrogen storage and production. Current technologies are significantly lacking, for
example, with regard to efficient and practical means for storage and delivery of hydrogen to

locations where hydrogen consumption is desired.



of hydrogen storage and production. Current
technol ogies are significantly |acking, for exanple,
woiods/osesgard to efficient and practical nmeans POT/US2004/039644

storage and delivery of hydrogen to | ocations where
hydrogen consunption is desired.[0005] Currently
avai | abl e nethods of storing and delivering hydrogen
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T : = > :

(0005] - cE P HEN: BB PEUSHAE and Bty HydiOgere Rl Rifede, for

_example,@ofmprassedlnnivogens iqhefied hiydrgger, phyisical nciadrydride ptoragas i | y -

T SENTAT T ITRGR TREE I RNCE T N
are pﬁm%%#pﬁ%ﬁéﬁ@g?ﬁef‘%ﬁué K58 il iRstefoe 8350y SméthBds needed to

, . C resse é i ed hyd’rogen, whi ch can Pose a severe
compresgthp hydiogen, ras stellvas dnlkyosi heanydanksregeitaddo stose theng

copres 3 TS P 5 M85 T s o

board a thé¥ing 0éhMe bf butBfdbilé. CHYdritiest@ragdigréinRinge butcduerent ietheds
esti.mat.ed, for_ exanple, that .a small netal ride

are extremehit expeiesivehadofantgolhsawy for arectica) ugsen-heard akedicly o is

. j .- 230 . rdj i iV, .
estimatedf o gl o A Bl AR08 Yont bt Holfing 1i3s BHE HaEbe
hydroget %@ QOQB@gfmd riﬁdﬁﬁﬁﬁ_ n:glty; hsmintgithmngYnlmg o2 @0itérs Iton@ UhBxgallons

.oor poynds ing thjs. e rogen rage
of gasolinpppuldeguire a ?&P@QMWSEM‘P%@%RE%P H ?‘f‘@ 2P

' Qi ticAl! for &k k hutdROBi1¢ Bpjslichtions
making @ﬁg’%@gﬁg 0 to %gel—ly ?%ggn ‘I(E)cr:on%mrrlf/l:ép%r [ 1glyht _ ‘o}r ot
(see, for Bxample, Boss¢lnaB] April 2003umeperss| §The Fature eSthg lydregendisenomy:

. %ﬁﬁ? e i'nexpensive, but efficient and |ightweight,
Bright o 'aﬁ ctical for use on-board hydrogen powered

vehicl es, have not yet been discovered. Thus, a need
[0006] ©UrFbfurabdly, Gevtessndmethddsthatse imaxptrisiiel bet effitientrmid

efficient storage of hHydrogen, which are useful for,-
lightweight, andapaticnl o Scon-beast Ipdpash Po¥eredsligles, bags et Yohbem

T o hy j ' t dhdFeffici
aiscoverpy ERer KAERERSP G0 Bbficee T NBIR oy Mifefficint storage
of hydropé, whicinare isefill for on-desnandbydrogen produdtionfousngsgysgeneration on-
useful for chemcally storing hydrogen and can be
board hﬂqgepﬁgﬂq@rve%uci ng hydrogen, upon demand, in
quanti'ties sufficient for use in generating energy.
The current invention further




descri bes regeneration of the spent conpound to a
hydrogen-rich formthat is suitable for hydrogen
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to the described nethods. [0008] Thus, the present
invention relates to a nethod of generating energy
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[0009] The present 1nvcnt10n further relates to methods of storing and producing
hydrogen for use in generating énergy. In one embodiment, the method of storing and
producing hydrogen is performed by reacting a liquid compound capable of producing
hydrogen and having a formula R,-XH, with a metal substrate to produce hydrogen gas and -
R;-X bound to the metal substrate and utilizing the hydrogen gas. “The group R; includes, fof
example, a moiety selected from an alkyl, heteroalkyl, alkenyl, substituted alkenyl, alkynyl,
aryl, heteroaryl, alkoxy, cycloalkyl, heterocyclic, alkylaryl, arylalkyl, arylalkenyl,
arylalkynyl, arylene, oxyaryléne gfoup, and combinations thereof.- Furthermore, X can



conmpound to produce hydrogen can include, for exanple,
gold, silver, platinum copper, and nercury, as well
wea00s53d33 treated to renove a surface oxi de ceamiusS04/039644
Met al substrates can include pure netal substrates as
wel |l m xtures of netals, such as netal alloys”
Col Il ecting the hydrogen gas can include, for exanple,
consuni ng the hydrogen gas in a device such as a
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current.nydr.ogen produci.ng conpound from the spent conpound
are useful in the nethods of the invention, including,

.. for, exanple, reacti t he spent ¢ ] ' rfgen
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dimeric compound). Thus, in one embodiment, the method of storing and producing

hydrogen further includes reacting the spent compound with hydrogen to produce a
compound having a formula R;-XH, thereby regenerating the spent compound to a form
suitable for hydrogen pfoduction (e.g., regenerating, from the spent compound, a compound
capable of producing hydro gen). Various methods of regenerating hydrogen producing
compound from the spent compound are useful in the methods of the invention, including,
for example, reacting the spent compound with hydrogen via the process of catalytic
hydrogenation. The steps of producing hydrogen for generating energy and the step of
regenerating the spent compdﬁnd can occur at the same location or locations of close
proximity. Alternatively, the hydrogen production step and the spent compound regeneration
step can occur at different locations. For example, the hydrogen production step can occur in

or on-board an automobile, whereas the spent compound regeneration step can occur off-



regenerating the spent conpound can occur at the sane
| ocation or |ocations of close proximty.
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spent conpound regeneration step can occur at
di fferent |ocations. For exanple, the hydrogen
production step can occur in or on-board an
aut onobi | e, whereas the spent conpound regeneration
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substrates |syigable for the methods of the mvention mclude for example, gold; silver,
platinum, copper, and mercury, as well as metals treated to remove a surface oxide coating
and can include, for example, pure metal substrates as well mixtures of metals, such as metal.

_ alloys.

[0013] The liciuid compound capable of producing hydrogen according to the methods of
the inveﬁtion is suitable for re-use, in that spent compound is capable of being regenerated to
a form suitable for hydrogen preduction. As such, the current methods further include
reacting the spent compound with hydrogen to produce a compound having a formula R-

XH, thereby regenerating, from the spent compound, the compound capeble of p;'odﬁcing



pl ati num copper, arid nercury, as well as netals
treated to renove a surface oxide coating and can
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m xtures of nmetals, such as netal alloys. [0013] The
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—according to the nmethods of the invention is suitable
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met.al .subst ted
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can inclyfle, for examnlé. dglimprc rooxPEIdpBIGRAS A comPeyRd having a formula R-X-
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capable of producing hydrogen and having a formula R; XH and a metal substrate adapted
to react with the liqﬁid compound to produce hydrogen gas and a spent cofnpound. A spent
compound can include, for'example, a compound having a formula R,-XH, wherein R; is
dehydrogenated relative to Ry; R3=X, wherein R; is dehydrogenated relative to Ry; ora
combination thereof. Each of Ry, R, and Rs includes a moiety independently selectéd from
the group of an alkyl, heteroalkyl, alkenyl, substituted alkenyl, alkynyl, aryl, heteroaryl,
alkoxy, cycloalkyl, heterocyclic, alkylaryl, arylalkyl, arylalkenyl, arylalkynyl, arylene,
oxyarylene group, and combinations thereof. Furthermore, and X is selected from the group

consisting of sulfur, oxygen, seienium, and hydrogen.



for generating energy includes a storage reservoir
adapted to contain a liquid conpound capabl e of
wonrodssssg hydrogen and having a formul aR - XH, pamasa004/039644
nmetal substrate adapted to react with the liquid
conmpound to produce hydrogen gas and a spent conpound.
A spent conpound can include, for exanple, a conpound
having a formula R2- XH, wherein is dehydrogenat ed
relative to wherein is dehydrogenated relative to or a
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vice of the invention include, for exanple,

gold, silver, platinum copper, mercury, and netals :
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- gas to generate energy. Utilizing the hydrogen gas to:

10015) *h8p perserianv Ghion Aeier PG l9oRO B APARG TGO B rogt
prqducigg Ccﬁmlf%ﬁiﬁd) 867 £YPRUBRAE "SI RAEthBA iéldes Bldeivifia spent
compound from a device for producing hydrogen for generating energy, and reacting the
spent compound with hydrogen to produée a compound having a formula R-XH, thereby

regenerating hydrogen producing compound from a spent compound.

[0020] The pfééent invention also relates to assemblies for producing and utilizing
hydrogen. In one embodiment, an assembly of the inventibn includes a first unit for
generating ﬁydro gen and a second unit for utilizing hydro gén to g,énerate energy, wherein the
second unit is adapted to accept hydrogen from the first unit. The first unit includes a storage
reservoir adapted to contain a liquid compound capable of producing hydrogen and having a

formula R-XH, wherein R is a moiety selected from the group cqﬁsisting of an alkyl,



the current invention additionally relates to an
aut onobi | e having a hydrogen consum ng device and a
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hydrogen. [001 ] The present invention further rel ates
to nmet hods of regenerating hydrogen produci ng conpound
froma spent conpound. Such a nethod includes
recei ving a spent conpound from a device for producing
. hydrogen for generating energy, and reacting the spent
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second ﬁﬁﬁ ?Qﬁ m@}{ﬂ{ ?QXJI{I r eslgﬁh%%eﬁl%{)%%ﬂ#lh% %mge s hsés d“ﬁ;cfro gen

udes a S orag
combudtlbﬁ i¢hgine OFP Gs) dellt apedilecentodinan,emi asgenhiylg o Qﬁrprasredt invention
having, a, formula R XH wherein Ris a noiety sel ected
can be gongained within APt i ng of an al kyl , heter oal kyl ,
al kenyl, substituted al kenyl, aIkynyI' aryl,
‘ he QCHA
[0021] E.‘?{a‘agr?é;/r?ﬂgly W?Veqtﬁﬁg%l@ th&igéenr%l/lp%cg? s n';fgy source capable of
dlsassoaaml@ReX ﬁ@nyﬂ]eyn@mlssugstmn@to raodiice @rspent@pmpnunc{ (s e@ﬂlmenc

comporE St e EBIES RIS ByRRSH o, B el s

Source@‘g@tvallig}ﬁlgg@%_ate adapted to react with the liquid
conmpound to produce an R-X conpound bound to the netal

substrat e and hydrogen gas., The second.unit can

[0022]  né&n wéherfemboé;mmm thenyapdpBRAsseIY m%iea airgtamit for
ﬁqgrd?@% dr0a6R m@msl%wgaﬁ el?erﬁte %herg9'dvherem the

I Ment, an asse
second unit Mdaptedcta Acdept h}&hb gennfesin et fixsturdan 'Bwtﬁmnhntl iacludes a storage -

el S S RS i S P s
formulaf RP% t%?1d '5%&51 SMOPdtE Qda%tédoco PEREWAR t1fe BREDEorR: %’ﬁ?}_ﬁl{@ @roduce

di meric conpound having a fornula R-
hydro gﬁh@seaméragspestcn@nmun@nm spentgdmponngt camineipdas forapma@@ie a
S8 ot LR S X,
compound having aformu a R,-XH, wherein'R; is dehydrogenated relative to Ry; R3=X,

wherein Rj is dehydrogenatéd relative to R;; or a combination thereo£ Each of Ri, Ry, and

o

generat

R3 includes a moiety independently selected from the grbup of an alkyl, heteroalkyl, alkenyl,
substituted alkenyl, alkynyl, aryl, heteroaryl, alkoxy, cycloalkyl, heterocyclic, alkylaryl,
arylalkyl, arylalkenyl, arylalkynyl, arylene, oxyarylene group, and combinations thereof.
Furthenndre X is selected from the group consisting of sulfur, oxygen, selenium, and
hydrogen. The second umt can include, for example, a hydrogen consuming device, such as

a hydrogen combustlon engine or a fuel cell.

[0023]  Metal substrates suitable for use in an assembly of the inifention include, for

example, gold, silver, platinum, copper, mercury, and metals treated to remove a surface



[0022] In another enbodi ment of the invention, an

assenbly includes a first unit for generating hydrogen
wansassseond unit for utilizing hydrogen to geaEmam4/039644

energy, wherein the second unit is adapted to accept

hydrogen fromthe first unit. The first unit includes

a storage reservoir adapted to contain a liquid

compound capabl e of produci ng hydrogen and having a

formula R-XH, and a netal substrate adapted to react

oxide cdtinlg. N&tal duBbtireLMIALIGEE pre BIcBd saRtialed a9 9RIl a8 AfetaAHoTs.
spent conpound. A spent conpound can include, for

Reactwemﬁqmsnbstmtm Surther mﬂdﬁg/aaov%foms af retals-incjydingnanoperous

r I
metals, SR BIRTD R0, B bsEerh paBEL 0B k{Fhkl prodpring gappound
can inclEa@,ffoﬂéxaEmﬂe,% drg‘miotlﬂehcommnndat y independently
selected fromthe group of an aI kyI het er oaI kyl,

- [0024] ﬁg{lﬁg%gﬁﬁ :lyjr%;t}l alg%p%?@akrgn » ) orﬁ gélwp%compound In one

embodn?ﬁeﬁ?/ kiR 2ekervéik Yér%ltéﬁﬂ thé1 drﬁlgﬁbcf%md ifhdh ?Eﬂd%f‘x\élmoval of the spent

arylene, oxyaryl ene gro rbi nati ons t her eof
compmﬁdrﬁdm ﬂlmiemcex The aswlmhly eail gddgionaliy ntg:hmiap rcmra;mn ngamber

adaptd 3ot I SRR n S e T AR sonb SRS e
device t@‘i)‘fbdiﬁ:e aSoflboafid Raviglh BHBMILRITONShERBy ephratifg hpdrbpdl
ell. [0023] Metal substrates sultable for use in an

produclagsetimpm}ncbfromﬁbemuémmmvndncl ude, for exanple, gold,
silver, ‘platinum copper, nercury, and netals treated

to renove godhk Ilﬁrcse@ﬁ%pfl 6F’f‘ﬁEﬂﬁxﬂVIﬁE$6”at es can
i ncl ude pure ne substrates as we as netal alloys.

Reactive netal substrates can further include various
[0025] f OFighred! shtvsd ﬁowbhm't didgram ofarydmgm pmdneﬂicai and rsgeriera®n of

nano or.ous gol n one enbodl the n ,
hydrogch RFaRRAiPG ISP RGOS tsrdingdngh Eroinent of the
present Av@aRGH.Ni ol conpound. [0024] An assenbly can al so

Include a reservoir for storing the spent conpound. In

one enbodi ment, the reservoir for storing the spent.

[0026] coRignema iltustraiea phedrogen prodhesic anéfregqﬁléraélsé Aysters wbizing a
can additionally include
device %’cgllegélg a‘};{é{h&% %a-ﬁr}‘gbet‘?ﬁe;g@{ & to react the spent
compound with hydrogen received froma source external
[0027] t oFignee 8l ihistratet oystemn dnd devdcecavopaingrtotaa\enrbgdiménd ofithea

R- XH, "t hereby regenerating hydrogen
invention. y g , g ny g

[0028] Figure 4 illustrates examples of compounds suitable for use according to the

present invention.

[0029] Figure 5 further illustrates exemplary compounds suitable for use according to the

. present invention.



produci ng conpound fromthe spent conpound. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0025] Figure 1 shows a
woOl2o0mm53832  di agr am of hydrogen producti on and PCT/US2004/039644

regeneration of hydrogen produci ng conmpound from spent

conmpound accordi ng to an enbodi nent of the present

invention. [0026] Figure 2 illustrates a hydrogen

production and regeneration systemutilizing a device

according to an enbodi nent of the invention. [0027]

Fi gure CRPTEONO TGS ng to an

enbodi mﬁaplﬂcﬁiﬁﬁbﬁventﬁgn [goghg%az Fi gur’gp(?lPtl

illustrates exanpl es of conpounds suitable for use
[0030] acbe prasgntnnvmn dedvasriton theatiscovery thay gergin hydiogen producing

compor g R0, SRR TP BB -8 on

demandDes?@hré st £ v M ef S0 IDYdrd fein oY conipodintls, adcording
' “derives fromthe di scoveg}éét hat certain hydrogen

to the inyeptiomsicay be seastadiwith metal sibstrafes mroéw@rhyelﬁﬂaey B3%-oFlitng
I f d
compo 4835 B 5 401 BB A SETPRD SRTP e
conveni@ D @iads of aﬁﬁmb'dllld’l@telusetahé dismiterioh ¢ag., ﬁﬁmgbsﬁaatroaa,d’udd
wWith neta subss ?ﬁlesto roducehdro %% d d.b
delivery: Gglsuppolings s PFIEﬁ!i‘F IR0 D S0P DR Tagd dppnerated, by
hydrogéHaﬁBﬁ ?kﬁ %%emf élnllﬁ%ﬁ(?n ?rodﬁ@&@&&hﬂ&ufd(b gﬂ‘ﬂé’ 8Mprodidhg

use and distribution (e.qg.,
hydrogén duid sugtabteabr funther fisggh hﬂ@bg@remduqtmlascoréirqgéb ﬂmesent

ven i, RS PR SRR RO b om

suitabld Br BS/ ?&?Fﬁ)dﬁ@ﬁﬂﬁﬂé@ 05jdedtef padduein@defipdgnd))Eid @& spent

and Sui e for further use in hydr ogen productlon
compousl amdjrmgsetqf théveegpresatedeomppradtin pydrogeiprodugtionageerdigg to the
describ on further describes regenerating a
T ﬁg 9%-rich formsuitable for hydr ogen production
(e.g., a hydrogen producing conpound) fromthe spent
[0031] Referring to Figure 1, a flowchart diagram 10 of hydrogen production and

regeneration of hydrogen producing compound from spent compound, according to an
embodiment of the i)fesent invention, is shown. Hydrogen production for energy generation -
begins by providing a hydrogen pfoducing compound in step 12. A hyd;rogen producing ‘
compound 6f the invention has a formula R-XH, where R is an organic moiety and X
includes sulfur, oxygen, selenium, or hydrogen. The compound is reacted with a metal
substrate to produce hydrogen gas 1n step 14. In addition to producing hydrogen gas,
reacting the compound with the metal substrate further produces spent compound and/or R-X
compound bound to the metal substrate. The hydrogen gas can be collected 16, for example,
and used for generating energy in step 18. Following reaction of the hydrogen producing
compound with the metal substrate in step 14, any compound bound to the metal substrate
can be disassociated from the metal substrate in step 20. Disassociation of the R-X
compound bound to the metal substrate in step 20 can be accomplished by an input of energy
from an energy source 22. A disassociated spent compound (e.g., a dimeric compound

having a formula R-X-X-R) is produced from the input of energy 22 and disassociation of the

10



conmpound, and re-use of the regenerated conpound in
hydr ogen production according to the descri bed
wortdsmdss32[ 0031] Referring to Figure 1, a fl owea&ns2004/039644

di agram 10 of hydrogen production and regeneration of
hydr ogen produci ng conpound from spent conpound,
according to a enbodi nent of the present invention, is
shown. Hydrogen production for energy generation
begi ns by providing a hydrogen produci ng conpound in

bound REXRompourd Fryah tBE Bt asbuaieis sf\zﬁ 1200 $pent@bmipbend can be collected,
i nvention has a fornmula R XH

for example epd seaenscateddFgd dydrogerated) to g%gh&t'@&e}ﬂq tﬁ%%?qr;l:ugtmn of
hydro ggX gﬁf ?lgg%en%{)iﬁgfrf ggﬁ%ﬂpﬁm‘gﬁoxﬁlﬁ 36 GV ifdp R fgﬁﬁﬁ? gen production

ogen gas 1 n ste

is accomplisliddiyy teactireatici speny cdsmpbtmgemtlghmro gancto tpr(rdycd: aeompound

compound w th the t al substrate f rt her praduces

having aderpula K3 dlAe > SReTERYECBAFRS B PIogUtHE cﬂ@f’%'imd from
spent cgﬂl?g{l{l@t ﬁgdrgﬁgn by o ﬁ’%%&% e&?aﬂn@echéﬁwr@ ﬁﬂoé&m%wmpound

used or generating energy rn step 1
from ﬂiécsk)bmvmong)mmdcan beolethinedby hyximegmoihydthgen genecasiopoinetinding,

h the net te. ip step 14, any conpound
forexaaw%&op%englﬂg%?tﬁp ‘Ifag‘t’druﬁﬁ‘éncan be di sassociated from
: the nmetal substrate in step 20. D sassociation of the

[0032] R- % &RFRAHYHHE Préent ifivénfion _Eraateb toSgRstating enérpy SrewshAfilization
' can be acconpllshed by an input of energy from an

of hydregen pyodueest aesomiing e the dessgbed methads plapnecabgdit, 2 method of

sy R SO BBINE LD B ot

hydrogéh,Sa8h s b @bmpouaf hdviveofonsuR-RH widua thefal substrite torptoaluce
substrate in step 20. Spené&%on'pound cang ﬁ%l | ecte
hydrogep gawaathipeat compqnég@ﬁl(er %t BeiX cemgoungRayn: {Rei! sppsteate.

The hyhﬁfggh gﬂ% {n%kah@ec{l%r the AEscRibed et 895‘ o ﬁﬁ%@f %ﬂxz@@?o g?nerate

ion of "spent conpound to a form suitab
energyliyelndigenfop emainp:lb; yrutilizatiorn mrplhydedgen dopsunsag tlc‘nge, tsheh as a

nt co h hydrogen to produce a conpound
comb“ﬁgﬁ?ﬁﬁglﬁgg ﬁlﬂlﬁel XH in step 24, thereby regenerating
hydr ogen produci ng conmpound from spent conpound.
[0033]Hy dl‘lﬁﬁﬁ@seﬁﬁlﬂ%hﬂ]dxi@ Baded] in'RACHE GRldist@vedyehdtwempgails

produci ng conpound from the spent compound can be
commqniy uadda the ar f selEagsembled manotnyers (§ ) 3¥6 (@ﬁable of efficiently

reactmg Q&ggluglte&g Subfsﬂgteg Wh&‘ce s‘fﬁﬂﬁ@aﬁﬁ hﬁ’mltleygf Mocg gas, and that

compounds produced as by-products of the reaction (e.g., spent compounds) can further be

" reacted with hydrogen and hydrogenated, thereby regeneratlng the spent compounds to a

form suitable for-hydrogen pfbdugtion. ' Surprisingly, éonipounds that are commonly used in |
forming SAMs are also capable of efficiently producing hydrogen in quantities sufficient for
use in generating energy, including, for example, in fuel cells or hydrogen combustion

engines (Examples 1-2).

[0034] Compounds, such as organothiol compounds, are well knqwn in the art of SAMs
for their ability to spontaneously react with certain metallic substrates, forming a an

organothiolate compound bound to the metal surface. SAMs are generally depicted as an

11



[0032] Accordingly, the present invention relates to
generating energy through utilization of hydrogen
wonoesssd2zaccordi ng to the descri bed net hods. PaT@IS2004/039644
enbodi nent, a nmethod of generating energy is perforned
by reacting a liquid conpound capabl e of producing
hydr ogen, such as a conpound having a formula R-XH,
with a nmetal substrate to produce hydrogen gas and
spent conpound and/or an R-X conpound bound to the
assembgjﬁoﬁdrgglﬂged b&iﬁdg p’ﬁbl&edh?dlreaﬂes? %ﬂtﬁmexnﬁled gfbnblayeﬂs&‘onned for -
escri bed pet hods can further be utilized to generate
example a3t 5 cherisamtiog, of peganicmpisewles eRmgtalllG SBfREes{Cign ggld) are well

charactgéfigd%g’ﬁﬁleﬁe 8 d}gglﬁﬁé(}be?% 0%%}"9%&? A DB B B atnin

or a e present i1nvention Is
Organzbﬂsled From mangmuxszlodgetﬂb Selfvizsemiih cademizdrasss San Diego,

| t of s el ed nonol ayer s
1091, EGRTRAY o, $568 b B Bkl b BT T R BB
spontan%H@sﬂ& hpbEe §oﬁtﬁ?ctﬁfg%%‘ 51 don§iiRthd GHAM théthBsubState as a result of
hydr ogen gas, t hat corrpounds produced as

chemisttptipn ofl sulfur cxmfthe teecturre@mrfa@n o( megnetak,spbmateso mlmtdgc)ules self-
b d d
oganic Sy R AR ARSI S8 pbe 3

Am. Clﬁebh S8/, 0603550\ U9 cCamil el C1Tj @mal., @q&n@rP}@b n98 )8503 (1993);
ounds that are com’mnlcgnused in form ng are

Fenter etlaéoSelsm RE6:0k2161(1 924 IGhidsey gl adis ﬁ@naywro@ &82 i(k990); Sun
etal., Tﬁﬂﬁoﬁlgtﬁlﬁﬁs Hiff()%' (?9?43]: %esfd??fo C%Bxgélh% ‘rﬁggée %Qétal surface,

the aboc@rﬂfmﬁemaetngls Ipmﬂu@:&@r[ﬁloaﬁt dmdints ¢f0yddigefogapas abksproduct.
such as organothiol conpounds, are well knownin the

o159 3 S o B b PR 5o
having ﬁfe%ﬁﬁﬁlﬁ'l@b@{ %&@dﬁﬁ@l‘é%@pﬁ%&ﬁﬁlgth%fo%@n g@é@onﬁfb'&ftlﬁg &vith a metal

are general |y depicted as anassenb a¥>
substrat@r gnnnee Odllntﬁ;tlél rqpaesraeta aeactiveimeicty sitablecafsepeanl aptact with a

reactlve %k algbﬁ b3 e?rgq eastt &o#% %{Lﬂ) hﬂm%yco ?l{earggtjéle §t§£t@t glgl?ucﬁls a

reactlv@hole\fsethhampmﬁvai reaetﬁvesmopétﬁés Whé @aticedWitotaaytvesmetal
See, U man, An Introductin to Uitrathin O ganic Fjl ns:

substratep (iee phovmuiln 2dsition ks thial somppindade gnpPypouRds gentpining sulfur as
a reactlgiﬁx%f’etg? Bblgxgﬁ hz%@l% %ngéf&d%ﬁ%?ﬁn%rﬁo %el}a ce oxygen,

selenium, and sulfur are in the same family in the periodic table and have s1m11ar reactive

properties. . As such, a reactive moiety present in a hydrogen p;‘oducing compound and
suitable for use in the current invention inciude, for example, sulfur, oxygen, and selenium.
Thus, in one embodimént a hydrogen producing compound is an “organothiol”, or a
compound havmg sulfur as a reactive moiety and any organic moiety (“R”) as defined herein

(see, for example, Example 1)

[0036]  In another embodiment of the present invention, hydrogen can be produced, upon
reacting the hydrogen producmg compound with a metal substrate, by dehydrogenation of a

hydrocarbon moiety of a hydrogen producing compound. Accordingly, the hydrogen

12



spont aneousl y upon contacting an organot hi ol conpound
wth a netal substrate as a result of chem sorption of

weubdsis3ssn t he textured surface of the netal  PCT/US2004/039644
substrates. The nol ecul es selforganize into a
commensurate lattice on the surface of the netal
substrate. See, Porter, J. Am Chem Soc, 109: 3559
(1987); Camillone , et al., Chem Phys., 98: 3503

‘ (1993) Fenter et al., Science, 266: 1216 (1994); 20;
produc ﬁ% Yufd céd furthbPinghide a.hyfioc&Ban (é%?@zhereﬁtm i€hgdrogen) (see
' olid Filnms, 242: 106 (1994) esides formng a

E\?i f on the netal surface, the above reference

reacti ons produce SI gnlfl cant anmounts of hydrogen gas

as | Ty 9?

10037 77 £E o Rt SO ROurESRE A orkalf KL (R). An

orgamdmmet;gpﬁekmlt fma hyxdlmgﬁr pfddmndg cetppduin:d anfl spitabde fir mge in the current

event R R bR R B AR
malntal‘ﬁéﬁfkb&eﬁlreé héé@%?tﬁé%@)hﬁﬁhn&vﬁﬁﬁlgaha{rﬁﬁﬁé (&, #&isPbrtation, tra1|1sfer

substrat e, reI easi ng hydrogen and biRdihg to the met
reactiors et} arat dnes Sot fubstanBally nteatoré wishiies rsegtioniof therednhpdumd writh the

o 558 SR 5 SR 5 5y .
lower aﬁ@l’galkelﬁﬂ’,@%ﬁd@d%ﬂ&hﬂ alkilyIS A, WetchGar L, E1RA%Y, cyEloalkyl

noi. et. npounds havi ng oxygen and sel eniumare al so

heterocuglecf, i/kyéarﬁb endadiile ﬁrylaé@whuamﬁmanﬂ, Fylengroxypeylene growps, and |
combinafidK tﬁm@x@ok YR &2 rx%ﬂgggﬁ) ﬁ%@&hﬁﬁé@&l fondl ?stﬂﬁééﬁ aﬁl‘l %LA 88ntain one or

reactive pro a reactive nol et
more h@egaesmhs.i N a hydrogen produci ng conpound and SU|tabIe
for use in the current invention include, for exanple,

0038 S B D S o Sl TR TR cai

hydrocﬁ‘bﬁﬁ’ BRAP VIRV o Itcf &Houﬁz arb8A ﬁt‘bhiéemelﬁ'dﬁig)in@tﬁ?l 3ihy1, n-
organic noiety ("R') defined herein (see,

propyl, dscomenyd, n-Butahpsabutyl, te{rtémsxd n-hexynandibe hl@nbgm ewgmpleoby
com@%%l?yﬁﬁﬁ&yﬁv%?%é@m SRS Rl B o h e roral

substrate, by dehydrogenation of a hydrocarbon noiety
[0039] Of A dapd heg) thy tefth C‘hd&’t@ro@ndyvmiféﬂs tolxdicyd r@bupg |cyntairﬁ1@g at least

hydr ogenpr oduci ng conpound can fyrt
one hetﬁ%?%’&aﬁﬁ gred ergin, thﬁﬁ@?rb TPRLO df é?d‘{] myﬁtha lige.
: Exanpl e 2).

[0040] As used herein, "substituted alky " refers to alkyl groups- ﬁm:her bearing one or .

' below,

more substltuents selected from hydroxy, alkoxy, mercapto, cycloalkyl, substituted
cycloalkyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl, hetéroaryl,
substituted heteroaryl, aryloxy, substituted aryloxy, halogen, cyano, nitro, amino, amido,
-C(O)H, acyl, oxyacyl, carboxyl, sulfonyl, sﬁlfonamide, sulfuryl, and the like.

[0041] As used herein, “lower alkyl” refers to alkyl groups having from 1 to about 6

carbon atoms.

13



[ 0037] A hydrogen produci ng conmpound further includes
an organic noiety ("R'). An organic noiety present in
wa 20sehsssgen produci ng conmpound and suitabl e f oPCUA®2000/039644

the current invention typically conprises a
hydr ocarbon and can include any organi c noiety that
mai nt ai ns the desired phase of the conpound during
handling (e.g., transportation, transfer, reaction,

j etc.) and does not substantially interfere with the

[0042] r eAss@hheéin} Taikenginefondtovitiatpht tecbranchetichain iytmicarbyl groups

. Substrate. Suitable R . grou i ncl ude,. t are t
Taving PRAPE E6TE §7 APk G bomApuS APRG and BAIGR g eneSp Ryt 2 up to 12
carbon %Pﬁxg;éﬁdﬂs ' tﬁ\!ltlggg?k'en%laké‘tﬂﬁ)fb alk@A grodiRBFRR Héhring one or more

y, cycloa eterocyclic, alKylaryl,
substituantglaakétyfbrth abgrieal kenyl , aryl al kynyl, aryl ene,

oxyaryl ene groups, .and.conbi nati ons thereof. R groups

can be substifuted,or .non- substi Ve
100431 525 A FUAP 9 SRR oh R A b0 RSB Browos
having 4t6645t 0A¢ katbon-t&beh Srifle band/RAQhavieg in the raigghif absut 2 up to 12

-~ branched chai n hydrocarbon group having_f org one to :
carbon atomst anshisbgiiteted alkynyl aefges th @“%Vhsfpyp%ﬁlﬁg}?r, SAPPS Py Or more

o | . QRY; fyl, isobutyl, tert-butyl, n-hexyl, and
SUbStlmFﬁggfg%eépﬂEoP%Xaml e, by conmbining alkyl wth a
hydrogen atom. an al kane can be obtained. [0039] As
[0044] us AR used kérgin, t4rgl"trefers tohaetreativagrioyps havisfgdnshe range /E4 up to 14

carbon Rl BHRsLe b e O S PE dpg gping Soe e o

substitdelﬁ?%s sLOBARLLANR. used herein, "substituted al kyl"
refers to alkyl groups further bearing one or nore

substituents sel ected from hydroxy, alkoxy, mnercapto,
[0045] cy Asowediereins theteroayl agfesy to ayampl IngRetoBiqiug Ppe o more

ubst it ut et.er ogyaGl i s ' v s
s R, S PTED  FE EA e oge o
3 up to 34eaibioh utones idylsobytituted hetgmiaryltyeders fo héteroaryl griups further

_amdo, -C(QH, acyl, o’xgtﬁc;él , carboxyl, sulfonyl,
bearingqperos mare sebstingnts asyset OHRADPYR | ke. [ 0041] As used
herein, "lower alkyl" refers to alkyl groups having - -

[00461 fr FALEuLeﬁi fRerdf0 u&uc@xf'%kémo&h@ﬁ%ie{tgﬂﬂncﬁﬁ wheReh AIRYHE Bs defined
"al keny refers t'o straight or branched chain 4
above, aytitsubstitbietl atoay seftravo adroxyleronpsfartker bgprmonegrueere .

substim%g%ba{s%etbﬁﬁgséboéend ‘having in the range of about 2 up to

[0047]  As used herein, "cycloalkyl" fefe;rs to ring-containing alkyl groups containing in
the range of about 3 up to 8 carbon atoms, and "substituted cycloalkyl" refers to cycloalkyl

groups further bearing one or more substituents as set forth above.

[0048]  As used herein, "heterocyclic", when not used with reference to an aromatic ring,

refers to cyclic (i.e., ring-containing) groups containing one dr more heteroatoms (e.g., N; 0,
S, or the like) as part of the ring structure, and having in the range of 3 up to 14 carbon atoms -
and "substituted heterqqyclié" refers to heterocyclic groups further bearing one or more '

substituents as set forth above.
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carbon atons, and "substituted al kenyl" refers to
al kenyl groups further bearing one or nore
weubsstiossazent s as set forth above. [0043] As usedT/US2004/039644

herein, "alkynyl" refers to straight or-branched chain

hydr ocar byl groups having at |east one carbon-carbon

triple bond, and having in the range of about 2 up to

12 carbon atons, and "substituted al kynyl" refers to

al kynyl groups furthsr beari ng one or nore

S " ]aryf‘%rdﬂ €6nd "substituted
[0049] h%g%éehql%gé@] %ﬁ{lﬂ %glr sr eft‘egﬁg?g%g—t%}ﬂééig%ﬁp av?ng in the
alkylaryl" asfges tof albylapyl groubé ferhdsbrazingons camepre substityentsrasget forth

aryl" refers to aryl. groups further bearing one or ‘
above. npre substituents as set forth above. [0045] As used

herein, "heteroaryl" refers to aromatic rings
[0050] cqs[gt@éé@l HGeifl "Rr @RIk PIrefeRetott ladubstitufed atkyl ghdups afs] "sabstituted

the like) as part of the ring structure, and havin
mvlaﬂcyr'heferahg@ywlqé groyps Surthier At 0N 5 FROTS SEDSIEYRNLS *}Stsag@a‘ﬂ
heteroaryl" refers to heteroaryl groups further
beari ng one or nore substituents as set forth above.
[0046] As used herein, "al koxy" refers to the noiety -
[0051] al Agphsedhepeia) mryxlbkq:hyli" sefams td efylﬂabstmne@ alkenylgroups and

sonE ol I L) B B B it o

’assetfo{rtﬂ ,1, ‘As used herein, "cycloalkyl" refers to
I'ng- cont ai ni ng al kyl groups contalnlng in-.the range
of about 3 up to 8 carbon atons, and "substifuted

(00521 oy watdyerein oyl gyt ayltsubstisuigd aflypyhgpups and
s RSERSTARAT: S ML e S i,

substlmgﬁtggg gﬁffgftﬁﬁﬁ@vdo an aromatic ring, refers to cyclic
( . €., ring- contalnlng) groups contai ni ng one or nor e

above.

het er oat ons, (e he.
(00531 1 Agsed breim Srviene” Frs i Shvalenaromifig g e Bhlipd b fange of
6 up to ﬁ@{a@gn @fo?ﬁgsarﬂn‘éubs?iﬂﬁé& hividiRd réTels 26 a6¥dlei ggoupshelies bearing
erocyc groups further bearing one or nore
oneormorbsmbstuamtsaastfmthah;meh above. [ 0049] As used herein,
- "alkylaryl" refers to al kyl -substitut ed aryl gr oups

[0054] an‘gs ugelzj(;) ﬁere}nl,J t‘oxyarylene refers to the m01ety “O-arylene”, wherein arylene is

as defined above and “substituted oxyarylene” refers to oxyarylene groups further beanng

one or more substituents as set forth above.

[0055] Various 'eiampiés of hydfogen producing (:ompouhds 'suita,ble' for use in the
current invention are provided, and are not intended to be limited to any particular size
hydrocarbon. For example, hydrogen producing compounds can include molecules having
relatively large hydrécarbon groups, such as 6 or more carbons (e.g., ‘C6-(.312, Ci2-Cyo, O
greater than 20 carbons) molecules having relatively little hydrocarbon (e. g., less then six
carbons). Examples includes methyl mercaptan (CH;SH), as well as organothiols having the
formula CH;(CH_),SH, where n=less than six (e.g., 2, 3, 4, or 5). Examples also include
organothiols having multiple thiol groups. Compounds having multiple thiol groups ‘
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al kylaryl" refers to al kylaryl groups further bearing

one or nore substituents as set forth above. [0050] As
wozedb/osga3ei n, "arylal kyl" refers to aryl - subst PCUUS004/039644

al kyl groups and "substituted arylalkyl" refers to

aryl al kyl groups further bearing one or nore

substituents as set forth above. [0051] As used

herein, "arylalkenyl" refers to aryl-substituted

al kenyl groups and "substituted aryl al kenyl" refers to

icallylb¥d Alak SO thid] Rritips b inbREulBEEE ), RHraNEMVleciRE aving a hi
typica y?u%st Ituents as setsi)fort h Lzzlbgvg. [0052] As. used gahigh

ratio of weegnopps ¢ergy) thialg)nform podyraers threugh yXK-X1hondp.the kaw viscosity of
. al kynyl oups and ‘rsubsti t (P . ? ‘
wich off ¥ S UBBUTR o L PR E ALY LAY S8R nion.
Exampl&Wisdoniptantis hadng giultigle Liagrovss intRAs BIS-@H )s8H, where n=less
herein, "arylene” refers to divalent aromafic oups
than 6 (g 2@? anwelhas hqﬁ@@tom cqm § such-as dithiothredals (gtﬁ?er xamples of
compo VB ot dsfinthe Birrerdt SiRhfod fhcRidfNECHt @HRsSSHT Uhidbehzene,
UBEar ng one or nore substituents as set forth above.
and thiop&ivt] FAsthersexdnpdesaifcpmponmydsrsyitehle formst eccordiog tdthe present

i _nmoiety " rylene"”, wherein arylene is as defined
mventloa@s%zéy%ﬁa‘feaéﬁ Fagures %"&le %xyar yl ene" refers to
. oxyarylene groups further bearing one or nore
[0056] SURSdid 4R EmRSt, BRIy IS deh pRitRitrg doRiPolihd WAthie@hention is present,
exanpl es of hydrogen produci ng conpounds suitable for,
at room temepenaturé,an che foemofiadiguid. | Sieharliquin gfetedé 0O HANREFEULSAS

i-ntended to be.limted.to 4 CHl Ap. Si
wetl, ) e BoR e ersaup o b B HeR e nd e methods e
gas pumpiils ket d A sTRLE didRszeh %Yddﬁ@iﬂg&ioﬁipouﬁdlsfudeﬁﬂ rethe current
) - hydrocarbon groups, such as 6 or nore carbons Sﬁlg% -
inventiogpe tvcalbringhe hgwd phagernt 2epme lpRsmayreAddaYe a b PRyt range
r i vel Aol € hydrocarbon (e.g., |less then six
Ofaboutcﬁgrog'f)gﬁsa)%?xg%dggl es includes nethyl nercaptan (CH3SH),
as welt .as' organot hiols having the fornul a where -
[0057] n=Ths step lodineasting @ hydroge producing compourikaith b aeactive metal

subétrat‘le Pscelz)yeggpliﬁed below, in terms-of reacting an organothiol with a gold substrate to

produce hydrogén gas and an organothiolate bound to the gold substrété, as follows:
Example: 2(R-SH) + Au -> Au(-S-R), + H,

[0058] A reactive metal substrate useful in the present invention includes any substrate
coﬁtaining a metal and capable of reacting with a hydrogen producing compound to provide a
spent compouhd or compound bound to the substrate that is dehydrogenated as compared to
the unreacted hydro geﬁ producing compound. Suitable reactive metal substrates can include,
for example, gold, silver, piétiniun, copper, and mercury. Metal substratgs can further
inchude, for ¢xarhplé, metals treated to remove a surface oxide coating, thereby enhancing the
reactive capacity of fhe metal substrate when contacted with a hydrogen producing

compound as described herein. Useful metal substrates are not limited to dparticﬁlﬂar sizeor -

range of sizes. The choice of an appropriate metal substrate size for a given application will
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organot hi ol s having nultiple thiol groups. Conmpounds
having multiple thiol groupstypically |Iess than four
wohoalossa3soups per nolecule (e.g., 2 or 3). Ml eculus2004/039644

having a high ratio o - XH groups (e.g., thiols), form
pol ymers through -X-X- bonds, the | ow viscosity of
whi ch can decrease the useful ness of the conpound for
t he purposes of the present invention. Exanples of
conmpounds having nmultiple - XH groups include HS-(CH)

be appareiHo thb&s ¢f skill incths aith Riea@iivieangal, suBstiites wsefuleh theasrrent
heteroaton1co ounds suych as_ di t,hi ot hreitol

inventiop )%Eﬁﬂﬂtelgnﬁ? WEhpewasido dom Kl eanprlude for grample, @Eﬁﬁne sheet,
foil, w1r% w%g{ie ubs, 'E_t Fﬁ%re GHld- agg' comblinatibh 8P gﬁ‘ﬁﬁﬁ? thedd¥t. A

exanpl e compounds suitable for
reactive nstalatibstrate ngn also ban @foamsdamgnn@ tmenhancaermaximizst the sudace

aten of thg el HORFUR A THAF 0 RGP Wit PrRQRRICER Fnfde? area can

include, %Ieéi%% le AlarfoRl® PrkR B AhRdpersus mhétals € gf, ﬁﬁﬁﬁp@fo@ gold;,Ududh as
a I|qU|d state at roomtenperature is useful, for

descnbedmiﬂoSePatm@J@ 6:803,972awihish is incetporaiad hergingbitsfarence ¢age also,
en t hods (e.g., gas punp) i s desired. As

US. Patg @ﬁ %92?8 h produci ng conpounds useful in the

. current invention are typically in the liquid phase at

'[0059] ' CRIBHccHIRIdiufitofaliplesste irtvehtion, leg:r@manﬂlng tha gydnogen

about 20 to about 200 C. [0057 tin
producingefrapendimeduess Hydogrp sarnda % “Péiee W@B’ 'instfa the
. r g
o} SRS BEETRAAA A YLy (03, SgpSasiie
compouh&)‘iﬁr@gﬁhe Malan‘dstalte oryaduthkinonbbendspenticangpaung. deluded
ubstrate, as foll gws

herein, (hg (e, Fgpelt GpRSDBA ToLeTs A o1 PP RACAMPOURSL (AL tFenreprted
with a nidtals{iBstP4te %p&dﬁ&/ﬁﬁb dndGs délRireMated as bdsmpaeed to the

containing a nmetal "and capabl e of reactin

hydrogenypdodiyng pwmnmmdrmmr@mﬁagm vish thomptad Sld?sggfén tThuS a spent
compouag oF ng 2& cgé: qh;ﬁ%lﬁgg ettnore%ﬁgd Msdtrﬁ?tcﬂcersu?])g%he hixd ﬁlrther

onpare € unr.eac rogen
dlswsonﬁtQ&ﬂ@nﬂﬂleQﬁﬁﬁpwbﬂuatéulﬂ sunhecernbatiinents, smh’atormldusﬂ lqtreéuced

can include, for exanple IgoI d, silve
in the absepser? 2 disassaeiaing step Kse RPO%n Y %pgpb@%ﬁm 7% Higjude, for
examplé chrlrﬂ%ﬁc ch oﬁ%@mlﬁétﬂﬁ Si/{r _Rekad g;ré’dlfc%@gy Qis@ssociating the

ace oxl coatin here enhanci ng the
R-X bound from the metal substrate. In one embodiment, a spent compound includes a

polyrnenc compound formed from a combination of multlple (e.g., at least two) R-X

‘compounds d1sass001ated from the metal substrate.

[0060] ‘ The process of disassociating the R-X compound from the metal substrate, and
thereby producing a spent compound, is exemplified in terms of disassociating an

organothiolate compound from a gold substrate to form a disulfide molecuie as follows:

Example: Au(-S-R); - R-S-S-R + Au
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reacti ve capacity of the netal substrate when
contacted with a hydrogen produci ng conpound a s
wdesasvoskssd herein. Useful nmetal substrates ar ePQoOiUS2004/039644
limted to a particular size or range of sizes. The
choi ce of an appropriate netal substrate size for a
gi ven application wll be apparent to those of skill in
the art. Reactive nmetal substrates useful in the
current invention are not limted with respect to form
- [0061] arifjwﬁf‘ﬂe Jgé&&édiﬂ@% Ho%ev@nx ﬁ{HP la‘;‘comﬁoﬁl'rl]de I?Bgdﬁghggiy thf/ Qishssociation
step cmamammun«b Dtknéruhaad ] ¢qmlnmetncun¢ mwltlplm‘?:tx -RE Cﬁmpaunds (e-8.

polymerfigareionne) el gretreid b AL e, dp RORRU6Gs Yor
examplé, $Acle' MgitPhfdrozeR %I‘dd@bi%g%iﬂ@oﬁn@ B&lﬁﬁﬁ@@ aqilmﬁli@a)faé%ve

can 1 nclude,” for exanple, various fornms of nanoporous

mmehem(etgalfﬁ(@izbsl‘l)n asppY p@mﬁo‘g& ean besformediy hending peiyq rsactive
Pat ent IS incorporated

m01et1eq1\§$1élp 1? & 'Pgﬁ%(gggislgéaaﬁe%%ﬁ% S. Pate nltO No.

4,977, 038) [ 0059] In one enbodi nent of the present

i nvention, where reactin e hydrogen produci ng

compound produces.hydro en gay and a conpound bound to

the substrate, the invefntion further includes

di sassoci ating the boundgcangound (e.g.,

or ganot hi ol ate conpound) fromthe netal substrate to

: produce. an unbound spent con‘ﬁsund As used herein, the
[0062] t emebtspnﬂhodsoadelsnsddclatefgeths ¥ componn fiem 6 mmsial substrate are

sutable 556 35 Ty B DR OLiTG e ey AP G, P SRARFEhY Solication of an

energy gokl%‘cehxﬂ bREEBNRPRIRCK BEmpemRDEanthentisassociated frami the metdl stbstrate
he netal substrate. Thus a spent corrr(Jlound can i

by the’ aapltmﬁp@ efbeathR-Xeempouad caphe fl’éHSS\‘R)P‘PW metaf]sulbstrate for
examplq‘s, &E% il?a %rf i g@%dfdéﬁaéﬁﬁgd Alf dad ﬁﬁmdtehﬁ)r @ﬁixﬁf)le, applying -

n sone spent” conpound is
a heat s&h’@é‘ﬂﬂzﬂﬁ)ut 50-10€°@fxuel ae6® 80°Gy add sars spdcificatly, s_hostﬂQ €e Other

bel o t ungd f
methodeisaapy e BGRHAn RAD AL UM iR o eniptigh BE P Siceige
current. nggﬂm% E?ﬁt%&‘a ligtid ﬂ&wtegﬁa Bbﬁﬂl@éﬂiﬂﬁb\fnﬂ%ﬂtahﬁetm%trate range

trate. n one enbodi nent, a spent conpound
accordingol thelpresent panmm; b’pmﬂpmg@ fram nb@atflpdﬂ;{rgol to about 50 kJ/mol.

e oSG 5B B e by B B el

Thus, more energy than 35 kJ must be added to the surface to hberate/dlsassociate the bound

"'4

compound. The péi‘ticular amount of energy required for disassociating compoimd bound to
the metai substrate will depend, in part, on the combinatipn of compound and metal being
utilized and will be readily determinable by the skilled artisan. For further discussion of
dissociating metal substrate bound R-X compound, such as temperature-driven release of
organothiolate compounds from metal substrates, see, for example, Walczqk et. al., Langmuir
1991, 7, 2687-2693; Bondzie et. al., Surface Science 431 (1999) 174-185; Rowe et. al,, ‘
Langmuir 1991, 7, 2307-23 12; Ross et. al., Langmuir 1993, 9, 632-636; Huang et. al., 1993,
J. Am. Chem. Soc. 115, 3342-3343; all of which are incorporated herein by reference. .
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[ 0060] The process of disassociating the R X conpound
fromthe netal substrate, and thereby producing a
wepersiossssepound, is exenplified in ternms of PCT/US2004/039644
di sassoci ati ng an or ganot hi ol ate conpound froma gold
substrate to forma disul fide nolecule as foll ows:
Exanmple: Au(-S-R) R-S-S-R + Au[0061] It will be
recogni zed, however, that a conpound produced by the
di sassoci ati on step can include conpound other than a
[0063] COTIM Hrdbdn® Anventioh! fiirtHk ncludés Rigeperating hgdrogen producing
pol yneri c conpound):-that are disassociated fromthe
compound fegm epebt cprpeund. rRegsperating bydrogey pradusig omppiddrom spent
1 Ri. r N-PLQGE
componffflr RBP4 ROSRALSIS AR g procucs s
compousf éaving arfpannk E-Xﬂ{,hb?]réb)y regehldnytirtg)lnwim@nqgodmg compound
© reactive noieties withjn si.ngl e conpoun S .
from the spegt eraRANGy Y HHRUS ar 1?"%45& Sﬂg’cqﬁg@go?ﬂcﬁ such as a dimeric

compoufili SR HRCHEi Sy {88udRa Ar LA RGNS AAMWIRSe fRldineric compound is

substrate are Suitable for use in the methods of the
a disulfideyfon txaomplej theldisiilfady, candre reduseg wath hydregep!tp derm ahiek thereby

ener B SER i B R PR

hydrogéBlfbfaith k81 E?cilﬁfi&ic hid26 g60RAYB Y., eedttibe wiihaadsdiuinatbony]
romthe netal substrate for exanple, at .a-heat of o,
catalystyr Vatieys methods for therpasalyiiphydragonatipn o5 Argape forgrample, will

R
Bondziéf@tt. El?,d;iu-ﬁlaé Siclfbﬁbél?@l (i@p?)' oy | iliﬂr) ?The l]lﬂy}irdg\zh u’s&d: fof tdgenerating
g i Oor ap Ication o an rica current. .
the sperggppoEnd pATLbRBTONBSR hyABS AT KBRN Tk e (Fig- SlRgralytic
. . o S H t . . . .
e
inventiveddvibesahd niktieodshiropafemngd) fr exdaneplacer board  bydrogempowered

vt oA S5 SRR By ULy B oo
occur af 4 fb%ﬁl%neée?iaﬁﬁé #0661 At ByaldgeproatciisBEdh . “offtoard” the vehicle,

particul af amount of energy required for :
where lithisatzme of existing metheds sechrsigh temperaiunes ard Prosmyses (§i2e
art, on the conbination of conpound.

W]l depend, in
reformig) arg of kess BEPHEGEi | i zed and will be readily

determinabl e by the skilled artisan. For further _
[0064] di Regetraibméf ahypiogsnairoduingtanmpamnddtanaepdn gonhpund is

. coampound, -such as_t erature-driven rel ease of .
exempliﬁercrlpbelow. A dimeric dlsu%rc?e compound, for example, can be reciuced'wuh

hydrdgen to a thiol to regenératé the hydrogen-rich thiol. For example, a disulfide can be
converted to thiol by catalytic hydro ge_riation, as exemplified in the two reactions illustrated
below: '

R—S—S—R + H

y —————— 2R——SH .
metal catalyst .
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or ganot hi ol ate conpounds from netal substrates, see,
for exanple, Walczak et. al., Langnmuir 1991,

waaes/3833; Bondzie et. al., Surface Science 4BLTUE9BDIN39644
174-185; Rowe et. al., Langnuir 1991, , 2307-23 12;
Ross et. al., Langmuir 1993, 9, 632-636; Huang et.
al ., 1993, J. Am Chem Soc. 115, 3342-3343; all of
whi ch are incorporated herein by reference.[0063] The
present invention further includes regenerating
hydrogen prgduci ng conmpound from spen npound.
Regener at j/ig hydr ogen produci ng congound f88m spent

conmpound Y nclu st ?br‘eé@rgwrre cting a spent
ith ydrogenmfo produce conmpound having a

compound
formul a RSXH ™% hereby regenerating h d‘ioigen produci ng
conmpound from the spent conpound. Vari met hods by
whi ch a spent conpound, such as a dineric conpound,

[0065] CaMcdoRdifil €51ih ekhods BEIEESreas iRaubn, Hydidienani alshbe pRoduced

the dineric conmpound is a disulfide, exanpl e,
by dehy@nogmartxoa@f@md@éarb@mmgtm frarhykyeses peefucing empoand, ' whetein

the deh}tt':_igég%lrxatéé%ﬁ%cﬁgﬁggﬁ g&gﬁ:ﬁg&%&%@%ﬁ% tﬁ{eé d;{l sﬁltﬁjutaw GII”hus in

another Bybodigrnt dHthé preserm itveheoionpy mettod! of istoringyerid pgedheingdrydrogen

for use iy gPRerAn HEABUSCIGYS TeRUg NI ORI GERLTY dipriucing
hydro ge raﬁ(i‘ ﬂ%l&? 9|f§ le%f ﬁf(ﬁf@l V@x(ﬂé Wnkétalk%ﬁbﬁﬁﬁéjid ﬁfo&w&q{yﬁfﬂgeh Qas

|nt e art for exanple
and a sp@attomtpohhd A,sfseﬂt c88ouBd ey m@heie foalexqmpies 4 a@ep@mdelmrmg a

formula ég%};}?@@? Hé%ﬁé%&%%[?ﬁgeg%# g[g‘ 263"&1?5%1& Rag® any

dehydro%@rﬁd?%eﬁﬂﬁ% P ok BRoblindtRnGhere6f. €SilifaBleyR igfoups are as defined

ssocl ation of water, reform ng of hydrocarbons, high
above. pressure storage, etc.) Where the inventive deV| ces
and net hods are perfornmed, for -exanple, on board a

[0066] hygftﬁ) QX\S‘tE or mﬁg{ﬁ]? Jtog%? é‘t&? gét?:ﬂ@}? &é’%eﬁ%uct I on

hydrocaﬂﬂm mslety" ofai h}ﬂrd gent @toldmnm@cmnmdf aceordifgtothe poagent invention,

producti on, f-board” the vehjc
i catasfie Aeb P GRRatioR TESErBEP 15 D6 ABHS AV GG hyrgention. The

f
it G o o8 il

hydrocarhomlcﬂﬁhydn@gemmnpn ispbténtiolyeanype ganic meprsulecthatscontains hydrogen. In
normal %a)@%ﬁ: by S g?pb ﬁg}? ﬁ‘a’g &@gg%sq\%uffﬁce% é‘l{lsfthg gofd)bng%wlégxg hyc{rgéen

molecule homolytically (H-H 436 kJ/mo1le) and the catalyst forms a new bond with

hydrdgen. Because these new bonds lack stability, some of the hydfégen atom can leave the
‘surface as hydrogen gas. According to the current method of hydrogen production, a
hydrocarbon moiety (e.g., R as defined above) of the hydrogen producing compound is the
source of hydrogen. ThlS hydrocarbon moiety is passed over the catalyst and the catalyst
surface abstraéts hydrogen from the hydrocarbon moiety and forms a bond with it as Beforé..
An examination of some of the bond ehergies for hydrocarbon mbieties.(e. g., CH3-H 440 |
kJ/mole; CH,CH,-H 421 kJ/mole; CH;CH,CH,-H 423 kJ/mole; CH;=CH,CH,-H 375
kJ/mole; (CH3)sC-H 359 ‘kJ/mole;,CH2=_CH-H 465 kJ/mole; RS-H 367 kJ/mole) and a
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hydrogen to a thiol to regenerate the hydrogen-rich
thiol. For exanple, a disulfide can be converted to
wohoaloskss2cat al yti ¢ hydrogenati on, as exenpl i f Peu/uSR004/039644

the two reactions illustrated below R- - + H. 2 R
SH netal catalyst+ H, netal catal yst [0065] According
to the nmethodsof the present invention, hydrogen can
al so be produced by dehydrogenati on of a hydrocarbon
moi ety of a hydrogen produci ng conpound, wherein the

compariS VARSI BT érfePriQCHith $haB6HH dRAS] by didpen (HRH 36K 618)
a netal substrate. Thus, in another enbodi nent of the

suggestqdhetsa@mof ﬂm@moulqgnlesatrmamblﬁ qfflogng)hydxagmowwh%?%yst
Howeve; ﬁg ?}gr tfg9 Fholéec‘ fhal é}l%{' égﬂg Pﬁf)ﬁ%n%lr@o H QEér losmg hydrogen

(e.g. propyithe ﬁﬂZ-&iHﬂh)ﬂmpﬂge)a Iﬁ Oflmaiaimﬂefh eyélfhhewltmomtymﬂie selected
substrate to produce hydrogen gas a

becausedtrapdesedhren males At ygEpdsn e ToEha VA %593%6 @&atlsisﬁﬁﬁ“{f
ConverFTSUACAD LG LA g BRERR G, o cxample
U.s. Pa«éﬁmdrigwa%sedndblakm stal.l Gatlytiz Io‘,yﬂxbgmtlbmnf mamefco :

Coeon et e SPGB PR, WASE st stp ot

process ?ﬁ!ﬂ}éﬁf&l i1 ey dp¥ SnQRESTD Odhy Bibf tat @hn Prdthude @grble

uci n ound accordlng to the present

radical is svitablg fon ;ha ai)omtealcyon cHuydtogarbogarelequdes qanalsorharifestive for .
e as «catalytic hydrogenation. The difference
hydrogqnsprgﬂlgl @ dsﬁ'ogen source for this process of
hydr ogen producti on by hydrocarbon dehydrogenation is
[0067] P OE}@diﬁpl&lyl SHpoyndyr gaable fbﬁktemgb end patduciiort of Isirogen by

dehydrogapatiop it bydioraben BHQisiN SnaIINE Bor R TR BB AR el
hexanetﬂf%{l ec&&lloﬁ ){lﬂgﬁ'} ol Ln@? hﬁég&lgh&aﬂaﬁml&]/ Gﬁie? tx@fled BEcompounds

'a new b w th hydrogen. Because these

sultablerfewh)bbmgm denerktist bipidehydrogenatien of a hixdroparlien grmetatlmhlde the

followu(l:ga(?omp%%\ﬂgs 1tllustrated in Flgures 4 and 5.

[0068] The compound 1,4-cyclohexandithiol and gold are 'used to exemplify prodliction of
hydrd gen by hydro genation of a hydrocarbon moiety of a hydro geﬁ producing compound,
according to the present mventlon As iltustrated below, when 1 4-cyclohexand1thJol
contacts the gold surface, hydrogen is instantly released and the 1 4-cyclohexand1t1uol is
converted to spent compounds d;thloparabenzoqulnone and / or 1,4—benzened1thlol plus

hydrogen.
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surface as hydrogen gas. Accordingto the current
nmet hod of hydrogen production, a hydrocarbon noiety
woeow/05382as defined above) of the hydrogen preduaiSng4/039644
conmpound i s the source of hydrogen. This hydrocarbon
noiety i s passed over the catal yst and the catal yst
surface abstracts hydrogen fromthe hydrocarbon noiety
and forms a bond with it as before. An exam nation of
sone of the bond energi es for hydrocarbon noieties -
‘Bxampld:e. 9., CH -H 440 kJ/nole; CH CH -H 421 kJ/nol e; CH CH
: CH -H-423 kJ/nole; CH =CH CH -H 375 kJ/nmole; (CH) CH
359 kJ/ ol e; CH =CH H 465 kJ/ nol e;]| RS-H 367 kJ/ nol e)
and aconpari son of their bond's giEs with the bond
en?fgy of hydrogen (HH 436 kJ/|tol §) swggesis that any

 ofathese nol ecul gg|gar e capabl 051 Ng hycfrogen atom
HoStIPE @pt‘alyWit i siér for those that
Safr geper at e re stable nolecule after losing

H =

(e.g. propyl ene Ritviopanahdnzoguiimes). | n one
plie, a cycl ohexyl noiety can be sel ected because
Hit gan Idse t hregop! esof hydrogen to forma very

st@blp’ ar omat ~e—structure. Converting the aromatic
grgﬁ‘gto cycl ohexyl ety is a knowh process (see, for-
ex le, U'S. Patent No. 5, 189, 233; and Makal et al.,

. Catal ytic Hydrogenation of Bd cp &1 Cycl ohexane in
A1,4-Qy(§§fie>§$}?e%ﬁhio?°" (1989)- PL 14675 Furthergore, since

I'rst step of the. proces ANt | at ed” By
honol yti c cl eavage, in theory, any attomthat can
produce a stable radical is suih,ble for the above
reacti on. Hydrocarbon nol ecul es 'can al so be effective

for hydrogen production (F guge 5). | 7] . Exenpl ary
: (r:]ogpoundsbsuidt ﬁblde for ts.t oi’ggféeﬁﬁé"?é'mcti on of ‘
ydr ogen by de .Qgenat.i on_ of. r acar.ho | L
10069 | HERhED FpPOBRIT HBOPTRRRAHPONE Rt AnGbHPsedthiol are
separate?%ﬁcﬁﬁ ﬁ&(‘i}‘og&n, SRR B gﬁﬂ{']bplche vafidus methods known in the art for

-cycl ohexandi t hi ol.. er exanpl es of conpounds

separatisgihydibgen from aHigwid gueh aychediugn Biffarenspdn dianbeiliag peints or

: hydr ocar bon ety include the follow ng conpounds
bymﬂ{ﬁgﬁpﬁ%@&rﬂet@%r es 4 and 5. [0068] The conmpound

, 4-cycl ohexandi t hiol and gold are used to exenplify
[0070] PrDEdIsehpiongiouhifisiprogaceddy thy delgirogdnation ofaction are capable of

hydr ocar bon noj ety of a hydrogen producing_.conmpoungd,
being re-hydrogenated, thereby rggengrating 1¥1e spent co’r)npoung to gform"?mtaﬂ% for re-use ‘

in hydrogen production. According to the below example, the dithioparabenzoquinone and |
1,4-benzenedithiol can be chemically reduced to 1,4-cyclohexandithiol. In this ﬁrdcess, fh‘e
molecule ié re-hydrogenated or “recharged” with hydrogen and can again be utilized for ‘
producing hydrogen that can be used, for example, for generating energy. Various methods
by which the hydrocarbon moiety of spent compounds such as dithioparabenzoquinone and
1,4-benzenedithiol molecules can be chemically reduced are known in the art and include, fqr
example catalytic hydro genaﬁon. ‘For further discussion of hydrocarbon hydrogenation, such ,‘

as catalytic hydrogenation see, for exampie, Botaiux et al., “Newest Hydrogenatiqn
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according to the present invention. As illustrated
bel ow, when 1, 4-cycl ohexandi thiol contacts the gold
weundsasss32hydrogen is instantly rel eased and t RET/US2004/039644

1, 4-cycl ohexandithiol is converted to spent conpounds

di t hi opar abenzoqui none and / or 1, 4-benzenedithio

pl us hydrogen. Exanple: H/ 4H S H Gld HHH

Di t hi opar abenzoqui none / Gold , 4- Cycl ohexanedi t.hi ol

3H, H 1,4-Benzenedithi [0069] The spent conpounds
Catalysts?] 119ar8R4H ABRB2BAUEH 9985, NS1-599 and 148, thatene Ned 51784552 salkof

separated from hydrogen, for exanple, by any of the
which are incorpesatedheredd YRAEICEn the art for separating

hydrogen froma |iquid, such- as by the |arge

difference in their boiling points or by menbrane

separation nethods. [0070] The spent conpounds

produced Yy the dehydrogenation reaction are capable

of bejng [fe-hydrogenated, thereby regenerating the

‘spentH > d to a formsuitable for re-use in
" hydr oge pducti onyy A 4ng 'to the bel ow exanpl e,
the dift i’%%&wg

‘hingparmbenzoqgd né énd 1, 4-benzenédi thi ol can
. .be chem cal'ly rMycl ohexangjtgi . In this
process, the nolecule is résmydrogengjed H

Dithiopanabedzoguineneéydr ogen and can agal 1|4 zed

for - H
o H
H\s H, , catalyst H /s
H H H
H ~H A 1,4-Cyclohexanedithiol
S, .
H

1,4-Benzenedithiol

[007 i] The present invention further relates to a method of regeﬁerating a hydrogen
producing compound from a spent compound. Such a method includes receiving a spent .
compound frém a device for pfoducing hydrogen for generating energy, and reacting the
R spent cdmi:‘ound with hydrogen to produce a compound having a-fomiula R-XH, thereby

regenerating the hYdr6 gen producing compound from the spent 'f:ompound.

[0072] B The steps of producing hydrogen for generating energy and the step of
regenerating the hydrogen producing compound from the spent compound can occur at the
same location or lbcatio_xls of close proximity. Alternatively, the hydrogen: production step
and tile spent compdﬁnd regeneration step can occur at different locations. For example, the
hydrogen production step can occur in or on-board an automobile, whereas the spent
compound regeneration step can occur off-board or separate from the automobile, including,

for example, following removal of the spent compound from the automobile. In one
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produci ng hydrogen that can be used, for exanple, for
generating energy. Various nethods by which the
woydismsagsbon noi ety of spent conpounds such asPCT/US2004/039644

di t hi opar abenzoqui none and 1, 4- benzenedithio

nol ecul es can be chemically reduced are known in the

art and include, for exanple catalytic hydrogenation.

For further discussion of hydrocarbon hydrogenati on,

such . as catal ytic hydrogenation see, for exanple,
example?ﬁ?@hétxmgi ofgdpent coﬁkjmend cdﬂycatcmgﬂrmseiminéjataﬁbiy,gnalbgous to service

rocar roc

stations pqag eB3s skgblong; trpg s@gg, etca) qhat(ﬁa‘e ﬁﬁ{f&ﬂt}}é}l@’qeﬁc Megp dhehydrogen
productigfi'o Eétﬂs Qtya ﬁf&%{éﬂﬁﬁt stich as%%ﬂhiﬁé ( ., home, business, dwelling,

arabenzodul none H H cat al yst
etc.), the égéi)mzittﬂnmamatsdmmr@t thezbusémge ﬁm astel bpat[w@nth@buﬂdmg

ot in R SRR B8 oL BB by, o con

occur atSAB&tiof AHRGHRdhanSHe BuRdifiRt hod i ncl udes receiving a
spent- conpound from a device for producing hydrogen

f
[0073] W°%mg§£&8§é21%@”f§%gmﬁt”e§ (%S AGUiSA ORI G Y GORET I
generatlg'g %(gl%rgy] dgfcfeeg%e E%Qﬂ%t il grlciﬁ}fesg)\/éi{)ﬁgg ResPrvefURapRd to contain

romthe spent conpoun 72] The steps of
a hydrogkﬁﬁsiu@udi@ doneliovgd hating ademelaRi-KEl, svhergl isamiorgasicaneisty and

X is a reaREVEEIFEy AT R o8 ETBGR o S, Sy EBi A T g BF dovice
further irlﬁngfglﬁéé PRSPl (})%{rgt% %dﬂft@d(iorﬂeﬁc‘{ the%?cﬁ{) Bé proghoding Ebﬁpound to

en production step and the” spent” conpoun
producerrgglecrgen ahs aml sperpeompound eud/ozan Bi-Xicompeund ngelmd tgrfhe metal

For exanpl e, the hydrogen production step can occur in
substratgy on- board an autonobile, whereas the spent

[0074]  In an embodiment Where the reaction of hydrogen producing compound with the
metal substrate produces compound bound to the metal substrate, the device can additionally
include an energy source capable of disassociating the bound compouﬂd from the metal
substrate.to produce an unbound spent compound (e.g., a dimeric compound having a
formula R-X-X-R). The energy source can include, for example, a heat source or a UV light
source. Where the device is present on an automobile, for example, the heat source can
include heat derived from a hydrogen consuming device, such as a hydrogen combustion
engine. In another embodimént, the metal substrate can be adapted for removal from the
device. Tn such an embodiment, coniplex comprising metal substrate and bound compomid ~
. can be removed from the device and exposed to energy from an energy source in order to

disassociate bound compound from the metal substrate.

[0075]  The device can also include 2 reservoir for storing the spent compound. Inone
eh_lbodiment, the reservoir for storing the spent compound is-adapted for removal of the spent
compound from the device. The device can additionally include a regeneration chémber

adapted to react the spent cbmpound with hydrogen received from a source external to the
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conmpound regeneration step can occur off-board or
separate fromthe autonobile, including, for exanple,
wbabdsmssssg renoval of the spent conpound from PUE/USZOO4/039644
aut omobi I e. I n oneexanpl e, regeneration of spent
conpound can occur at a service station, anal ogous to
service stations (e.g., gas stations, truck st ops,
etc.) that are currently utilized. Were the hydrogen
production occurs at a stationary unit, such as a
device t§ PFdaRbE S céBpSund MR a fOHEHIARSKH, eidblyir egenehﬁng thetspént
regeneration can al so occur at fhe buil such as a
compouhédtna faym smtahlprfonméirqunrpmdvgu@h dThedeyicssef the dxvemtioy is o

amers 15 R R Ao DR

generatd diRrdtdandhélgde, [f&(b&ainplléh eorpumirgthe hpdrepén @as frua hydrogen
relates to a device for producing hydrogen for

combus@emensing digna@fEelsgll. A device of the invention includes
: a storage reservoir adapted to contain a hydrogen

[0076] P rﬁ | NGy r!?géﬁ >£H9d1ﬁt1519 hiRHeBerRration WhesR 38 ahd device

rgani-c nol et is a reactive noiety selected
32 accofdmgnotdmeemhcmlupentfof ﬁwl ihwentionx Fheillustatad system inpludahafilling

* ion £ 4ok o RIS 5 B TE e85, AR Ptation
36. Thefweﬁdzréégﬁrlnsﬁae@maoﬁgefaseﬁ@ime ldﬂﬂ)t@d%/c@htzﬂﬁ afrydréRapeediting

. bound to the netal substrate. [0074] I n an enbodi nent .
compotmrﬂ éaeng ladormaula Ri- XHoWth‘r Rdean greates10itycips intslesfedirom
substr,

s, 35 BRSPS K0 NP SRR A Mt 0

adapted%‘ réABEIhe YoMPuikEiogRedlte 8pdit cothpastiant i RK td’rﬁpdnmdrlfbund to
ound fromthe nmet al substrate to proguce LI‘H
the meta] 158 40 and hy ﬁg%gﬁf (athe exergpfighsmipo g device

1nclude§1:§%]' @%ofcl{aﬁ?ﬂgyhfcﬁfténﬁg%ﬁe mIQFsrﬁ;@ﬁﬁtgnoscﬁidrdﬁeer& ; source 44 for "

exa eat source or i ght
disassociated the. R-Wheorapduind bdmwd toahé mepil adstrate di Mradrt@rmamﬂbeund

spent comRaNY (e AUREH ST R e[RRI S5 T ARl 2 forther
mc1ude§&£éaer%ir% fo‘&bl‘iﬁ‘g Jieﬁt @msd%ﬁa VIO Sin B hidapt e foreémbval of the

. trate can ted for renoval fromthe device.
spent campasind Ifromtlerﬂ@msten@h@ resst'dm 6 nd stetage se BRI Vels cal be separate or

substra e an d b r rem
et 3RS SO ORI B ST NG A
embodifReHe fhet‘tﬁm‘ler 47 can be a moveable b.arner, in which the position of the moveable

barrier defines the volumes of reservoirs 38 and 46. The position. of the barrier is influenced,
for example, by the addiﬁon er remc‘wal and, therefore, the relative amounts of hydrogen
prodﬁcing compound and spent compound in reservoirs 38 and 46, respectively. For
example, where the barrier 47 is a meveable barrier, filling of the reservoir 38 with hydrogen
producihg _'compormd can c.ause movement of the barrier 47, thereby causing an expansion of
the volume of reservoir 38 and a corresponding contraction in the volume of reservoir 46.
The system can further include a hydrogen consuming device 48 adapted to accept hydrogen

from the device 32 of the invention.
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di sassoci ate bound conpound fromthe netal substrate.

[ 0075] The device can also include a reservoir for
webkwsioasgsthe spent conpound. | n one enbodi nent PCThS2004/039644

reservoir for storing the spent conpound is adapted

for renoval of the spent conmpound fromthe device. The

devi ce can additionally include a regeneration chanber

adapted to react the spent conpound wi th hydrogen

Teceived froma source external to thedevice to

[0077] pr@ﬁétﬁﬁo@op@mtmﬁlmice of thefipvention 1Rdi’§bhssécﬂl afilrgference to
re eneratl n the spent conpgound to a formsuitable for

Figure 2n\Hiydsggen pie deiBE pompoupd e B Ued osEofioD Ay EMSTaRed Boma
filling sﬁﬂgﬁ] §E It(?tlﬁ (qufc!e lr%g %ﬁ%l%@% rzgégigéw PREEHA Surh I ng&?ﬁf b re 2) is

gas t ate en
typ1ca11y:m1hqum foreteandf can be st ia thesiom perresgrioire3 hifite digure Qaﬂep 2).

S TN R E
hydro geg%g QH{ i Flgﬂre% $hé& PerPciiifburle ¥h&or 3{2X%ﬁﬁfo@hﬁ' Gotuft @the metal

ment "of the invention. The il|ustrated system
substraté AQ (Sebddigaref2, ktep ﬁzg Bheshyidorged produced fiovethgaeaasing step can be

N G R RS TN T p—

engine (S8SEIgned 2, s%éi) /dame ﬂdxtc@n@@micabdunai 16)he AEeI sibistdteci0@mn be
ound having a formula R XH, wherein Ris an

dlsassoo@atgﬁ*pm e imatal Sabﬁﬂfa% 40bysappleation 9hensisy fFomen eggrgyspurce 44

o prod B SRR LR A SRR S kA Uy R s
Figure 2};3 @ﬁpgt)utn B‘o{lﬁwmlga?al?l%ss@ion:smppmﬁm cgn;ibmd ﬁn)beamﬂffpﬂamd‘or
example, B BocS BN TAPR A IBEN LA AT 10 BFSEN Ot o0 dfsdotipe shent
compouhﬁ gﬁéé ﬁgﬁg% r6 Apdn® Uér@) g%aﬁ e l‘éino%@ ?xtoh?fh% rérvoir

rce 44 i sassocl ated the R-
46 ata renwpaiwmtldmdﬁ'(d;ee Blgui'an sepd) asmméiseamﬁlt]yﬁegeerCbmrm

ound s e. di meric mpound
suitable L AYABO B AP AAn FE B SORE e eil EammSuy oy
i ncludes a reserv0|r 46.for storing spent. conpound

[0078] V\hAGébr&ﬁh@lgb eheAftaRRheidvéion REBYIAlesAb ah BSsehidiy for@:@diﬂmiﬁg‘iand
e

mt he vi ce. The reservoir 46 and storage

utilizing lsgleegesi rin oap embodimsat theassambly infludes s ﬁ}'ﬁ%u@bf?( @%ﬂ%ﬂg
t
o 08 SO BRI el A Usons

unit is adaptedity gecbputydeogen fomhe €ikst uhie. Thsifirstamitdhclnbes a storage
reservbnr'rgéllaep%g(i t% contain a hydrogen producmg compound having a formula R-XH,
wherein R is an organic moiety (see above) and X is selected from the group of sulfur,
oxygen, and selerﬁum; and a metal substrate adapted to react with the hydrogen producing
compound to produce hydrogen gas and spent compound and/or an R-X compound bound to
the metal substrate. The second unit can include a hydrogen consuming device, such as a
hydrogen combustion engine or a fuel cell. An assembly of the invention can be contained,
for example, within an vehicle 61‘ automobile. An assembly of the invention can ad'ditibnally

include an energy source capable of disassociating R-X from the métal substrate to produce a
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barrier defines the volunes of reservoirs and 46. The
position of the barrier is influenced, for exanple, by
woheosadshsei on or renoval and, therefore, the reCatsy®4/039644
anount s of hydrogen produ0|ng conmpound and spent
conpound in reservoirs 38 and 46, respectively. For
exanpl e, where the barrier 47 is noveable barrier
filling of the reservoir with hydrogen producing
conmpound can cause novenent of the barrier 47, thereby
spent (e.£3 4 B ADrEIOAAA Sl 8 Forkiea ROKINIR) OThE @EY Qb vircd8agnd
cor respondi ng contractlon in the volunme of reservoir
. include, 4. exTtoples y beaswowrae of yPivhlight seisreide a hydr ogen
consun1ng devi ce 48 adapted to accept hydrogen from
deV| a
100791 ¢ Sheenily G i ifick RERHTol Bk tiRBERcb B dingy mn one
embodmﬁéﬁt eths R&ervoir foit Gortirgg tAe sﬂubml bmgpdsur(dns) ddapwdgfonmmpoml@f the spent
., liquid organotqlol nsf ed from

compows(id fromyige é@‘a@q orhengsemp

Y. ﬁ%n X rﬁgﬂ‘ﬁargtl%n chamber
adapted Fo I%Qctg}i)? p &B\Ila{ll-ﬁ éb"e?vea)frdﬁ akdiRbC@kieyndl fo the
rm and can to In the storage reservoir

device t&ﬁro@ﬁe@a Eomppound haviag ea;fom)ula RpXH thernbydegenbratingrihe spant
reacted wi.th a rea%tlve metal substrate 40 to

compomrﬁ pR)g £or hydrogen PRAYEH- 2) and spent conpound
and/ or R X conmpound bound to the netal substrate 40

[0080] ( Sﬁgu ol OfFtRerdIlustia®R s§atem“5b%nhndm@g 3 awo@ding@hﬁ hﬁmoﬂhﬁent of
reaCting step.can be directed to a hydrogen consum
the invenléari. c& désice 52 ofithg nventiorpanchs Ipcaed éowf&mgeewﬂnn a vehitle 54

i TR R BI85

includes \‘&?ﬁcﬂ@ 64 ﬁﬁﬁﬂ% fHeQivich 62 nfet plodacibg hydrogentfor lggnerating energy,
application o

service e A% o8 8 FEPPOBHPERES 0 on RHEOSER B CERBBHILS2 o8-
liquid o&ﬁ%ﬂﬂﬂﬁs fn?{awéféﬂr@d B5218E RrliceKatidDs¥ & ZstodpERsEtvoir 64 of the

e disassocl ation step, spent conpound can
device Shﬁo@ﬁd:d Wﬂ;hmdhe Yahicle Sfan‘iﬁh@com;ﬁcnmd 6Conul ba seactednvih@ metal -
‘ formation of _a |i eglp narese voir 46 for st
substrateg égrpfpog ao p gﬁ?@nﬁas ap fpegg co%o‘éxml 6’296&{‘1%%
compouﬁé‘ge % 81 aRGthicBID) %Qné fPtRE el sE5RIaedd. ARk Btrcgdegm\cah be -
6 See Figure 2, step 7) and subsequent I éﬁ
on

delivereridg) éredr}@ltagﬂn consunfing dﬂvm S6dlior serreanting raeteyaniliped dwy
7
operation I T 52 Fa® P Lanpo AR Bl Memgs o s e

disassocife® ﬂ’@.’mythé ﬁfetaﬂ’ Vsﬁlﬁ:ﬂﬁlef@ thcatlon of energy from and energy source to

produce a spent compound (e.g., dlmenc compound R—X-X-R) The spent compound 68 can ‘

UII

o)

| be stored in a reservoir 70 and ultimately removed from the vehicle 54 and located, for .
example, at the service station 58. The spent compouhd 68 can be regenerated to a form
suitable for hydrogen production. Regeneration can occur at the ser\{ice station 58 or at .
another location. Hydrogen producing compound and/or spent cqmpound can be transported
to and from the service station by the transportation means 60. A transportation means |
suitable for use in the current invention can include any means of transferring a liquid frqni’
one location to another, including, for example, conventional vehicle transportation means

(e.g., truck, tanker, ship, etc) as well as by pipeline or other method.
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utilizing hydrogen. In one enbodi nent, the assenbly
includes a first unit for generating hydrogen and a
weecsmd3ssni t for utilizing hydrogen to gener at ECENSR@Y/039644
wherein the second unit is adapted to accept hydrogen
fromthe first unit. The first unit includes a storage
reservoir adapted to contain a hydrogen producing
conmpound having a fornula R-XH, wherein.Ris an
organi c noi.ety (see above) andX is selected fromthe
group of sul fur, oxygeXAMPEESE! enium and a net al
' substrate adapted to Teact wth the hydrogen produci ng
Hydregendroduction Follawving Repation ehany Qsgannthioh @ %Q@&lﬁmbstrate
L $nd/or andR-X conpound bound to the metal substrate.
on ‘ . : ' -
o011 Ao 3Ef it i dUfiechol 4 QARRAEATRITH Arogen gas
produce® BY keactifig agaasthio) cafipsingds withenmeétarsubstratb eThorxeanplifikd

_ for exanpl i thijp i cl bj | e. .
reactions g seaoRgucird PYErom N FReIdah R AR o FRan duciag
reaction%e'??% ?%geci %Ulﬁ(ﬁn% Q?gﬁ%ﬁenoin et a8 A biiet. "Reddtidnd were édiRlucted

ubstr at roduce aspent (e.g., a dineric
by placis@raactiviimbterialsgn thefchambéraofihevessaR) reacting teqyaptgtiakpand e

. i,ncl ude, fq le, .. . '
measunég&)lgm,eé)g(&.«{%@g ?gid%%q@(yggg g?mpsn.lglgﬁ&&%ggﬁqgﬁ g%ggceg\{n% ﬁ{l}vessel
via the iﬁﬁgﬂm&oéﬁrpr&!&éél B tHetactdA Rias ¢aipddITEbm the vessel via the

enpodi ment; the reservoir for storing the spent . '
outlet. I;Ipm-pgemras analyred eediqyastitatedipy gas chrony %grgrﬁbymncgmﬁs b¥@ gas

romthe dewice. The asse I ' :
coma B RS B AR Caonth fpablen Bl Wiye
TraceAﬁggﬁ@;l,nﬁ,,\M&dbﬂnAdzomgygn recei ved froma source external

to"the device to produce a conpound having a fornul a

R- XH, thereby regenerating the ent, d t:
[0082] 1 ohiposiive ERTED! FERerHYE BB A PORIEIH dMOTIED bR afehat the
o ddEther i 4s SYS ' ; . '
et Y ol 451 gl AR 20 b anidas ol . or
a positivervoatt], asmatnanivent efsatlied) (10620 mghwes wldcediin therchamber of a

vessel, Ve e vegus ol e Bamoer s RS 23 Al HiRI5 el wag hen
sealed ahd BeUd@mbar é’v&%@h&é@bﬁé‘a&ﬂﬁﬂi . "Watle30Ge) &8s figther introduced

. produci ng hydrogen for generating energ service
into the flask arsireB@ed wifhl the sadime presenitin the chember. dde reackBhshsen the

. roduci ng _compound 62 . 10U : i [
sodium BRE R ST g Rulyfs or o] o, ARRLIMD the st
Analysi§ 85@k\¢ehtentdbf @fe el chamber by GC-RGA following the reaction showed
that about 10000 ppm hydrogen gas were present in the chamber of the flask. '

[0083]‘ "~ An ekperimgnt, similar to the positive control above, was performed using an - |
organothiol and a metal substrate. Hexanethiol (99%) was purchased from Aldrich chemical
company. Gold powder, spherical, APS 5.5-9.0 micton, 99.96% (metal basis), S.A. 0.05-0.2
m’/g was purchased from Alfa Aesar. Gold powder (300 mg) was placed in the chamber of |
the vessel (about 5 ml in volurﬁe). Following sealing of the vessel and evacuation of the -
chamber by vacuum pmnp; hexanéthiol (1 ml) was introduced into the'chamber of the vessel. .

Following the reac’tioh_, the contents of the vessel were analyzed W1th by GC-RGA.
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device 52 |located within the vehicle 54. The conpound
62 can be reacted wth a netal substrate 66, upon
wdensnd3s3to produce hydrogen gas and spent conmpoumg2004/039644

and/or R X compound (e.g., organothiolate) bound to
the netal substrate 66. The hydrogen gas can be
delivered to the hydrogen consum ng device 56 for
generating energy utilized in the operation of the

: vehi cl e 54. The R-X conpound bound to the netal

Hydro gei%§ Wa@td%tegéd%ﬁle%séil T3 iAhL BHea€adiiofMnlguantifedsJf

trate by "appl 1 ¢ation of energy from and ener gy

approximatalyc3000@ppr.oduce a spent conpound (e.g., dineric

conpound R-X-X-R)’. The spent conpound 68 can be

om0
placed it tHe\dhaRiber 6t the Pesadl and 296 Bp@néthiod im@thmél @8mt)injebted into the

enerated to a formsuitable for
chambelpfogidwmg IR VAEYAGAN ¢ de@&% ‘p’asa%g {985 following dhe reaction,

wes GG 6 R0 SR 200) iDL B 0

analyze@ﬁﬁoﬂéﬂtm debfeeme hyideages igad ¢omrenid ynd i'maemmanspo rExperimental

nmeans 60. A transportat1 on peans tabl.e for
results forydsoganagns cPpigRiRfiraem %quﬁbwewaéﬁaymﬁé%@e&‘gf she B

S om one | ocati.on to anot her,
hexanetfu fh%ﬁgﬁglg%os?m@gﬁjng?olgqconventl onal vehicle
transportatlon nmeans (e.g., truck, tanker, ship, etc)
as well as by pipeline dim_her met hod. EXAMPLE 1 ‘
Hydr ogen Production Fol | owi ng Reaction of an

‘O ganof Bigplew th a Metal Subst r at e Hydégth iffppm

RoomAlPI | OW Mg~ exanpre T ITustriates col l ecti ospend

Positive bAiG f+catiomof nyur OUEM gas pr oduceqiodpg [ eact I ng

r n'\—\

i al
s AL RLLESL \,uupUUIIUD wHtih—a et =t buu re.—The
Pu‘reHeK% do £ r~| eact i GRS PP %bé

L
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reactions, the vessel i ncl udi ng a chanber, an inlet
and an outlet. Reactions were conducted b pl aci n%
[0085] r eEh¢ abnvermpmmaitSWiheretﬂméhQr mem:b@ﬁ ag flescribe m@; but hiydrogen

eacti.n teri aI

sas analy$ ot aHas{Hce i FEbBe B3t PirOtabBiply U588 to mass
spectroﬂn@ﬁr?( - MSHTAlgilvht G EAVES mhatssamst/swm ogetysis b}dGélaMﬂby

reaction was rem)vedfromthev%ﬁ s\‘gnp ¢
conﬁrmod tthealesultﬂytfﬁbﬁg@fpema@nﬁ eithanatysisiby (éé L5 8’6“3)197 °SH§"1°I’ o
hydrogenhby react:t%%r c?rgg}}/dﬂnopgén%luﬂgs Wih thedAStal substrates. Although the
' 1nstrument could not show the hydrogen peak, a negative peak below the retention time of
the room air was determined. This negative peak could have been due to the lack of
background gas (e.g.; He) and possibly the presence of another gas, which has a lower

retentlon time than air. Th1s was interpreted as hydrogen, since it gave a similar result with

positive control
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chromat ogr aph connected to a reductive gas anal yzer
("GC-RAA") (Reduction Gas Anal yzer Trace Anal ytical,
wongos/osss3el TA 3000). [0082] A positive contr oPCT/US2004/039644
experiment was first conducted in order to denonstrate
that the testing apparatus could detect hydrogen gas
produced by reacting nmaterials in the vessel. For a
positive control, a small anount of sodium (10-20 ng)
was placed in the chanber of a vessel, where the
vol ume of the chanbergpxaMppproxi mat er 25 m . The
vessel was then. seal ed. and the chanber eyacuate §b ‘
Hydrmm;mmm Folaveing Regction of @ Hydreqagben Wi %Mf&(j '%ﬁtrate
the flask and reacted with the sodium present in the
- (o L. '
oose) ;3G o g BRI Akl ?W%‘S%%ﬁ“ﬁmﬂ’“@%‘mg
a reactiohioflag@gydtdtarbioh &8&1 a guldinesil satolyst, haisogrebyidrogeration of the
vessel chanb GC- RGA followi ng the reacti on showed
hydrocaghqgtangg;@gqse O%ﬂ‘ﬁydrogen gas were present in the
chanber of the flask. [0083] An experinent, simlar to
(0087 ¢ rlﬁ tﬂé’ﬁs \1 %x:ﬁﬁ’;fl& raalinjabyeY fort VES GIQEMSQKI&HB@cth Wﬂh gold powder
a net'al substrate. Hexane hl(f 990{5) 0
and hoated pIa°Eh aF@adwingmwmg@nd beatingarfithesgold.ohi) ok gyclehsikanol (99%

Aldnch)g\ggq @;ecte%qﬂg%ﬁéﬁ: 11@e<ét§ rr??r\r? '?heoefﬁ'ﬁglgtﬁghss é‘lgc%?%ge@ %E%ﬂ?lby

GC/MS /(‘@e%%ové)?o IRGaR AT the( c%@&hﬁ@)nov\mh theagald andmtohﬁomtgabubGC/MS
the vessel (about 5 in volgﬁa %]f Fol |.o g,%
showed g@agatn@makwb aFelgation %ml SIS IE (LA tBF N0 2t EESUN,

e SRR RIP  HE Prb s O tbrt s

hydro ge@‘é%a Rgfgd%cétf byt the revetionl sz&reanamath;zmjomhydmgarbon compound
drogen gas was

detected TIPBHE R FIeTLNE PhO (6 derosenabd SyiERaRa0D- Noe)

JowiREHRXORKibLAENt Was repeated, as
cyclohe)g%{é . ggte[ggg%oww e dl ader (300 m) pI 24 in

t he charrber of the vessel and 2% hexanet hi ol in
[0088] et Asacbnitd], m)nﬁanpmenwnt wgbdqw@mﬁﬂ@rgd@%wgﬁw No

e SRR SR o 3521 8 ol o
detectePRBS ydioHdkehdl, iAGeinp it ﬂaréidﬁﬁnmncmedrmmhn ghsenagax the gold |

anal yzed in order to determ ne hydrogen gas content
metal sgbstfateet enti on time. Experinent al

[0089] Although the invention has been described with reference to the examples
described herein, it will be understood that modifications and variations are encompassed
within the spirit and scope of the invention. Accordingly, the invention is limited only by the

following claims.
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results for hydrogen gas content of roomair, positive
control, pure hexanethiol and 2% hexanethiol in
webth@nsss3are shown in Table 1. Table 1 Sanpl e PRuUUsSg®A/039644
in ppm Room Air 500 Positive control 10000 Pure
Hexanet hi ol 3000 2% Hexanet hi ol in ethanol . 2000

[ 0085] The above experinents where further repeated as
descri bed above, but hydrogen gas analysis and
quantification was perforned usi ng gas chr omat ogr aphy
. WoRNeClafted @: MBSS spectrometry ("GCMs") (Agilent

G&C/ M5 nodel 6890N 5973). Anal ysis by GC-Ms confirned
the results of the experinments with anal ysi sbhy GC RGA,

drogen by reacting organot hi ol
L. Am&ﬂn%n%ﬂ%ag{agggﬁﬁérgg&g}p% Subst r at es. Al t hough t he
teB&ingliidquid mb@nld@:hpaﬂi@mf plbéudnyglhmegenrmd haviag a formula R-
negati ve peak bel ow L % retentio tﬁ e roomtal r
XH witha et FerFaiTaa Prorics PUgE) 64 PO e MSHORN Bue
generat(% ok | ack o f background gas (e.g., He) and possibly

€ presenceof another gas, which has a | ower
whereinR iseninbizty scllevted foem tiad grpuﬂ' honsisting of an alkpk beterpatkyl, alkenyl,

substitufd Dy gﬁ@;pg]g L o B s BRI L el bt
'arylalk)?{eﬁgl%il@fri% 11@@1 QEFERD BXW Rnégidap, aind$Uﬂﬂ‘ah{aabﬁs thereof;

ol 'owi'ng exanple illustrat es producti on

~ and X issefeotenl fraro theogroup consiitiog of sylir oxiga’ sslepidin Ape hyqlwg%n
hydrocarbon with-a gold metal catalyst, causing
dehydrogenati on of the -hydrocarbon and rel ease of

2. The MeHoATR188, WheRRVihe nittilabaraeseniprisesamiet] saected from the
i nj ector portof a GC/ M5 was packed with gold powder

group cemsistingnf gald; silver,splatinumy ICPBRGTAIIBFFPHY- and heati ng of
t he gold of cycl ohexanol (99%

3. The meth‘od-of claim 1, wherein the metal substrate ‘comprises a metal treated to remove a

surface oxide coating.

4. The method of claim 1, Whereih R is a C,-Cg alkyl, heteroalkyl, alkenyl, or heteroalkenyl
group. | ' '

5. The method of claim 1, wherein utilizing the hydrogen gas comprisesl consuming the

hydrogen gas in a combuétible engine. -

6. The method of claim 1, 'Wherein utilizing the hydfogen gas comprises consuming the

hydrogen gas in a fuel cell.
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Al drich) was injected through the injector port. The
effluent was nonitored directly by GO Ms (see above).
weeaastossaz2of t he cycl ohexanol with the gold an@8CT/US2004/039644

nonitoring by GO M5 showed a negative peak with a
retention tinme simlar to that of the roomair. The
results indicate a |lack of heliumin the detector or
presence of another gas, which was interpreted as
hydr ogen gas produced by the reaction. Furthernore,

7. A mdth6d FBitHind WA 66N hFRERA O usdah geﬁ@@tﬁgoédgﬁg% Bemping:
reacti on was phenol (i.e dehydr ogenat e

I@%@im&wié Pompewncoppriin eXprBNCIIEBY dregwcandhay e ofRragla Ri- |
L Y

and hegative peak or phenol was detected in the control

. experinent. The only conpound detected was
ealleringths AyArogemEasat i ng that no reaction occurred in

_ .t ' L t . .
weri {35 05506 SR R GRS o o QBRI ey,
substitutedgatﬂtml_; egiynyl, Iawl,d)ﬁrpdtrgls altesy, rcb'gbdlkbrh heferpcytlic, wikfylaryjle
_ nder st ood t hat i fications and variations are .
eyl eSO LY DG B PTIH FOLRE comiggons thercof

d X id SIS £8m 11 §RLH M sting O SulARYSRIgR hnt Selehiiind. €d onl y
an l%y t he followglﬁgscl ai rrs.gV\hat is clained is: . A nmethod
of generating energy, conprising: reacting a liquid

o d; bl.e of g hydr o Lng
AT T —.
group cEdstin@ o gUld, bﬂ@r,&ﬂaﬁﬁiﬁn,f&ﬂﬁ@g&ﬂ B&dutyD generate

ener gy; wherein is anolety selected fromthe group
consi sting of an al kyl, heteroal kyl, al kenyl,

9. The %%E‘l%hiotf%iagéﬂ ﬁ%%lﬁ\fﬁ ﬂﬁg%léﬂl%{)stﬁa?er é&naqxﬁg% ShR# Yleated to remove a' |

OXy, cyclda erocyclic aryl,
surface okideabdtilg. aryl al kenyl , aryl al kynyl, arylene, -
oxyaryl ene group, and conbi nations thereof; and X is
sel ected fromthe group consisting of sulfur, oxygen,

10. ThSfkRA %%Laﬁﬁ@, Qiﬁ@feﬁgﬁle Tigeid chipolid RACCOE, lehdthibl.
ereln.the netal substrate conprises a netal selected
fromthe ST ~ ‘
11. The method of claim 7, further corﬁprising disassociating the R;-X bound to the metal

substrate to produce a spent compound.

12. The method of claim 11, wherein the spent compound is a.dimeric qompound having a
formula Ry-X-X-R;.

13. ‘The method of claim 11, Wheréin the disassociating comprises heating the Rl-X bound to
the metal substrate.

14. The method of claim 11, wherein the disassociating comprises contacting the R;-X
boind to the metal substratea with ultraviolet (UV) light.
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group consisting of gold, silver, platinum copper,
and nercury. 3. The nethod of claim1, wherein the
worb@lossasbstrate conprises a netal treated to PEmm$200a/039644
surface oxide coating. 4. The nethod of claim1,
wherein Ris a C -Cs al kyl, heteroal kyl, al kenyl, or
het er oal kenyl group. 5. The nethod of claim1, wherein
utilizing the hydrogen gas conprises consuning the
hydrogen gas in a conbusti ble engine. 6. The nethod of .
15. Theéth@thBa bf ciuhen ¢l Méﬂdow,ri@ﬁlg_trmﬁhg dicagent @agao@ﬁmmst@arogen
‘ consum ng the hydrogen gas in a fuel cel].7. .A nethaod
to produet aspompongd handnga &m?@lifﬂgl -K¥a thsgbyy reganerptingthe compound

e BRSSO Mg 00,0 00

formula R- XH wth a netal substrate to produce
en gas an ~X bound to the netal

hydr o d R suhst.rat e; .
16. Th%zﬂdthpg of glgim déy Wh@ eingackig rﬂéfg%ﬁmgcé’g}l’%‘é Wémyfi?g&n COmpriSes

. D cted fromthe group consisting of an al kyl,
cataly;1€§¥c§'§%%%§§ﬁ.’ al kenyl, substituted al kenyl, al kynyl,

aryl, heteroaryl, alkoxy, cycloalkyl, heterocyclic,
| kyl aryl , . I al ky) , l.al.k | al k [, .
17. ool et 15 P S e e e e

com'oﬁadocénja?d érgﬁttlg&ﬁ(){lgmthe group consisting of sulfur,
P oxygen, and selenium 8. The nethod of claim7,,

wherein'the nmetal substrate conprises a netal selected -

' fromth .0 cgnsisting of gold, silver, platinum
18. m%%&#,O?&%&m%ﬁgﬁW?o@Pn method of claim7, wherein
tOeHRE R P EIRuAd WaMiRhé frfal subshwlio braiatetydrogen gas and a
~renove a surface oxide coati The ne

o rt ) 3% 10. éh d.of )
spent cathpeundompiising: () RaeXHLi whareindarip dehydrogenate F‘g%\é&tﬂ Raj (b

< waThe t ho f clai : K h .S £ d (b):
R, yheRedber Servfoeet il R B ] REPbRkOn of @) and
whereift 8acBl0TRYCR,, and B8 A a moteppindependently selected from the group consisting
of an alkyl, heteroalkyl, alkenyl, s_ubstituted alkenyl, alkynyl, aryl, heteroaryl, alkoxy,

cycloalkyl, heterocyclic, a]kylairyl, arylalkyl, arylalkenyl, arylalkynyl, arylene, and '
oxyarylene group;

19. The method of claim 7, whére‘in the collecting comprises consuming the hydrogen gas in

a combustible engine or fiel cell. ‘
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12. The method of claim, wherein the spent conpound
is a dinmeric conpound having a formula R-X-X-R . 13.
woheosmssdsod of claim, wherein the di sassoci at PQE/US2004/039644

conprises heating the R -X bound to the netal :
substrate. 14. The nethod of claim, wherein the

di sassoci ati ng conprises contacting the R -X bound to
the netal substratea with ultraviolet (UV). light.. The
met hod of claim, further conprising reacting the

ﬁ?%%!ﬁg dﬁ%%ﬁ I U
20. A@%@%‘é a nulﬂ%a&%gyw er eby&%é@%ﬁ%@% ééﬁt@i%g &ﬁ{nprrsmg ,
reaﬂmgmkdqmdt paop e capahdel afprodudiyg hm}e gerf andrhaving asfoemula R;-
o 16 The .net.had of cl ai erein reac '
XH, wiff GohS LS Ce oG DR TerD ot i Bkt FeBtotpd chRptipe”
hydr 0&9 RQIXFP Nwhekdin REH@ demidbspénaibd edlaivetd Ry; wherei n the
pr oduci ngﬁb)g/ rogen and the regenerating the spent

conpo(h)&s whelmn Ri isidehydsegengiedirelefive foRy; oThe et hod
of cI reacting the liquid
conpo acﬁi”t"ﬁ‘a hﬁ%ﬁ@%ﬁ:&’@ab&@ate to produce hydrogen.
&5lfecaiithe hydRze @jpound conprising: (a) R2-XH,
wherein is deh dro enated rel ative 8 erei
whereirj each e RarReg ewbﬁetr A 1BPIgEY méeaead%ﬁb'(seiectg %ﬁ%ﬁ‘-’faﬁf‘?woeﬁlstmg
of an al#ﬁdlé%grﬁalé(ﬁt, l’a%/lé@gglr gﬁﬂgugﬁ%h nlyﬁrﬁﬂahzl AryTDieBdr¥aryl, alkoxy,

ecte consi Stl ng of "an

eycloalla%ljélyéterlobm'ﬂierTihylﬁryyl,, wﬁbkg}qml?ltﬁbdlwlaik?dylfiﬁy'@mﬂ oxyarylene
al kynyl . aryl. teroaryl, al koxy, cycloal kyl,

group, %@t‘@i‘%’é‘}a@P Ho%yl aryl, arylal kyl, aryl al kenyl, .

and X 1§‘§éi%{ﬁ'éé¥ﬁ‘§ﬁilthe &lot %Hﬁmstﬁ‘l@%f QI ?ﬁc)f%%ﬁ @leditin, ah8 hyfﬂ&)@en

clafm 7, wheréin the callecting conpri ses
consum ng the hydrogen gas in a conbustible engine or

fue el.l, 20. A [ :
21, Tod et 200kt Bl AR HRrREANS 0er paioum,
copper, I‘ogm‘hﬁg. a li-quid conpound capabl e of pr odu0| ng
hydrogen and having a fornmula R- XH wth a netal

substrate to. produce hydrogen gas and a spent corrpouhd
22: Thé %@ﬁ{odsolf@ﬁlm 20, wherem the metal substrate comprises a metal treated to

remove a surface oxide coatmg
23. The method of claim 20, further comprising reacting the spent compound with hydrogen
to produce a compound havmg a formula R;-XH, thereby regeneratlng the compound

capable of producmg hydrogen from the spent compound.

24. The method of claim 23, wherein reacting the spent compound with hydrogen comp'rises

catalytic hydro gerration.

25. The method of claim 23, wherein the producing hydrogen and the regenerating the spent

compound occur at different locations.
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(a) R2-XH, wherein is dehydrogenated relative to (b)

wherein R3 is dehydrogenated relative to or (c) a
woandsiosaseon of (a) and (b); and coll ecting theCcT/US2004/039644

hydr ogen gas; wherein each of R, and R3 is a noiety

i ndependently selected fromthe group consisting of an

al kyl, heteroal kyl, alkenyl, substituted al kenyl,

al kynyl, aryl, heteroaryl, al koxy, cycloal kyl,

het erocyclic, alkylaryl, arylalkyl, arylal kenyl,

26. Theéh¥thal ¥ Biéim 2crﬁahﬁ&eoon£pﬁs %&Eﬁﬁﬁg%@ﬂp}ﬂ-ﬁé&npound with the
conbi nati ons thereof; and is selected fromthe group

metal substiatede pragues hydipgan gas eng BerX baymdde themetahaubpyate.ogen.
2 . The nethod of claim 20, wherein the netal
substrate conprises-gold, silver, platinum copper, or
27. Thdﬁﬁéﬂhdﬂ wf cRin 26 Rirthiet dodshridingabaiting 26k RWKET ﬁimpdulne wit the
bstrate conltl)rlses a nmetal treated to regolé
metal S%F#'f&é‘ép&@u@i% ydsagaps apd Ryfhboundiie die metabiulsteo,
further conprising reacting the spent conmpound with

. hydrogen to produce a conpound having a formula R -XH,
28. Thdiaethetyf chaiyr 22 ﬁltuhaxgccnnmisbrgrdiWMiaﬁagalhﬂ R;-&f— pountiioi the

ydrogen frofp the ent nd. 24. The net hod of
metal sybFiTR 0B e K chinin 6 B Gl Do admEPhiP pigound
r . {J on. 25. The
compndir‘%%fggegcfr al rréi %é%&?at\kﬁ%;ﬂgr:rrgh%‘%rgfag?g%ggeng hydr ogen

and the regeneratl ng the spent. conpound occur at

di f er t lo . T net ho cl.ai A
29. Te bRl 7 it RV RSinaBs eneag el el s By g x—is
selectedtﬁ’&nuﬁtxlx-w b Kak R4 endPRONUERNydrogen gas and R -X
ound to the netal substrate. 27. The method of claim -
further conprl sing reacting the R -XH conpound

30. Thev&%@og ﬁg ci[ZE}r ?h ?}ﬂl & & ﬁset%’%lg% 9611915}%69 #ﬁﬂsﬁﬂﬁﬁ&g%gﬁfo%eﬁgas '

maconﬂi@tﬁlle%ﬁgm%ldtﬁi&belhonpr| sing di sassociating the R -
-bound to the :

31. A device for producing hydrogen for generating energy, comprising:

a storage réeservoir adapted to contain a liquid compound capable of producing
hydro gen and having a formula R-XH, wherein R is a moiety selected from the group
consisting of an alkyl, heteroalkyl, alkenyl, substituted alkenyl, alkynyl, aryl, heteroaryl,
alkoxy, cycloalkyl, heterocyclic, alkylaryl, arylalkyl, arylalkenyl, arylalkynyl, arylene,
oxyarylene. group, and .com‘binations thereof; . o
and X is selected from the group consisting of sulfur, oxygen, and selenium; and

a metal substrate adapted to react with the liquid compound to produce an R-X

compound bound to the metal substrate and hydrogen gas.

32. The device of claim 31, wherein the liquid compound comprises a C,-Cg organothiol

compound.
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metal substrate or the R -X-- bound to the netal
substrate to produce a spent conpound conprising R
WO X005/05883R - X- - di sassociated fromthe netal seostUSa08/039644
29. The nethod of claim 28, wherein the spent conpound
conprising R- -or R- -i selected fromR-X-X-R, R
-X-X-R, and R -X-X-R . 30. The nethod of claim 20,
wherein the collecting conprises consum ng the
- hydrogen .gas in a conbusti ble engine or fuel cell. 31.
33. TheAle¥R¥ bE Blafr 3 1 PR ia tROmbMUadgRe bomptisnailat, phtiamey gypper,
conprising: a storage reservoir adapted to contain a
ormercutyqui d conpound capabl e of produci ng hydrogen and
having a forrmula R-XH, wherein Ris a noiety selected
: fromthe group consisting of an al kyl, heteroalkyl
34, ThealekizoYif clafih3$] whertiadhadnkahyibstrate Icymphsesg@d
het eroaryl, al koxy, cycloal kyl, heterocyclic,
al kyl aryl; aryl al kyl, arylalkenyl aryl al kynyl ,
35. The:‘ehr @%‘?cl BaA! W g&?ﬁ QcoﬁBﬁs&mbﬁtﬁbﬁ@glﬁdt her eof ;
ecte e group consi sting of sulfur
oxygen and selenium and a netal substrate adapted to

react roduce -
s6. Thedipbonaiai b oEe O PBfak 2o BeBUA FnAl Fe o emove
asurfacgaﬁdecog{gl The device of claim31, wherein the liquid

compound corrprl ses a C -Cs organot hi ol conpound. 33.
The device of claim31l, wherein the netal substrate

’ i ses.Siy,Vv
57, TR a3 Bk SRR ol BRIV Y edociaing R
X from ﬁﬁlméthﬁsﬁﬁst%@étbpra&;cemeﬁ%n@euﬂd cl ai m 34, wherein .
t he gol d conprises nanoporous gold. 36. The device of
claim 31, wherein the nmetal substrate conprises a
: . ..
5. R RN AT G o ity i B
formulaRX-KeRcapabl e of di sassociating RX fromthe netal
substrate to produce a spent conpound.

39; The device of claim 37, wherein the energy source comprises a heat sdurqé.
40. The.device. of claim 37, wherein the energy source comprises‘a UV light source.
41. The device of claim 37, further comprising a reservoir for storing the spent compound.

42. The device of plaim 41, wherein the reservoir for storing the spent compound is adapted

for removal of the spent compound from the device.

43. The device 6f claim 37, further comprising a regeneration chamber adapted to react the
spenf compound with hydrogen received from a source external to the device to produce a '
compound having a formula R-XH, thereby regenerating the compound capable of producing

hydrogen from the spent compound.
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38. The device of claim 37, wherein the spent conpound
is a dinmeric conpound having the fornula R-X-X-R 39.
woheostssdsee of claim 37, wherein the energy SOBCTAIS2004/039644
conprises a heat source. 40. The device of claim 37,
wherein the energy source conprises a UV Iight source.
4 . The device of claim37, further conprising a
reservoir for storing the spent conmpound. 42. The
devi ce of claim4l, wherein the reservoir for storing
44, Thd 8&iGRENiRBTPAHAEI the AYaREEK pdsaE nscATD taher@tt chigyspent
conpound fromthe device. 43. The device of claim 37,
further conprising a regeneration chanber adapted to

react.the spen nd with. : ce f .

45. AngifiFropnESonpilbe FBTRREhedlshitiil WRRERI HRERIE LT BT .

having a fornmula R-XH, thereby regenerating the ‘
conpound capabl e of produci ng hydrogen fromthe spent

46. The arpoobidls Arlams, gbgreipthshydfogehransumpprdeyice qomprises a

gjg)qlg' .1S used to generate energy. 45. An
hydrog%%%om ﬁ?rg oﬁrsf)ri sing a hydrogen consum ng devi ce and

the device of claim. 46. The autonobil e of claim 45,

‘ wher ei n,_ t he hyd n consym.ng devi ce.conpri Ses a.
47. Thegipmghile EFBIAS Sthomi ediy diEen ¢S ayRE i rgHtises a fuel
cell. Clai.m45, wherein the hydrogen consum ng device
- conprises a fuel cell. 48. A device for producing
hydrogen for generating energy, conprising: a storage
' eseryvoir .adapted to contain.a liquid c ound capabl e
48. A %#M&?WM%&@%WE%W@“ fSPRIPEER - XH, and
3 stRiRIrePRoH ARpRA 36 8t Sid allRuicasthpotint Bapabes o produting
.conmpound to-produce hydrogen gas- and a spent conpound
hydrogemandrtiayingg forayla@a -3 antherein i s dehydr ogenat ed
rel ati v erej I.S: '
B i AR RERAA R S IEUaRRA e i e
and a spent compound comprising:

(a) Ry-XH, wherein R; is dehydrogenated relative to Ry;

=)

(b) Rs=X, wherein R; is dehydrogenated relative to Rl; or

(c) a combination of (a) and (b); h
wherein each of Ri, R, and Rj is a moiety independently selected from thé group consisting
of an alkyl, heteroaikyl, alkenyl, substituted alkenyl, alkynyl, aryl, heteroaryl, alkoxy,
cycloalkyl, heterocyélic, alkylaryl, arylalkyl, arylalkenyl, arylalkynyl, arylene, oxyarylene'
group, and combinations thereof; and : |

X is selected from the group consisting of sulfur, oxygen, selenium, and hydrogen.

49, ‘The device of claim 48, wheréin the metal substrate comprises silver, platinum, copper,

or mercury.
50. The device of claim- 48, wherein the metal substrate comprises gold.

51. The device of claim 50, wherein the.gold comprises nanoporous gold.
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wherein each of R, and is a noiety independently
sel ected fromthe group consisting of an al kyl,
woebt@rosadskyl , al kenyl, substituted al kenyl, al RgmgIS2004/039644

aryl, heteroaryl, al koxy, cycloal kyl, heterocyclic,

al kyl aryl, arylal kyl, aryl al kenyl, arylal kynyl,

aryl ene, oxyaryl ene group, and conbi nati ons thereof;

and X is selected fromthe group consisting of sulfur,

oxygen, selenium and hydrogen. 49. The device of

clai m 48, wherein the netal substrate conprises

silver, platinum copper, mercury. 50. The device .
52. The@lfevmb af qﬁ 48yivbereinribe métah@%batrafg GRBPFisEse welapireatedto remove

£ % The devi ce of claim50, wherein the gold
a surtac ‘FF Shanopor ous gol d. 52. The device of clai m 48,

V\herel n the netal substrate conprises a netal treated
empve a surface oxide coating. 53.. The device of
53, Theciemcﬁpﬁ glairn 484 wéthewmnsmg@gre@m@g frsiringiths spapbpomppund.
' t he spent - conpound. 54. The device of claim 53,
wherein the reservoir for storing the spent conpound
54. Theidevizdapthim 56] whenimtht resérvoindorsyperinig the st vompowrd it hdapted
.~ device. 55.. The devjce of c|laim48, further conprising -
for remoyal ffli spesit FOMPL 'H"Qr#f%? 1%d to react the spent
conpound w th hydrogen received froma source exteérnal
to the device to produce a conpound having a formula R

55. The—@éﬁcemlﬁe}aabytsr Aytheeconpitising drsgonsmysionrhambpadsaptedfto react 'the

rodu en-fr t he s ent .co nd
spent oo SR S Dbl oS RE b SRR o e
compouﬁ@hg\ﬁﬁg b 8B RL O, tBefebyYegaisraifptht Compsmid cpatie af

hydr ogen consum ng devi ce and the device of claim 48.

producirgghydrogendfoern tabspeat eompobad.m 57, wherei n t he "hydr ogen
consuni ng devi ce conprises a hydrogen conbust i on
engi ne. 59." The autonobile of claimb57, wherein the

56. ThelthedHca O BlabMASYWhagindhy hgdrogangusiisesedao tamdrate ehérgy60. A
met hod of regenerating a conmpound capable of producing
hydrogen froma spent

57. An automobile compnsmg a hydrogen consummg device and the device of claim 48.

58. The automobile of claim 57, wherein the hydrogen consuming device comprises a
hydrogen combustion engine. ' ' '
59. The automobile of 61aim 57, wherein the hydrbgen consumihg device comprises a fuel

cell.

60. A method of regenerating a compound capable of producing ﬁydro gen from a spent
compound, comprising: |

_ receiving the spent compound from the device of claim 42; and
' reacting the spent compound with hydrogen to produce a compound having a formula
R-XH, thereby regenerating the compound capable of producing hydrogen from the spent

compound.
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conpound, conprising: receiving the spent conpound
fromthe device of claim42; and reacting the spent
woaeoppmass32wi t h hydrogen to produce a conpound RaYiusS00a/039644
formula R-XH, thereby regenerating the conpound
capabl e of produci ng hydrogen fromthe spent
conpound. 61. A nethod of regenerating a conpound
capabl e of produci ng hydrogen froma spent conpound, .
conprising: receiving the spent conpound fromthe
. : , .
R A il R i S R e bl
compounHonmprsimeby regenerating the conpound capabl e of
pr Qduci hydr ogen from t he spent .compeound. 62. An
B Suine P s Gondnen G S F P BN RS e
e thé BSbnt orhpdimb with Rydr&denb pEbduca g chinpoagemayingheformula
first unit conprising: (a) a_ storage reservoir ad&pt ed
R;-XH, thereniegeneraiingitegieom G@@?@l%‘éfdﬁﬁg‘@l’éﬁ hygregsndramy the spent
: hydrogen and having a fornmula R XH, wherein Ris a
compouﬁ%.i ety selected fromthe group consisting of an al kyl,
het er oal kyl , al kenyl, substituted al kenyl, al kynyl,

aryl, heteroaryl, al kgxy,  cycloal kyl,. heterocyclic,
62. An gsseybly fpr produging|apg piiligipg h&irsegm |°9%3F§1P§1 kynyl ,

hfdibons thereof;
%ﬁ*f‘ﬁﬂﬁgrﬁ?g‘g{?}ﬂég’ﬂ%‘%‘?}ﬁ{@gﬁg‘é‘r%glﬂg%gg‘lﬁgi sting of sulfur,
oxyge(s) aatoageakenvaimdagateddo Contaia adiuad coropamdgepable of
adapted tq react with .the |iqgui yund to produce
an R- Rfoéﬂﬂﬁﬁg OS%ﬂg‘naglﬁgﬁegﬁﬂglﬁﬁg@'g.st rate and
hydr oggBrefaR is #fdicly $EMtrstithe £10hp Ybhdidtimb oG aiytypgen
to generate energy, wherein the second unit is adapted

to achepoalkylrtkgeyl, substitutddelkenyb allymyt, _meterh@'yl, alkoxy,
Sﬁggﬁﬁ@%&}%ﬁ%@n@g&& m@i, r&f}lg}iyf, W&lké’n%d,%lgﬁ{ynyl, arylene,

oxyarylene group, and combinations thereof; and

X is selected from the group consisting of sulfur, oxygén, and selenium; and
(b) a metal substrate adapted to react with the liquid compound to produce an
R-X cﬁm’pound bound to the metal substrate and hydrogen gas; and

a second unit for utilizing hydrogen to generate energy, wherein the second unit is

adapted to accept hydrogen from the first unit.

63. The assembly of claim 62, wherein the reactive metal substrate comprises silver,

platinum, copper, mercury, or a metal treated to remove a surface oxide coating.
64. The assembly of claim 62, wherein the metal substrate comprises gold.
65. The assembly of claim 64, wherein the gold comprises nanoporous gold.

66. The assembly of claim 62, further comprising an energy source éapable of disassociating’

R-X from the metal substrate to produce a spent compound.
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pl ati num copper, nercury, or a netal treated to
renove a surface oxide coating. 64. The assenbly of
wolesms$32 wherein the netal substrate conpri seeTgska4/039644
65. The assenbly of claim®64,. wherein the gold
conpri ses nanoporus gold. 66. The assenbly of claim
62, further conprising an energy source capable of
di sassociating R-X fromthe nmetal substrate to produce
a spent conpound. 67.. The assenbly of claim 66,
wherei n the spent conpound conprises a dineric
conpound having a formula R-X-X-R 68. The assenbly of
67.. Thecissanibl§ 6f clatie 66] whertin thaspegtconeund cownpsas geimarinedmpound
., sQurce. gﬁ he assenbly of claim 66, wherein the
having @Pﬂ@%’ Ifce conprises a W light source. 70. The
assenbly of clairm 66, further conprising a reservoir
for .storing the spent conpound adapted, for, renoval of
68. Thetdsserahlyof clame6umbierpinghe enssgyirapreesomprisesieal sQIpg,) v
of claim#66, further conprising a regeneration chanber
adapted to react the spent conpound wi th hydrogen
69. Thd BE@hHI§Sf L1068, whereinethe gy sdurdeconiprisees Ielight source.
produce a conpound having a fornula R-XH, thereby
regenerating the conmpound capabl e of producing

hyd f h . .
70. Thec%fsg%nsnglg%f cgﬁ%{é‘ﬁgr ﬁll’?lﬁli&é‘n b WOPRGervdig for SstimMAIRE ithy céhpound

62, P uni't conprises
adapteddorieumivabd fthe mginheomp@ind Troen deglenisty of clai m 62,
wherein the second unit conprises a fuel cell. 74. The
assenbly of claim®62, wherein the assenbly is
' ity rﬂ;? ]E%% £refenerfoncchasibbl ddapred to react
7. Theg%%%’ﬁ‘&?ﬁdg%&}‘fg‘mﬁf‘?%ﬁ% ydréogeé, conpri si ng: a?fi rst .
the spentebtpbund with dydiogen tegdived &am a seardejexigmal g the device to produce

W g
producig%l’l&&%gé&'l fr8f"Mb Spdnt cofhboumad (2) a netal substrate

apted to react with the liquid conmpound to produce
hydr ogen gas and a spent conpound conprising: (a)

R

conbi nation of (a) and (b);

73. The assembly of claim 62, wherein the second unit comprises a fuel cell.

74. The asseinbly of claim 62, wherein the assembly is contained within an automobile.
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wherein each of R, and R3 is a noiety independently
sel ected fromthe group consisting of an al kyl,
woebt@rosadskyl , al kenyl, substituted al kenyl, al RgmgIS2004/039644
aryl, heteroaryl, al koxy, cycloal kyl, heterocyclic,
al kyl aryl, arylal kyl, aryl al kenyl, arylal kynyl,
aryl ene, oxyaryl ene group, and conbi nati ons thereof;
and X is selected fromthe group consisting of sulfur,
oxygen, selenium and hydrogen. a second unit for
75. An asdendbily forgrodusinggad utitizige herdepgen.cABPENSwher ei n t he
econgd. unit .i s ted Lo t rogen fromthe
a%ﬁié’fméﬂwrpd%?gagﬁo%e&wéﬁ%ﬁ CFRMP5, wherein the

r eacy)estéfRbtes&ybis bl owantaiseiqd compoumd edpable wf
copper, nercury, or a netal treat eg%%]'o r(grmve a
surfan@ugmg@yd@@anmbhamgamugs% » Gf ¢l ai m 75,
wher ei\n t I ;

assciynap ke SRS BlxEact RIS i dRLBpoR to ituce
nanopQdgen gad ad a&@ent“ﬁb?lpaumiscmhyrisnig: R whergin Rets
conprising a reservoir for, .stogfing the,spe d
= dapdetydropeoatsaagatvelp Rinl) Rre “OGFERE FrofoPRat
devi ¢8atid%o R hgrg gcésdecrgpfwnﬁfonglf@)%a gm); further

conpri sing at eration chanber adapted to react the
spent conwhetein eadhofRidRa god Rs dcemeiaty mdgpsndenidy selested

external to the deyvj.ce to d ks

£ o1 mifoah fesampui soaristse pE L PRER-RAL ARG, Batifited? 1

capa afkyRAU S ShrPg giRok ¥, @FtIohl etet iy @lkrythryl,
: 81|.O %ngen gsenb?iyﬂg?’glgfbgi m 75, O\A%e?gi ng%’ﬁg seoggﬁlgpulrﬁyt

conprirgekyh audd%@m’ﬂl anylalkanyj rylengooxyardenesrany 3d of

claim75, whergin the,second unit conprises a fuel
cell _cog%;n%gsﬁggegﬁggg of claim75, wherein the .
assenbl y i ifdelcrifam ietgroup eomsistibg nbéilfue, oxygen, selenium,

and hydrogen. |
a second unit for utilizing hydrogen to generate energy, whérein thf—: second unit is

adapted to accept hydrogen from the first unit.

76. The asséndbly of claim 75, wherein the reactive metal substrate compi'ises. silver,

platinum, coppé‘r, mercury, or a metal treated to remove a surface oxide coating.
77. The assembly of claim 75, whérein the metal substrate cdmprises gold.
78. The assembly of claim 77 , ‘wh,ereih the gold comprises hanoporous gold. .

79. The assembly of claim 7 5, further comprising a reservoir for ‘storing the spent compound

adapted for removal of the spent compound from the device.

80. The assembly-of claim 79, furthér comprising a regeneration chamber adapted to react

til‘e’ spent compound with hydrogen received froma source external to the device to produce
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a compound heiVing a formula R-XH, thereby regenerating the compound capable of

prodlicing hydrogen from the spent compound.
81. The assembly of claim 75, -whergin the second unit comprises a combustible engine;
82. The assenibly of claim 75, wherein the second unit comprises a fuel cell.

83. The assembly of claim 75, wherein the assembly is contained within an automobile.

42



