METHOD FOR HYDROGEN STORAGE AND DELI VERY CROSS
REFERENCE TO RELATED APPLI CATI ON [ 00011 This
application clains the benefit of priority under 35

U S C 119(e) of U S  Serial No. 60/525,422, filed
Novenber 26, 2003, the entire content of which is

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTI ON  FI ELD OF THE | NVENTI ON [ 0002) The invention
rel ates generally to hydrogen storage, production, and

Speci 11 ou Ty ro FRAROGEA TR At TRy,

re-usabl e hydrogen produci ng conpounds and met hods of

regeneratin pent le for
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efficient
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?rtoﬁ%aryg? %}8‘? od ar?&’rﬁ%tgms 8f QQM@%@B% sﬂeﬁ@éhﬁb@&ldﬁto a form

e *wor et rochemni cal productlon
suatalde ete hisdtegen praduéticasasrwetitas devicss dndaasé‘-’@"rWésr for prRdycgeydrogen.
hydrogen fuel based system [00041 Sources for
hydrogen storage gRdxBROUN h@@m&mt i nuousl| y bei ng
di scovered and technol ogi es advanc gnd the c %
[l)pﬂ?dd uch Thydiegelr esgeainy s af eoRqsHt I ﬁﬂ?&ﬁ%@l sybstapgig HOFHC’H@ erdtey
gener&? o (%c\égrs % Wh Lid & @%&r@@an%@ a GlRESR h A6 T gase@bcoad“ﬁnc es

ransition to nore ydr ogen fuelpg ens
pitdeuiarigraftractivesnd desispyle Fj‘il@rﬁplﬂ@d’rwls‘% e RIGIIFE AR %PV“ ey
avai | abl e so g2ls) ko(goagﬁlegﬂﬁidpmdumof&nmhe
c%ﬂ}?%%¥5150 %g?ggvggﬁggéggggﬁﬁgﬁcantIy | acki n
peaaploepnweitthidrogeyeand oxyger o . Al 9t SNEgH Sﬁi’*é%sﬁlef%mﬁé‘é?\“s
or stora n r L @Ryl geld RERIabdNSstem,
&%Ep%n%me 8&%H%é§ §ﬁ%§t?gﬁgrgxge5|reah EM 721875 i

h@wever, requires a transition from the worldwide petrochemical production ang dlhvery

infrastructure and a conversion to a hydrogen fuel based system.

[0004]  Sources for hydrogen storage and production are continuously being discovered
and technologies advanced, and the cost of producing hydrogen fuel is continuously
declining. Effective utilization of these technological advances and a transition to more
hydrogen fuel based systems, however, is severely limited by the currently available 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.
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ATTORNEY DOCKET NO. 2103433-991101 [00051 Currently

avai | abl e nethods of storing and delivering hydrogen

fuel include, for exanple, conpressed hydrogen,

I i quefi ed hydrogen, physical netal hydride storage,

chem cal hydri de storage, nanotube storage, and

ot hers. Conpressed and |liquefied storage are

primarily limted by the energy intensive, and
ATrORNERODOCRESING. 2 1omBhodsioneeded to conpress the

hydrogen, as well as bul ky and heavy tanks required to

store the conpressed/liquefied hydrogen, which can
[00DSE e AurktNeiailtphabodsef sty ank deliversg bydersesl fushinclidsa oy

a nmoving vehicle or. a
ex TG D R RO Ronre: PN e B8 ok
ch&@XPe E%?de sdfide, fnaﬁotﬁhé@tob@a,vayxd boersp Campremdi aruisle;ugf&ﬂdbmellgld
a vehicle. It is estinated
A R D T
coxmﬁ%sQEeer@dVb%brg h$waiBEs W@l@ad hwg amnkl neqhx;cd tedtar tmg t he

equi valent of 8 |it or 2 U S ons o o
coxpygssed’ kwﬁ?q- léydéogﬁlgf d’ﬁlll%é:a% POSF & smfe%ﬂ)loswe rlstI'h gggs%dn&?o
boktll b AN AR IQEle SALtRHRIBIE SHydriR Kﬂoﬂage tslpr@nltlylgé)uocfunhytdn@@@ﬂ

storage i npractical, for e

arcasbbaneTRsmve 4 osheipBRa o ST TR g
estéxQeQ fo? rﬂéyle th-ghﬁsn’l:d}'ltrh@tﬁ h9drideltentiyiel gk 166 diaRgrams of

[ 00061 Unf ortunat el evi c
hydremomghs R0 gramé A?F@%%&bé sipgne g‘ﬁfq‘é‘r g ?‘fe%n‘%efgﬁa?% < Qélons
of ASQMeV%uwﬁrequlﬁrbq)yﬁﬁMdrg allslgfuﬂé ulbl 06200 rktl@afldormﬁd pPOgEs

ower ed vehicl es, have not
e ng s PUroEe SRRSO e PEPRFRLAF spelitipes
(s%nigr Qza}‘n'p@ E&‘Jsel%{ Qr 2GRl 2003 renoet GgerFutumhmfahe HYCEOM ééf:qmomy
or on-demand hydrogen production for energy
BrighherrBaeakdn: on- board hydrogen powered vehicl es.
EN 7218759.1 2 0 ATTORNEY DOCKET NO 2103433-991101
[OﬁdM\/AB?(fo%aTéﬂE dlsMéEIth OMhpBODT preTheappsivs.ant cifipigegnd on

on, 1 h 8t yet been
h%HMW&%bﬁﬂémaﬁP u%%?u?b gt&%?ﬁgﬁl§ag?%?%ﬁ§ba§dgogen
diBebreiaIThDE atitdd mfsacfmfmthcms outlxdsiviegs fay tighspjeiaht aphfficient storage
uant..ti es f ahiidhdbn-
or Py TSPl il Bl RIS S L S eh
mﬁﬁ@@&@g@i&ﬁmmﬁﬁwmhesspent conpound to a hydrogen-rich
formthat is suitable for hydrogen production and
re-use in hydrogen production according to the

descri bed nethods. [0008] Thus, the present invention
relates to a nethod of generating energy using
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hydr ogen produced by reacting a |liquid conmpound

capabl e of producing hydrogen and having the fornula

R-XH, with a netal substrate to produce hydrogen gas;

and utilizing the hydrogen gas to generate energy.

The chem cal group denoted as R includes, for exanple,

a noiety selected froman al kyl, heteroal kyl,

al kenyl , substituted al kenyl, al kynyl, aryl,
ATEORNPEDOCKET KOx3103433e99% & kyl , het erocyclic,

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

aryl ene, oxyaryl ene group, and conbi nations thereof.

Furt hernore, X cIIMMXRYIOF BHEANVENIIONoxygen,

seleniun1 Metal substrates suitable for reacting with

[0?(]"/? rgseﬁtqrf%ﬂ&gls 'sted Rh Bé}U 6F YA SLBNtha B tdiMedmidands

exarrp e, si | ver l'ati num cop

armer Bl fop hesealleloring el 6o Bsed 7 pUtyes T drogen, upor
deﬁl%cf ?rpﬁge leg Suffifattithidise MeeAlratiigRBdrEAL B chéht ﬁrﬂ/@ﬂltidﬂ@urther

substrates as wel | n1xtures of neta Y
detsuibls ragenpratie ofdhd Dy campruad o Biderecagh LEm et Ui for

hyﬁx%géll ﬁodu-wgn fRtbad if Hydibseh ptdagdded %@cokﬂuﬁé foZhe W@ sdriBEd methods.

rogen gas to generate energy. ilization of the

hydr as can.inc] ud for e . _consum n
(O0Rr o JB¥F. 4 Brencat VOISR EIALES taﬁg‘eﬁwﬁgﬁ%ene?w g b

hy@fogePpro@iced eGP a Gigiia Yot pgnd eapasie of ;Er&ﬂlﬁﬁxg hﬂllegen and
present invention further relates, t

el e RN ity | RS B DA S B i g the
hy@fb%érgg/as td ébn@tﬁ@ cBérBp Wﬁ&ﬂémlc&l%ﬁ%ﬁt@d a@{R 1Stlode|s,rfgr ea;axaiple a
produci ng_hydrogen is i ng ui
m@etofﬁe}em@g @mﬂgﬂo‘?&t &ﬁ@y %‘1‘%‘ ket a‘ﬁ%{v’ Aba
hei&éawll AcdRY SEloalhit &te@odyatoalalkﬂu@gwywm ooyl gkl a@lalkynyl
hydr'ogen gas and RI-X boun f‘% hmetal subst,r Hhror
arglewg, ORIV BEpuPad RYRbIRAORS Yersol THELPGX & PHY d Udes
Jﬁ@{n se@’éﬁlfi{gip: Iﬂetal?skxﬁwa&ﬁ YuiGble ﬁﬁcﬁ‘rtr%tngg With e hqduk ydnrlipound to
et er oal ky al kenyl , stitute ke
predupe hydieacs Faminginde, r r&m? &9le1 Wk Ft‘ A St ‘f{%{b‘“y’ s
wél S¥hRd1Ytreatedhty feﬁ]oky b surﬁEé/ badkRmilg. Medl )tlllti%{rktyﬁ)ah include pure

aryl ene, oxyaryl ene 9 , and conblnatl thereof with
m@glrsubsapisppsevelmidgies ek 798 958°1! AR FRER

mbs. FHOR4RR ﬁgﬂ& Grk1ddaslidmg Siel Hybio gengﬁy gﬁg’éner@té energy
sel enium Metal substrates suita

Utilizgioneef thedygeogerieas sapipeldfe & ﬁ%‘?pg"g é?flswawgel?fg‘\yﬂ'iﬂ’gen gagn e

co%ﬂ@leeengﬂgl el ¢8I, loY &y, otlitk B drédemcorzopp@rdeviand nercury,
as me I as netals treated to rennve a surface oxide

ca
0808 M ety @P B PaEs By md ik e Sordiefia fRbine
hy@kdgey for uédth baetdting eichgy. Ihyairapgedingats theamethiod of sieieng 4ndr
prgé(uacg}é hydrogeon 1§ ge on%e& ll;]yereg]éflglé gﬂe&]d g&ﬁpduﬂd Qapgﬁg bﬁﬁocﬁféﬁl@

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, for
example, a moiety selected from an alkyl, heteroalkyl, alkenyl, substituted alkenyl, alkynyl,
aryl, heteroaryl, alkoxy, cycloalkyl, heterocyclic, alkylaryl, arylalkyl, arylalkenyl,

arylalkynyl, arylene, oxyarylene group, and combinations thereof. Furthermore, X can
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combusti bl e engine or fuel cell. 100101 The nethod can

further include disassociating the RI-XH fromthe

netal substrate to produce a spent conpound. A spent

conmpound can include, for exanple a dineric conpound,

such as a conpound having a formula R -X-X- R

Various nethods of disassociating the Rl-X conpound

fromthe netal substrate are suitable for the methods
ATIFORNER DOOKETINOI2103433199H10dg by application of an

energy source to the bound RI-X conpound.

Di sassoci ating the Rl -X conpound can include, for
m<ﬁ)ﬁ§mﬂhﬁt , oxlgeat omgleninm. RietaX sdshgenmidablhurracting theliguiget al

substrat e an r cont C
copigist o P8 Drdpeeh R HFBC B P pS0 e PRuRp MRl o
moAREY, afifell yrhaslk treuged th eentyap surfede W{ldd’]COahﬂ&”\é@@lrSu@’trateS can
inciegaibrie e Ny 0 PLOE e ool s TR ine e
hy@;b@dﬂgﬁb 6?]1 1gcaﬁliicfot yxam‘pld; bmlswmegl thedlgdxpgﬂmgas inpaletfice gich as a

produce r di meri c conpound Thus, in
coghgmgﬁﬁgg e gcﬁge met hod of storlgg and)produ0|ng

hydrogen further includes reacting the spent conpou
[omy h mmmgmmn furfhevidclods disassooipideathel R XYl frgn the nEﬁhiHbétfate
to P%S’Fh‘ie aga?n? ¢ eb}youfu? 9K ng)/egr c rrg%urgcﬂ% SRAME, fSPéIQﬁHl@Q dlrfer

pro uction (e.
cofn@@ﬁﬂﬁd’uﬁlﬁ asr@:‘,onfpbmm Hahigg 8 [ﬁmmt.llad{) p&uRd, V@pqt}@) mg@gqlﬁ:pf

dlﬁaésgcélﬁtél}gagei RG %grg}gourr]lg RS drggtgl) substidfel AQUSithRE PR nRhods of

ogen producing conpound fromthe
thesmmxommhﬂhmyapphqas@f aflan epergsheuree torfhel Bousfl RyFgcompound.

Dlé%ﬁ% ul}ﬁ%?ﬁ]lé Rf E&*ho%%)omgi can @ud €% RbBple R AGLI MR LR oA

rogen via the process o catalytlc
bohycdibo]gaemaah somraffhed/sxtoep@ctmg thsr Ruch e9mppuRg Bewsg énthe getal

sugsg gi}e?trv% X nlgavmleg (@V%ﬁ%xg & B §¢ @o‘ﬂta@tfmg tﬁ@&ﬁ%ﬁﬁi Wittarl dMitric

cur at the sane | ocation or
cutemat i ons of close proximty. Aternatively, the
hydrogen production step and the spent conpound

[OEﬁ? engfa 1‘e§éﬁt inSdnBibn £aRo BELH in Bdrt, Oh fe@bHRLto Iresgeﬂetratems
exanpl e, the hydrogen productlgn st a ur in
hydrogomprodusing capaciyIOiThoHICHEOMpPARIE 4% fch@"i‘géﬁ?( f%%? otind
W&%@%ﬁ% s 1H R EmBSEhdnt, ¥fhd m@hoddstbAAB AhiGréduding
2103433-991101 nggd or segarate

hyfdragem ﬁm@eramlm mw@g thefpent GPmRpUNE ¥ith BYUASHLC PPBYF Bwi ng
L\Kﬁ)ggﬁlcﬂ% v191 atfa-ﬁxulaslﬂeﬂtl thQEAYQLerbiithd pentauinpomiditd €form
sultalig ?or hydrogen pio%%cet?onrzg (g) dr%(g:énleglgng, %r%ynrtﬁe spentacorsntpg&nldoall’] c%rn}{aound
capable of producing hydrogen). 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 compound 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-
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unit, such as a building (e.g., hone, business,
dwel ling, etc.), the regeneration can also occur at
the building, such as a location within the building
and in close proximty to the location wthin the
bui | di ng of hydrogen production, or can occur at a
| ocation different than the building. [0012]
According to the nethods of the present invention,
ATTYRNRIEDOCKETNG.R1023p98tted by dehydrogenation of a
hydr ocar bon noi ety of a hydrogen produci ng conpound,
wherein the dehydrogenati on occurs upon reacting the
boa'.id) ppepatste fotmhhaauet cblle.s udhstinea fos examples foliowmgaﬁamg?f the
: th > t a stationar
sr PR e RRE W herd AL Sl pr Bl G0t 2 tadenary
uni€RE¢HO aibaildirg ¢e(gr,rhlenhe kiyasmesa,cd[wehglg@tq b qlmrqge@e@ﬁp@lg:ﬁrdalso occur

a cin

o o Bifineneh 88 RELED PRy SPEReIER RN AR g R TR el
w1tﬂﬂﬂh@btﬁlﬂﬁn@tof Baligen Ipdxdudhos,pn én eompoa frdatvardiffarett thae the

Wﬁr exanpl e, a conpound having a formul a R2-XH,
buldRE ein R2 is dehydrogenated relative to Ri; R3= X

wherein R3 is dehydrogenated relative to RI; or
(00101 Aerbidirg tb thermesshiods AEb PreseRbinY Lok hgdrogsnsap ?‘ﬁ%h"t prgguced
by I;%fvlgheyd oégnsa 131(% of J%%f&%ﬂ%@ﬂ ﬁ%fgn)f thy&gen%?oduélﬂg cdRpolufid, avherem

endent cted fromthe group of
thea:iekydrqgehzﬁtoe rootaird(\;rion r@bﬂmﬁbﬁ compgpnst with & mefalauReiie Thus, in

an‘%b?r gp%g?)g\[en%f thelpke%%ng Er&@ﬂt}ﬁln @Ltbﬁ&(&f’ stogﬁ?ﬁg Lugpélggdfnd;mg hydrogen
forafsy Inadekaratitlg encrgy isl perfg'meé Ry gqagﬂng@émgyd@gpypo%@apa ble of

conbi I ans f d
Praduing Rﬁﬁ%geﬁ F %%J}ba%c %sf? S ulkb:‘]&gfli'{g ua?rﬂgal)s(u%gﬁé% frede
hy&eh@ﬂgav And ﬁpmtlcampmdahcweat cmnoahd eantindlydst 05 exagwiet &bl e

for the .nethods t. ,

CO@B?lHId hayipg ormﬁlr,\%lz )&n}g ﬁ]vhe%%e}{] il (%ﬁﬁx@%%%? (r:elﬂ{tiQE tcglg \;K\gi)@
wiREiNRS i@ Hshytlfogata&ad rélativeanBy er accsnhiwere thesep§ A ety this
n% ﬁgtlnof :thré)%tre[l’fl? % 1nve tlon %?éfi‘B‘Pé eRz QH& ﬁg g%%l@t? Hl@?ﬁefl@éﬂﬁ?

€S 0 Su¢h as’ metal al
selt &0 Bdm THeezrduipapdi mdalk}dnmqfﬂﬂky@,alﬁﬁbj'lesubﬂltgﬁcb@@yh glkynyl aryl,

heg%ﬂ PR 5 Eﬁkﬁ%eﬁ&ockﬁ?c M1B@ﬂ§ry9.ﬁkyl taR@alkdAYE Bty laBiyny 1S

ént conpound_is cap bIe
ar@énebeiyagylene genpraad eanbicatiops tﬁ@??ﬁ Suithegnore, g X iyt

h t FellbtaEs
th%ﬂ?\l%cc?élm‘tméa???lﬁ%j thﬁ%e%s%g %%{Erg%ﬂn'p g{lﬁ%h%%?% hydr o ulésr:ra:eg

sujpabdeiioc the meﬁmdpduhﬂjnmmpmgxcladq, &rwlﬁgoldﬁqv% Hlé 1&5%, copper,
ané gr%?ch?yré al \%yagas 4 tzgmréal&% t& &%‘Qe & AFREUNEde dohiehCRALIRElude, for

roduci ng hydrogen. The steps of produ0|ng
exhxysﬂlbggmmaaidub%@ﬂ evwell migturgsof gysiale; such apBtAlRllewn
occur, 0 EM7218759.1 5

[0013]  The liquid compound capable of producing hydrogen according to the methods of
the invention is suitable for re-use, in that spent compound is capable of being regenerated to
a form suitable for hydrogen production. 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 capable of producing

hydrogen. The steps of producing hydrogen and regenerating the spent compound can occur,
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ATTORNEY DOCKET NO. 2103433-991101 for exanple, at
| ocations of close proximty (e.g., within the sane
device) or at different |ocations. [0014] The present
invention further relates to devices for producing
hydrogen for generating energy. In one enbodi nent,
the device includes a storage reservoir adapted to
contain a liquid conmpound capabl e of producing
ATBQRSEE DHETTEQI DP33F WMl a R-XH, wherein Ris a
noi ety selected fromthe group consisting of an al kyl,
het er oal kyl, al kenyl, substituted al kenyl, al kynyl,
foﬁfx}iﬁlpleh&ﬂ@mﬂﬁlb yf closIpkaxiyity @G mdthinkl¢ samiseleded oy afldifgerent
k Iaryl, aryl al kyl, aryl al kenyl, aryl al kynyl,
%ene, oxyaryl ene group, and conbinations thereof,
and X is selected fromthe group consisting of
[0614] f uThe wxrspyanventiertfustbéraeiptento dvtiees dennreducing pydiagen for
gebé}gtknlé%ﬁg‘rgﬁ‘p B@Lmﬁd&?fﬁ&{t %@de@fé@mcﬁxqestaost(?rgg%% Wotrﬂdéﬂf&% to

ound to produce an R- npoundwbound
conthia artimll cosmsndrcama@leaxﬁ aroﬁmgﬂgféwggxa@d lepiog & formyls R-XH

wlge?e\lll %?s zgr%gl %I g Lk PAGH ke rg'r&g)lcws?suﬂ%lo%%'ﬂg'y hétgf&iﬂ‘(?l alkenyl

assocl at | ound fromt
summaetd akepslt byl woyl, mewmatyé a&ogpémlo%bﬂﬁmffﬁ&w% @bﬁémf‘

arﬁgggoﬁglglke r&#lﬁﬁ&dw %rylén@ rox?ﬁ?zaw %rou;a aftll d¥RIbifations thereof, and

as’ a conpound fornmul a R- X-
X $sRlectfthiore ﬁ@rggqnpwuﬁi%lég ¢ pEMITE, exagR, ng sedenisn npieglevige further

maﬁ%‘é TR Gibs te é"HaWd o 18R witR e Gi§uid coBFkAE td fro@ROANRIX

d'ment o present 1nvention, a device for
compgmsﬂdqongiﬂthhm@@ﬁubsﬁétﬁ apblidFQgen 8- ener gy i ncl udes a
storage reservoir adapted to contain a liquid conpound

[06’1@? ab ITﬁe @vacQ F:Q{jé&ltﬁgallwﬁ’dhﬁlﬁ%ﬁ cAdgly dvarck B@aale ﬁ)ﬁﬂlﬁaskcmanng the
XH; a netal substrate adapted to

Rﬂf@mppw f@n&@m@wb@t&tw@mﬂe&e hPaRGgRRO S A Shft gorpound

call RRNde FONROMPIE; 2 AmSRESmpoGIYRRHASA Ecaxﬁpouﬁ&lhawd@ a fératula R-X-
exanpl e, a conp ound haV|n§E? formu rein R2

| a
XRs T}@éw@f@g@ﬁawad%q Ky expmnnle 2 pat S%“%@” Vﬁgﬁﬁ"% is

dehydrogenated relative to RI; or a conbination
001531 e@f anofRLémtllinht ofRBe prasest 1ﬁ%&ni:16m hdeles far pmdh@irgg hydrogen

|ndependently el ected from .t
fopgangratieg Jog1ey ! %@h@?wragwwﬂff{a@&% g‘ﬁw a?‘ﬁ}“a °°’¥P"‘md
caﬁz[b\lel of pti‘&fu@ihg) ﬂidﬂ) en afd KX, a oyl OR}-X L andraen@zrlecl;strhtle adapted

I | |k
to a%aﬁ/\éﬁg%e ‘%&?f %‘?‘W"é‘%‘éﬁ’dﬁ’ %f%'ﬁghyg}ﬁ‘?f%% g?ﬁ?f’% 3? Fh s°¥'}pﬁ1él}de gt Pt
bR Ride, Yorl &xapik ecdoatholinddaving e fgmolaR,-Xddngiestn h;gls

degy[drg%lﬁtggg B&%%%?% @%%%%%g%e& ogenateg relal’lvg tooRl, ora
combination thereof. Each of R;, R», and R3 includes a moiety independently selected 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, X is selected from the group

consisting of sulfur, oxygen, and selenium.
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(0017} Metal substrates suitable for use in a device
of the invention include, for exanple, gold, silver,
pl ati num copper, nercury, and netals treated to
renmove a surface oxide coating. Metal substrates can
i nclude pure netal substrates as well as netal

m xtures or alloys. Metal substrates can further

i nclude various fornms of netals, including nanoporous

ATEORNBY DXYCKEBNO. 2349 duel gol d. I n one enbodi nent,

t he compound can include, for exanple, an organot hi ol
conpound. [0018} A device of the present invention can
[0e o Metdl abstraiesrseiiablovor nsefime deviagrof g invertiongegitde, for example,
go?cﬁ TR a}‘tmlllrg c%g;ger 3‘5@ @I;net fshx%at%@&eréﬁ{mer a sfuﬁﬁce%&fa@ 6Wing.

e S|d for renoval
Maplegubstm&mundudenmm mﬂd sullsvratceas Withleas drestal wtufa&pr alloys Metal

su %ra}eé gﬁ:nt 1%{(4)1% ngg éﬁ ?gr%ggfog&% gfe m&%l%tl%c(ﬁgi SEn ?’é"é‘g?‘%@ eglch as

nahép@ou godO I @r e&ﬁbb@fnﬁﬁl tht corbfo@ndleani 1mcéucteof0pc>@dmt§eara
nd having a fornmula R-XH, thereby regenerating

OYWEF‘@Eéﬂ“IﬁPPB%um ng conpound from the spent conmpound.

The device of the invention is anmenable to utilizing
[ome hy\ouwgenftgameseot ineantiomean absadnodpde amispivpiz fagtoripgthe spent
oun(%i[g T ore mbogmgg{] ?lh %sgrvgiJ %rg%nﬁg{he sﬂeﬂ &ﬂﬁ: A0 adapted for

consum ng dr ogen
remmflaﬂ; uﬁtha @edtsmmpeundshnhthade\aceh yidhe dgecn: com ﬂ@urslnaldmndn@ ne

.fuel I 1
regeglar%}x?rgczlginﬁé‘ afj@tégﬁ% é u?tﬁhe slgte ctcn%ﬁol{)ng %th hg&%génl 1O8ived from a
sohrybd éxigaaﬂ t¢ tha denitetg prodess acemppehddaviey k femoka R -KH, esbent
| hve

regencr ﬂ g 187 ! or 5\%9 :Jgg({o%gomqr%%? ﬁpehg&gr&hun-ﬁh Thl B@\ﬁ&rbtf the

es to ne regenerati ng
intepeoog amenqbtead unluzmgg thohypioagel gésrto geraratprntey ¢ Hirpgugide

h t hod
hy%tl%ﬁq %asgoz%engréitefexol?r g ﬁéé?(%gfoﬁ E)[d]lg}? &E%}?mé e g;?%t(i?‘gx ggas ina
hyangmgqpnslmndg devdmet sualgast ewwdrcgprecmnbal@mamalde o & faelropldir Hg&eh,
th? cur%gltom\lfl % o1 acﬁiqgggéngla{égy ﬁ%@ﬁogﬁmkﬂlﬁg'}%ﬂo énh:%ﬁs%mfng

egeneratin produci ng conpou rom a spent
degBerpolndtyick @D@@Preﬂ'dmemmr@sefm prafueing hysioeshso rel ates to
assenblies for producing and utilizing hydrogen. In

[OWI e ﬁéﬂgﬁyeg@ﬁpﬁwenﬁﬁn ASHETOLMs féfmétllitﬁis bﬂl‘é@é’iktaﬁﬁg hydedgesies

rst unit for generatlng % rogen an a second
prothicing feompannil oz atgei gerpeRyes P tigeludgeregsjving a spent

coMABLAI ok g‘@ev‘f'&modﬁ@in h&&oé"éﬁ@@ﬁ Rferhtthg26&8Plandd Ms@étﬁ@@lﬁb

omthe first unit. first unit includes a_st
spp semp@ingd “ataéxps@reéentt@p@émewﬁmaowddlawag g B Ra<te %f ye

re Véﬁleﬁflwwﬁgn DA QR nRBshd TR Ngpedt cobPbufdl 8 R-XH,

rein'Ris a noi ety sel ected fromthe group
[0(():20({]]SI Sfthcla Sr%se(r)lI 1n9er;1t10n Elgo relages to assemblies for producing and utilizing
hydrogen. In one embodiment, an assembly of the invention includes a first unit for
generating hydrogen and a second unit for utilizing hydrogen to generate 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 consisting of an alkyl,
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het er oal kyl , al kenyl, substituted al kenyl, al kynyl,

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

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

aryl ene, oxyaryl ene group, and conbinations thereof;

and X is selected fromthe group consisting of sulfur,

oxygen, and selenium The first unit further includes
ABIORYRY DO T HOe2 184435t¥d 1@lo react with the liquid

conmpound to produce an R-X conpound bound to the netal

substrate and hydrogen gas. The second unit can
heiervelkyl elkerfybrsuisxiangl atkengl, dikdyb gorh hetorestyhiakkgxd evdleatkyl,

heferuo%gch%sdlgbﬂg[dgﬁggd aRUIRS n%gramgegsq eﬁﬁeﬂ*{ oByaliie gfiBh and
coimhinetiring ¢hereof; and Kes elated fmexdhwrptm cmnaﬁmemf oHibiokegen, and
SClLI%QZlé'héﬂrsﬁ?n%ef{Ipllle\{ ind udg]aemétgl Fgujafarédﬁﬁé?i t@géabttvlu@nﬁé iu}{nd

an ener source cap ab di sassoci at | ng
colpdurfin@protiive anrepa korsprued bmné tq the preabisnbeirage angd dipidrogen gas. The

seﬁngﬁg%y 09 ngc$hd% for 9xag1§lle£ h dr 19 %QHI‘HQ? 'aé‘o{&é“ gxcﬂ ad Qﬁ}mzjdg%n

can or exanple,
combhigiah engieLor aéued) cella Iiond qngwﬂn@ou A @sser{ﬂdm opthe prgseahigyHEen

cap be gbcon ameﬁtwng{n agxgﬁto}nggfent' on, an assenbly includes a

generati ng hydrogen and a second unit
for ut|I|Z|ng hydrogen to generate energy, wherein tggof

[0&2d¢t ondn arsemnbly f Big dpyeriépnican %%?IIWVHPW@I’?“?SB PRY G &aP2
didabdoSibting R K froh{Me hrefad bubkiitd tolpReubiiHe BinPsrd@€e.g., a dimeric

reservol r adapted to contain a liquid conpodnd caqable

compoynddevias m §myld RogefrRantherracensPusce opp e Iosexample.gigat
sofrc 0B AV $i gQ@%&@&e adapted to react with the I|qU|d

conmpound o produce hydrogen gas and a spent

conpound. A spent conpound can incl ude, r exanpl a
lﬂwﬂrpo{jlr?dlo}l?gﬁﬁn?@dlgnep nfpﬁleﬂ IRvaRBon, AN am}gg ine u%ﬁs 3 érstrg%nt%r
geHEMME 9GO PeH £ alk&oad intefot ﬁhlBln.g h%eé@:n to \gheme e’ne@& Wwiserein the
dehy rogenated relatlve t

se¢ond ppigis adgpigdo 6qcep&1y Qgen %the Iggsrt unit, ﬂ&n?ga élnmcglfiys a storage
redeRRGRAAAGIND k(ynteﬁﬁ h ﬂ@ﬁl@ dorhpoamdl tdpeble bOpipdueingdndrabdaydnd havmg a
het er oal kyl , al subst it ut ed aL alﬁr tod
formpujq Ri-KbBg eld&aﬁfsﬂﬂ Su‘asrrk%%éapteéﬁ?;res%t|"ﬂ§h|t e ‘H’é% TR dutgp oduce
hyé40'§¥rl g{s)éhd a sp%ﬁ%bﬁhb&ﬂd, Aadi)yﬁt@blkﬁdhylh carfibyth@d, lbynydmple a
ary ene, ary eng)%}?r oup, and %}RJDI nat i 0 St th eé %
compPuHARHBE & fomtiaduogh otietsin K1 5 A RegRd R B Mags
withei$ Rl & ldéhyd%meéa,relam 18 Rl ;@R b UsbiTdiBn t1ReONEhcHBf R), Rarand
i ncl ude, for_ exa ﬁﬁﬁ é? en congy Hglg ﬁgl kenyl,
Rogpltrlend meichy aferg e shst BGHGHHY Bk PEgoa) flkeny
suBsQ{a&é’a]auléé%plaJﬂk b%hll BleRS0a8)l] didRY, kaélezflk)tlsletdrcrbydrc alkylaryl,
assenb y I nvention include, fo
arylalkyl, ary alkenyl arylalkynyl arylene, oxyarylene group and combinations thereof.
Furthermore, X is selected from the group consisting of sulfur, oxygen, and selenium. The

second unit can include, for example, a hydrogen consuming device, such as a hydrogen

combustion engine or a fuel cell.

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

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

EM\7218759.1 8



exanpl e, gold, silver, platinum copper, nercury, and
nmetals treated to renove a surface 0 EML7218759.1 8
ATTORNEY DOCKET NO. 2103433-991101 oxi de coati ng.
Met al substrates can include pure netal substrates as
well as netal alloys. Reactive netal substrates can
further include various forns of netals, including
nanoporous nmetals, such as nanoporous gold- In one
A'ErdRadE YOXCK RTheO 3idB433e491 pHloduci ng conpound can
i nclude, for exanple, an organothiol conpound. [0024]
An assenbly can al so include a reservoir for storing
oxtdh eoBing! nMetabsqbsimm carl mclodmpm@mrti@hhuhﬂémes ag wiall asamatal loyes.

for st the s en o [
Res(ftlvP Hg E)lg) ates chi'h‘ﬁ"g er dncglggém (I),]us f%m?%?&%&$hxgaﬁdlﬁgﬁn%¥€drous
mdtad) satidi hair@ﬁ@bixsygollm ah unkeensbodlmgpar) eredtyilogercitadviomg compound
act the onpound wi t h hydr ogen

d to
cm?@§§ 5 5“&6@?§@g§?F€P to the device to

produce a conpound havi ng a fornula R- XH, thereby
[002d}enan atsembly hyroalsgediudeprregtnoirfer stwing dhersiert e@PQUAG In one

T e

compadﬂ(ﬁtonahe eawber ghemsenatily om adflitiolm)ig m@:}én a preonRiation ghamber

ound from spent und ace h
ad%%?ﬁ& rr‘??ﬁtl'f{l L Cﬁ@pmﬁ’r ese(r%]ty 0 E\:/nern |‘%ﬁrﬁ% fgﬁg pytgnal jo the
delikd wpiddatescompoyit loging amsronhluji-wbh tharetly reegmwmabydmgen

s stemutili in ! devi ccording to an enbodi nment
C‘Pﬁ@“f’??\'f‘&‘#’? Sf’f)‘gﬁc‘/‘f&ﬁ‘f‘% 3 illustrates system and
deV|ce accordlng to an enbodi ment of the invention.

[0028] FI G BRIEF DESERIREIQN QI HE DRAWENGSunds
sui table for use according to the present invention.

[0452%929131& h Ghovas o tvichEE dibgrhMSF hRiren @rAGRIoARYd EeETReLIn S
suitable for use accordlng to the resent inventio

hyGrog BB R SOMRON APTCRRIEVOTRRRET-RNE3 G5l e
prQEﬁEANeEthDESCRI PTI ON OF THE | NVENTI ON

[0026] FIG. 2 illustrates a hydrogen production and regeneration system utilizing a device

according to an embodiment of the invention.
[0027]  FIG. 3 illustrates system and device according to an embodiment of the invention.

[0028]  FIG. 4 illustrates examples of compounds suitable for use according to the present

invention.

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

present invention.
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[0030] The present invention derives fromthe
di scovery that certain hydrogen producing conpounds
are useful for chemcally storing hydrogen and for
produci ng hydrogen, upon demand, for the purposes of
generating energy. Hydrogen produci ng conpounds,
according to the invention, can be reacted with netal
substrates to produce hydrogen gas. The conpound can
ATHORNEY DOUKET NG R183339ahlMe used and distributed, for
exanpl e, according to conventional neans of
aut onobi |l e fuel use and distribution (e.g., filling
stations, DBFAILERDESSRIPTIONIQF THEJAVENIIONet c. ). The
spent conpound can be reprocessed and regenerated, by
[0GRfr O@%&ﬁés&ﬁ@m@ﬁttdmhﬁn%?ﬁh BONBQVEY tha SerindIdR8erBproducing

conpound capabl e of producin hydr ogen and suitabl e
comppunglygre hieful fayshempical Bdif%'l@é RY P%?B@E‘i foéﬂfoét&%‘éﬁ"*ﬁidf?ée‘t gpon

der%x%?it ﬁ)@ r@n%%msposés iy Eéﬁ%x‘a@ﬁh endiRys Hy&r@@en%&cfu@iﬁ& chAYSRAEY, &fkording

cribes regenera |n? drogen-rich form
to thaittvaktioa, dap be Fapetebyimsiabagetraies to Ierédlge yHOP D gER
COBEQQH Qérﬁg: 19 QHIH@ e and EABetB& SR @ﬁtnbufé@ ﬁﬁ&*ﬁﬂple 2ddbording to

re-use of regener at ed conpound in

cowomtmms sﬁ:a@&nmbﬁgﬁl@b“ﬁ Pt fRlaRSop e %g% ons, {5311

deﬁee KB PigefneEl &R.). The 8pent QMPIBEd cafl baSHpITEsIEN Hi regenerated by
rogen productlon and regeneration of Q g
hyfmommmg” thecnens aerAPUAG i BI9E¥RC acomBAIA 4aPalie AP Wgngt 0

hy%%engﬂp ngtagﬁgu dr Bithet D& iR hEEERh pldduQTth a@drdihgSto HEPMTent

rogen production for energy generation  begins E¥
Am

m\pnmm dihng the chiyeit dgewiopedigt doeri o FEEITHNE A hgctf%q&nﬁ
rfgﬁglgfaw}_ﬁrﬂ V\%c'agn (e WHBQerPﬁro&d@ﬁxg'c@Mﬁ(ﬂhﬂpﬂﬂorﬂﬁﬁ spent

ere is an anic moi ety and X
compmndobag rtsuﬁefOtfj the regeneyetpd ccmpog l@ﬂwtrﬁgenrﬁfé%e'eﬂ%%ﬂﬁ%m o the
dmmn%&ﬁ%&h th a metal substrate to produce hydrogen
In's ep 14. In addition to produci ng hydrogen gas,
reactlng the conmpound with the netal substrate

[063d} t hRefersing LEESs L. gdionchabiipsam d0 ahaydgecrPRINEED Adhd

0 i oahEfrom BEenhyHGRT) a@aslingan abe
IE%B#FgEch§£€g d?%gi%ﬁ%ﬁﬂ’ an% uggd #gr g%gerg%

cxbrdigyt offhegrispn! T enio| P HGHEER BROBHOT 8 Shy g Sy gRton
beg&gg}*ﬁbﬁgmg QRpauad prd@u&ﬁg tdieponBd @l ste§ abs Aﬂ@th@gen’prsdtemg
, ‘any conpoun ound to the E% ? substrate can Qe
conpeupd o6 e anvertiqn gt forauA 311 VRS R isAneTsaRicdpugY 3!
m@h&é‘&ﬁm I02%deRNbrQéleditl®. FheXcoaPIMAIS ebactbDwhibla tdtat substrapt tal
substrate 1n step 20 cqube accogg%ﬁshed b

preshucehyeFqpgn e3dmisin14- dp &t ardRe IR B Bt ?‘é‘d
]frB&EHd \ﬁ@ﬂﬁ@l‘ﬂ&gl s{lﬁstxﬁte,furﬁieﬁ piFRiides spéﬁﬂmmpmdldhad//brﬂg-)ﬁcompound
ormula R-X-X-R) i s produced fr

d
boped ik BT AUBUEF ot PORCGTESE R BT CR B ST G e
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 bound
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ATTORNEY DOCKET NO. 2103433-991101 R-X conpound from
the nmetal substrate in step 20. Spent conpound can be
coll ected, for exanple, and regenerated (e.qg.,
hydrogenated) to a formsuitable for the production of
hydr ogen gas. Regeneration of spent conmpound to a form
sui tabl e for hydrogen production is acconplished by
reacting the spent conpound with hydrogen to produce a
ATTORNEMN BOCKITI Q. 21034381981 DIR- XH i n step 24, thereby
regenerating hydrogen produci ng conpound from spent
conpound. Hydrogen 26 utilized for regenerating the
R-Kydmpgen ﬁpmdwmbtagsub@mpdm step 26 r pentichmpendren eeleniads for

can be,obtain a 0 .
ol G R YRR, Shrisipest aegeagpiess
hy o @ahuRk.i Wn&ﬁ%%iﬁsp@ﬂmmmn@l tya fMesumb@sfemydrqgv@mpﬁ\@ﬁon

. relate i ng, ener o
NECETLET Al e
hatifg @ fkemelatReXHAR stkp 24 tmfmbh mgelmiatmg by@p@mpr@ugn@qacgl}popgd from

speg)? rﬁ%{?}{ﬂuﬂcg ﬁ%&f{lﬁ%ggé H{]lgzgg é ' léxlleqatﬁlg %&&ﬁ%gﬁ%ﬁ#&%&%&mpound

frohPthetgeat IBmpblndah Be ebtaipddddly any bstisaf bydregepgortrtien, including,

hydr ogen gas and nt. coqnpound and/ or an R- X conpound
fonsermp °8n Orﬁ\‘;’l”gﬁg{g@g&o 8" The hydrogen gas

produced by the described nmethods can further be
(0082 | | Aewbrdinglyaireresert invenéqngylaien o] STERTRAIS CRFEY BuQyep p@lization
&eﬂ%&&mmgnecé%wo@% 6 b 618thaé of
of %rg%: n,g%o%?&ég%gwéﬁ r?zﬂégt{egcg%@d ods [ 003311 'Fﬁe 0
gemﬁwwhergmw@nﬁomd by repeting @, ligpid CEIHPQund stpablgef Brodeiner y
cQ YolRgoR Fetal 9b d
hygmﬁ?n 5%52%?%%8%[%& S (F'?QI\/BIX)H m aca a:elb Strate 1o produce
hyefogercgae atd spentrcempound gndiprtan tcamp@w%tmr&tt%gwm% PR
pifica HRYEH GR%y baidithat ¢
The h ro%le émg%u@g Ihggésbgéeg% ducts of the r egct [ ogr::nera )
enérgy includdgeiot exzomisobsretilipationrin # bydrogep cepsuming deyies) SHEh #hH2
rogenat ed, thereby regenerating the
°°m¥’ U?)g eﬂﬁgoun%)ségtcgﬂa form suitable for hydrogen
pr oduct ion. Surprisjngly, conpounds that_are co
[00333d The PressRinYRgtiGnRbassH.dn BTk 41 Esslissp e rohatgPrpn mé%t ly
cog{n%qgfq}sgcgml?%dd’rpﬁﬁaf hé@erﬁl’ﬂ&f‘ltnbﬁdla@%rs5%8‘1&1(4'573dr@£ﬁpa519 of efﬁkﬁ&tly
I'n generating energy, includin far eg;g mf(gt
regoging withymetay ShDSERLaT L@ BIRTHFS SIEBINCArd ARANHISS o ? Aigsh gas: 10 ;a‘
FHEHIRR rOlcHaNRLNisBdnt ERNFRAKERYISan faitier be
co\%&?ﬁﬁéﬁlo%v\m%?%pﬁemart of SrAl\(;B ?gh o }‘r abilit

sy etey e S E LR, (RSO AP 1S BeRrEpYuEe 2
0 hdd gle t@minbidy used in
foﬁﬁgdﬁaag f&fhgﬁ‘r gyﬁm@e%ﬁglpgyw eHangte temintrely

sur icted as. .an P
forming SAMs are also capable of efficiently producmg 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 known 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
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‘assenbly of organi zed, closely packed nol ecul es.
Sel f - assenbl ed nonol ayers forned, for exanple, by the
chem sorption of organic nolecules on netallic
surfaces (e.g., gold) are well characterized
syntheti c organi c nonol ayers. See, U man, An
Introductin to Utrathin Oganic Filns: From
ATEGRNEY DASIIIGREOL 21034 BeM 1®Wssenbl y, Acadeni c Press,
San Di ego, 1991; Dubois el al., Annu. Rev. Phys.
Chem , 43:. 437 (1992). These nonol ayers form
asspxbm evennigtdy clopnpashritadeduirg. Self-esseyetiest mensiayers fspamdor
exar]pB ftﬁféregh%}ﬁllsﬁﬁg&% é@o:r%a egn(gac{u%g g}é angmtc sﬁ'l}ﬁfégg (%%r %B]'dpﬁ'e well
chsm&:tsxuzredsm;hetla’hgam meoehwss. Se¢.fUlmar, gladmtz@uﬂm tg (ﬁlrathm

Or§8%zc 1/m a%J ;ﬁ’grg Llai%én%}wc?log&tt jy§eljs}11§’s£@)¢ A%B(%%@PI@%IO%AH DIC%O
190 LABibpis eCariAnhwo Rev.|Phys. Chemat3: 43THERD). Phess mongiByergHo8

spgl?r&‘g%ﬂ y %g rc]:t gc‘uﬁ% a%ﬁano§19cg %Urggcﬁm% %S S%Egatgb]ﬂgg 4As’ 28t of
ch&’rhlsﬂrpﬁimi d)fdulEurlothe tQAﬁh&d ilﬁﬁce{ q_fg@lll)letalgg@trd@g 'Fl@:rrmlfppglea self-

t ;
orgaélg&lrft%géoxgr?l%raﬂ%teqetgce onStHe su ce of tﬁei}x?etaﬁg@)\éﬁaté egc,%r ?&Fe? J.

€ srgnifican ydr ogén gas
ARSClenh oy 106LES59 (19800 85hilldse Uik etdal h€hem. Rhys ,198: 3568 161993);

T B SHR A SO 817 SOIOLB0

al.nyKlh SEIRNFIGRS 2400 006 (108t Bagdesifdrinira armmayemmbhq mettlesurfaag,
odi nent resents . a re
e A e S e R R R U

rel easi ng hydrogen and binding to the net aI substrate.
(0635 f uAs usdaereingthe tirmé hydspgen progixcing eeatrourdigolars teaeqmnpand
haem% eeltfél :usa I%\-g@-[e]angg a%fe o??ro\ﬁ’héd% ﬁ)@?o%gﬁ %z?s uggx( @L%%lﬁgéta rall rréetal
suberag. In cerpbudidenic Bremesants greeiveuroiels capable eupgnsentact with a
0 ARLYATR! Suldh
regé?lv? mFt)aP Suﬁ%g&b%%qgng]mlr%gen I um agﬁtg qéeaﬁéftur are | nut F}e
regaimemb@ty wigh well- memp@qctlwanr@penwg whemertapsd &1t reRrlivgrmetal
suEs%%Feg Ks\ég abo@ oﬁ’r? E(Idllt%% to ol %&‘rﬁfﬁ)uné’s (6 g2 thyRindoRadhing sulfur as

hydr ogen produci ng corpound and suitable
a tféantwu s)eletyr)s opmeomds having dxpigearind enlenivie prig dls0 UIHH secGYEED

selgéﬁgb Erld sgﬁr%&ﬁly@ép%gnen z 1H Me perddHiStablk AnPRlSe similar reactive

oducing conmpound is an
prﬁmtgmn &8 hich) 4'reactive moietyamgserfil2 hydyegsg Pragpgipg copgpoynd and

0 c X t ®3An niu
R PRI R Sy et s

Thus, inut drehodiarbb dihpdsagenprodupiag proenoupd isianyatogiicl > or a
co%géfgfg}%()mg PGS P{?Q(QHQ Gfdiety @ I'Any 5@AGE bRt (hE’ Y dERQE Rerein

nmpoun a netal” substrate, y
(S®efw dxaaxgﬂéth Et{@l@‘le b a
{0036]  In another embodiment of the present invention, hydrogen can be produced, upon
reacting the hydrogen producing compound with a metal substrate, by dehydrogenation of a
hydrocarbon moiety of a hydrogen producing compound. Accordingly, the hydrogen
producing compound can further include a hydrocarbon (see below; Example 2).
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hydr ocar bon noi ety of a hydrogen produci ng conpound.

Accordi ngly, the hydrogen producing conpound can

further include a hydrocarbon (see bel ow, Exanple 2).

EML7218759.1 12 0 ATTORNEY DOCKET NO. 2103433-991101

[ 00371 A hydrogen produci ng conmpound further includes

an organic noiety ("R'). An organic noiety present in

a hydrogen produci ng conpound and suitable for use in
ATTERSEY DEGKET NOehtoB433-2 pllcal | y conpri ses a

hydr ocar bon and can include any organi c noiety that

mai ntai ns the desired phase of the conpound during
[OGIHde Angdx(ogergarodm:mgmsrpmlmafurthnr in¢lnden gt enganic mewtyt (| %r) An
orgialkboiE Pispe T R roB R R oo L futhlle W i B currns
incentiGt uyabzﬂly cﬁmpmb h éydRogrioupsd ¢andhaigie anbergarag eommthat

l.imt t | Kyl
meg%}gxlgf Sél‘a(? %}r% e%f)}F ecogr}rpggndk C?{]rlh%}'}in@}pﬁ%(e% a lfrw\spoox%ltl%g r%\L}sfer
rez&hkx@ >é§é ) aﬁd/ 6ded abtlsybstantifipt 1&1reﬂ“€r§t ®lith cthe redckign afitid qompound with the

|
rqu}%x l)e/sHBstrg{e ﬁﬁléal%?rw %fou%s 1¥T(bu l%/ érﬁ Sno?ihréllrte%gg alkﬁ, léertegcl)]arl)léyl,

lo@&mlk{yﬁ aB&ch}StshbSﬂtlﬁiﬂ ali{‘enyloxlk)sub styll, thetewdryh atkosn sydeatityhi n

e

colbmatds theedofii R grohp'ﬂrao baslﬂnstltutgd oupnsabstindedfand pargatanene or
abgut %2 carbon atons, including nethyl, ethyl, n-

mosP BRGPAOME o pr opyl , n-butyl, isobutyl, tert-butyl,
n- hexyl, and the Ilke For exanpl e, by conbi ni ng

0038k y | Aniused harehnyﬁjnp trgeralisy 1B pafers i cnpnonalen At e Obblla%ﬁhﬁ%ham

hy%!x%ggﬁ?ln y@gu v tﬁ%{:nedng to éb%@t ltZQEIIEbn AT rlﬁ@t!xdfﬁ/é metﬁ)ﬁ fe@l{ﬁ n-

cont al ni ng at | east one het eroat om
préysyl, u%@phlen—éutml isobuty s ertrbutyhathsxdaangd e likes E?rsexwaplﬂ byp,

co%bkn%fé%lyﬂ ?fﬁim b Iﬁ?dgogaekggﬁp 1n ARadd8dud\Bihdd, "substituted

ers Kyl "groups further bearing one or
nore substituents sel ected fron1hydroxy, al kox
0

[09039] c apps Bsed bgreing e ey, “heterpalkylt tfsagto alkyt grBwsw{lta)}rlung at least

orld %E E1AOUC | s Gised RS, keUd B0 nBeloRIoRC Y&k € N.aD ), and the like.
stituted aryl, heteroaryl substltuted heteroaryl

[0%{5 LSX);,& 3 Ubsé}nl futed ac{%lsﬁxxy fe&g 8@3 (’)L@gi‘tﬁ@%}rearmg one or

m§r|é Lutnbnts &lé'ctfe@ ﬁ@ﬂi‘ | HY@rox § Wl Koy, yﬁerca@bdcybh&lkyll, kibstith9d411
used herein qups

csRaT R B, Pt BB St U D

subﬁﬁlﬁéd'heter@kﬁ eabxy, Etﬂfs@t[lféd ta@'lcﬁ(?,r Haloghd, cy}fnohﬁmahmﬁb arhidbn
C‘é‘édrocarbyl roups ? p? pne aor nore cal E carbon
e st catheohawiony! popred YL RO 2 up 1o

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

carbon atoms.

[0042]  As used herein, "alkenyl" refers to straight or branched chain hydrocarbyl groups
having one or more carbon-carbon double bonds, and having in the range of about 2 up to 12
carbon atoms, and "substituted alkenyl" refers to alkenyl 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
substituents as set forth above. EML7218759.1 13 O
ATTORNEY DOCKET NO. 2103433-991101 [0043] As used
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
ATPOREBY DWCKEDNS, 2 H3d33 26t i t ut ed al kynyl" refers to
al kynyl groups further bearing one or nore
substituents as set forth above. [0044] As used
[0b43] ei s uscdhytein, rafyayt réfers ar omizhi @ bganohcpshhahidng:a'rml grheps
range of 6 u carbon atons a subs e
nag e e et b GROAR o P e esaditng bl G o 12
caPBdh BtomB LG " édbhtﬁﬁtb@ alﬁﬁny$ ‘atfefsas bikyrgbgoeps b bdariAg ourseanore
her ei n, "hggﬁ g refers to aromatic rings
supiigeriss iy fuHeby wme heteroatoms (e.g., N, 0, S, or
the like) as part of the ring structure, and having in
(0048 r Angeeddkreind arp” taﬁerm acamdtio graapphwyingrielthe sanse of § wi e d 4

et er oar 0
co@hiony “he b s St Ff o ShAUER e
mﬁﬂﬁ&ﬁ&a&&tﬁ&&dbh&rern, "al koxy" refers to the noiety
-O-al kyl, wherein alkyl is as defined above, and

[Og%ibSt ! tuyetd%greﬁl kl%)t%\{oarﬁe%a?é’rsc‘totapon?alng %g@ cogﬂef?ﬁh%%ng B hher

one or ‘nore tuents as set forth above
heﬁdi)&ﬂ(il]ls (Ag., Dis OdS e theilile) as gt bthe Ky struetfeppngd haging in the range of

3 1(1)9 149 4%%? étgrln.p%da’ i 1tu%ﬁ QU5 PRE RIS fﬂét’erbz{}{l dfifps RAMEE

carbon ato and "substituted
beatiied @ lok piote suwlherestsmsect}mﬂh@m\t@yl groups further
beari ng one or nore substituents as set forth above.

[0&%? 4 8]As’%§ed%ﬁ§jn ek Sy Mreferd @RS REMG L-OCalkyl\WBReiR Bk yIUS &efined
ref erenceto an aronmmtic rnng refersto rrt\{CllC

abpive, and "spbstitjuad iRy riefe)to @%ngroe%ftlab%bﬁagmé RB° Gri%br e

sub&it&nRat QT Borlt@b8ve. N, 0, S, or the like) as part of
the ring structure and having in the range of 3 upto

4 carbon t ut ed : fer
[0{)67]hetl\§lua fe R gfg)ﬁ%%ﬁf ?rts 0 rmgbCé)g’!I:a]t}ntinn% ﬂﬁrYQJoh;?s co{ttgtfnﬁlg§n
th8 LA bﬁa@&tﬂBSupa@ 8 ﬁz&borf amcrrhsh arab'tsutsmure@@g@q)alm" e&edo cycloalkyl

here ﬁg ;¥I e % %Qh ubstltuted aryl
GRS eéh‘?]‘““ i“tOEFt Sé] uareln Vi f%ﬁl efers to

al kyl aryl groups further bearing one or nore
[0848)St iAsuestereirs "lsadrodyclid”’ hwhealmgiesed with reference to an aromatic ring,

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

substituents as set forth above.

[0049]  As used herein, "alkylaryl" refers to alkyl-substituted aryl groups and "substituted
alkylaryl" refers to alkylaryl groups further bearing one or more substituents as set forth

above.
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0 EML7218759.1 14 ATTORNEY DOCKET NO. 2103433-991101
[ 00501 As used herein, "arylalkyl" refers to
aryl -substituted al kyl groups and "substituted
arylal kyl" refers to arylal kyl groups further bearing
one or nore substituents as set forth above. [0051]
As used herein, "arylal kenyl" refers to
aryl -substituted al kenyl groups and "substituted
ABTQRISEKSQCKET BDe2 H3u3B3-2d1yblal kenyl groups further
beari ng one or nore substituents as set forth above.
[ 00521 As used herein, "arylal kynyl" refers to
[OQS’OJI - S losdiheretre thrahlkyl ydferg) toguy substithted 'adhyb giobpsiane substituted
ryla | I
ary] al¥¥l re%é/ro%éearylglﬁ rc?ilpg ﬁlr@ér%ﬁle% nc{lllg 0%\ Ig{nggt?t% 1%?1%‘(%1 g%g%to f\(/)léth
ab2@0531 As used hereln, "arylene" refers to dival ent
aromatic groups having in the range of 6 up to 14
bo n o .
0631 e BB A ESA RS bR Ged LT Bobi and
"sshsb@tthawéqilkesylésefsreto Frplelkenyh rovies. fuftig gwpnggnw @gpre substituents
I xyaryl ene" refers to the noiety "Oaryl ene”,
%mﬁgﬁgp%ogfylene is as defined above and "substituted

xyaryl ene” refers to oxyarylene rou her
ri Agusedheresy "woplkywiystersiie apt-t afgugie&mﬁ gRuEd e
"sﬁtQQé.ﬁz%l utﬁyﬁ &% W&rszﬁlkshﬁyl yopORIRRer PERTIY Ghe1g more
npoun suitable for use in the current invention

ﬁ%$@”ﬁ$@%ﬁﬁgﬁmaﬁﬁﬁ are not intended to be linited to
any particular size hydrocarbon. For exanple,

jobsagir 0ge nsdamedig i aﬁgeﬁ‘eﬂ mgrexy ki vatann aﬂoﬁﬁhcugieumlaﬁﬂgjineke range of

having .relativel ar bon rou ch,as. 6
6 1o Par bR o, g iens e e find Pt e pffing

ont BAMoRQuEsa A8 89 sehRitB@bdves havi ng reI atively little
hydrocarbon (e g., less then six carbons) Exanpl es

o e RS ER A HE as ol ey e

as ﬂcﬂi&& %béd&aﬁd Sdqut(tt&e@oxya@ lend’ reférs tO bxﬁ)ylenE)gampi; fagther|bsaying

i ncl ude anothl EaV|ng mul ti ple thiol groups.
oneSHREITTYRS “ Q?ﬁ@“%éﬁ& & thiol groups typically Iess
than four thiol groups per nolecule (e.g., 2 or 3).

[0045] ec Vagsuskaampies o hlmlrgt\en pregutiog mmpoxpﬂsgﬂm})b%f% wsegp the
cungrllt(?Jl\fcé}xtilon a?{ ;l;po\%gé&/ C ite % bR 5AMURBd tobe fimilA Ak : ulvy pﬁﬁ@ulb&ﬂe

VI SCO ecrease the use ness of he
hydmrwbem ok oxantpire hyrdipgso pesstueing edmepoppdssaminciupeBakeruss, having

relatively large hydrocarbon groups, such as 6 or more carbons (e.g., C¢-Ci2, Ci2- Cyo, OT
greater than 20 carbons) molecules having relatively little hydrocarbon (e.g., less then six
carbons). Examples includes methyl mercaptan (CH3SH), as well as organothiols having the
formula CH3(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
typically less than four thiol groups per molecule (e.g., 2 or 3). Molecules having a high
ratio of —XH groups (e.g., thiols), form polymers through —X-X~- bonds, the low viscosity of
which can decrease the usefulness of the compound for the purposes of the present invention.

Examples of compounds having multiple —XH groups include HS-(CH,),-SH, where n= less
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Exanpl es of conpounds having nultiple -XH groups

i nclude HS-(CH2)n SH, where n=less EM7218759.1 15 o

ATTORNEY DOCKET NO. 2103433-991101 than 6 (e.g., 2-3),

as well as heteroatom conmpounds such as

dithiothreitol. O her exanples of conpounds suitable

for use in the current invention include

HO- CH2- CH2- SH, t hi obenzene, and thi ophenol. Further
AEKQRIPE € DUIKEoNPou®d433sWli@bl e for use according to

the present invention are illustrated in FIGS. 4 and

5. [0056] In one enbodi nent, the hydrogen produci ng
thmfmmgu Aeb),af weeli @s hatereatoth oompeinge smeleastdithiogtreitod oither examples of
comtpa n%r al tléll{)le ’for ufe Enqgerca SIEP é&{eg&n 15(9!?&5 0 ?#F rblgz énl% l?rH(')l%nzene
andkmmemui | Furmat ¢Mpkaf> ofaempewrtds auiteblrBiivseacterding to the present
1nven§ nea{t]%{l@%ratedtm ?ft% (1 , gas punp) is de.SI red. As

rodu0|ng compounds useful in the

current invention are typically in the |iquid phase
[08£6] r obrne embedimeniy the hyrtgomv@daamompﬁgnqunthwnreahgys pegfent,
at ﬂ)%ﬁﬂ%méqu'ure R qu% 0 (Gid. [ngéz liquld&ate tatergorﬁftenﬁﬁﬁ%é 39

en bro uci ng cofrpoun Th a reactive et al
ussfubﬁtr paatnealq, svherg @tiptatipn e’fbputrem@womphllq faeldgsperfsingangthodm §-o-»
| t r
e P ARRRhal ol Bl B R e S TP R e |
ingnbet aratygicalisinfils liq@w@hammn@emrze(rmsmd havpg boting point range
ofAH u%§? Ra ab }4800£00581 A reactive netal substrate
in the present invention includes any substrate

contalnlng a metal and capabl e of reactlng

(OWF7AIr ogbisIrBeFei T WOHBEHMAC e sPBRPEd Y asfﬁaéﬂre et

subHARQUBLmBL FIYIRA! ﬂﬂemlﬂﬂ%attﬁtgtah Qreahibibl @itiea fdld@kubstsate to
dehydrogenated as conpared. to ngg react ed Eﬁ rogen
[

prrefiusw@tr%@n &8 arrarga@?rltlafs baunddey SHFEe, 3 WFat es
can include, for example, gold, silver, platinum
COpPpeExaniiléd IMER-SHN . AuVet Al(-S®Yst Hat es can furt her
i nclude, for exanple, netals treated to renpbve a

[Oiﬁf a eree%ﬁl}ledeﬁtgl S%{)%UQ% uséfgﬁp é\lﬂ%@hﬁ& ntrchlﬁies 518@9&&‘4@

en contacted w
cothﬁr%giﬁﬂem mﬂc&palﬂg of reamipg withl a asdrd&esmrqdbeldg Prmamum to prowde a

bs t
spﬁr& F?‘?’E‘U’I"ng Pr ccsmS l(';un ro%nc? tso tﬁg S Par%e tixaltrg &]eﬁgdrg ngted as compared to

e or range o OICGO an
thaﬁrpéamﬂ hadregdﬁmr(a;lucmgl brsnproand; &utzbje fe@;twa mefita} gypstrates can include,

fO%g?l %e%éf g\/\\’l\enl' erEE{UHPI% a()@g% SﬂC¥CQl Sgﬂstl%ék LeJ.n f{nqhet— he

es u efu in the current
in¢ladee ol bxaumpi, menbtirehedriot reniow % surfespiiccotiog f therphyambanciag the

re%eﬁ?%fapa?ggg{hemeg g?ubstrate wf'xen né}aét@c? gf&l'a a h%cgb%e’n @\éﬂldﬁgﬁ on
cofipoftldus dbsciiyedtharine dﬁscful\metal substrates are not hmlted to a particular size or
range of sizes. The choice of an appropriate metal substrate size for a given application will
be apparent to those of skill in the art. Reactive metal substrates useful in the current
invention are not limited with respect to form and can include, for example, a film, sheet,
foil, wire, wafer, tube, fiber, rod, sphere, and any combination or plurality thereof. A

reactive metal substrate can also be in a form designed to enhance or maximize the surface
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reactive netal substrate can also be in a form
desi gned to enhance or maxim ze the surface
EM218759.1 16 0 ATTORNEY DOCKET NO. 2103433-991101
area of the netal substrate. A reactive netal
substrate with a enhanced surface area can i ncl ude,
for exanple, various forns of nanoporous netals (e.g.,
nanopor ous gold), such as described in U S. Pat. No.
ABL@BOSE 9 POCKA NO. 1193433 pr at ed herei n by reference
(see also, U S Pat. No. 4,977,038). [00591 In one
enbodi nent of the present invention, where reacting
ardatoé the yehtad ghntratpr A ckactivegnatd wpistratd with @@eﬂma@sedlwdm gEnA Cgfhs
0 und. bo t t
inchife, RePATRE (et e LEah DO R BRELRE £ bR R
defcgibed in WDS.an dlohé, 8055372, witicknis mwpratqddmevﬂef rnﬁteaise (see also,
roduce an unbound spent conpound. As
IJS?%ﬁgahéﬁg;&m?the term "spent conmpound” refers to an
unbound conpound that has been reacted wth a netal
[0859bst hmne embodimerd o€ e pyesend epntignavhese et s Getaedd as
pr&ﬁgﬁ? otugd hﬂag‘ﬁcepﬁ}gﬁ%% Bad¥n@ 9 UGhRAing 6 YH he Bits@kte R

reac Substrate. Thus a spent
mmnqaoﬁmhbrmiudpmsaamxaangztbn’p@m@ompramdKm& Geagthidaet ed

t n u
co¥nmﬁgu ngfrgxﬁtt 1%3%1 gl%sfrgt% 7o ﬂ@&c@ W b %{md Qlex?t%&%ﬁ&i at &dufegom

I'n sone enbodi nent S,
heOnBUCTch ‘isgenpcmmgpgmﬁ’ refiers to ;treur@bg@rp@@p@tpnddhat as been reacted

W191 Srsagl ﬁﬂ)s?va 6%1%1%&1%@ hg&ggengfﬁh Wik hydfo R RAEE as%@ﬂpﬁ&ﬂﬁ thedn

nerlc conpound havi ng the
hyﬂmgmprad@ngmnﬁz;unp pooiLie ectcting wiihsthemeoel sabstists. tThis 2 et

cog‘n%g 0 c]érg %cluhe a co ?Jnd &Hﬁﬁa& f)e%h ?eaclje@ wih& rr?efgp %‘st’?ﬁ@&nd f8rther

npound udes a polyneric conpound forned
difaksotintad ﬁombhmttalmnbanﬁtenm fommglegbpdimgnts, spent cerapaung {ggyoduced

in %%ﬁ%g%%?sgs%ocqénsn%ss eggéeggglgwf rp %eﬁh&nﬁgﬁﬂ cant %ﬁlﬁé ef&e

roce I 'sassocCi ati n mpound
exﬁmplm d d]ﬁemredoaiposrwti&t/mgtﬂe foramydh R%XfRa mgpdp‘reédu é‘isﬁ@o‘aatmg the

d &M ounl?eqal s{lbsstr%em)(lne efnﬁ ulngntt £ chfnpound includes a

S SSOCI or ganot hi ol at e CO ound from a )gol
p0$}lmim$1t mahppumd) fdrmcchfram dicombinptipa ofpIulipla (&-2aat lpast W&-

copggtg%s Sisas’o&q te%f@n?theﬁle%l Shsdge.t An [00611 It will be

omever that a conpound produced by the

dlsaSSOC|at|on step can_include co oug} otheq}than
[00&dhi Fhe progesel dfxﬁgpspplpqng the Bg)@on@)gﬁ?pghpqm e(néetad substrate, an

thQ‘Qd)}y;ffFJdcﬁlg %Q%@é’d}@ouﬁch XL eX@ﬂhﬁllﬁBdSl@&&Q@@f&ﬁﬁﬂio&ﬁtﬂ@ dnhe
substrate. In sone cases EPL o Mhere. a
orgariothiciate pRpeRoBRrbiop A SBIYSHBRTIE Shisat ﬁ&'SB‘gﬁB oegye 2

plurality of reactive
Example: Au(-S-R); -2 R-S-S-R + Au

[0061] It will be recognized, however, that a compound produced by the disassociation
step can include compound other than a combination of multiple “~X-R” compounds (e.g.,
polymeric compound) that are disassociated from the metal substrate. In some cases, for

example, where a initial hydrogen producing compound comprises a plurality of reactive
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0 EM7218759.1 17 ATTORNEY DOCKET NO. 2103433-991101
nmoi eties (e.g., HS(CH2)" SH), a spent conpound can be
formed by bonding of two reactive noieties within a
singl e compound, as illustrated below S-S [0062]
Vari ous nethods of disassociating the R X conpound
fromthe netal substrate are suitable for use in the
net hods of the invention, including, for exanple, by
AFRNERDOIK R Nan2108488kqgy 1Gour ce. I n one exanple, R X
conmpound can be di sassociated fromthe netal substrate
by the application of heat. R-X conpound can be
mdl¢tiRa &S, S CHe),SH)oamstehiecompbald can b forragdebyf tonding gfamwplreactive

greaf er n The applied heat can
’nTﬁ§F“§§nasg$k QTS %1ﬁ1r§8%8ﬂmg heat source of about

50-100C., such as 60-80C., and nore specifically,

about 7OC. O her net hods <an_i ncl ude application of
ultraviolet (W) light, §r appjication of an
el ectrical current. Surfiace i/nteractions between a

bound conmpound and a net ab—substrate range according
to the present invention, typically range from about

0(;69! KJI4aRdus mt}@g’@é{{dlsﬁgo&%ﬁ@ﬁe R-XTdghpb ot éth Bre ﬂ&kzﬂi substrate are

eraction, for exanple, 'has an |n er act p e

suisghin for @5 ikt sthods "lfﬁIEFsm"eﬁ‘B?‘é I@H@rﬂéy of ﬁﬁ‘H‘P%s %3P ﬁg@% 0 fgan

engrgg ?tg.\r(teo It R exihhagext-8mbbbarcat 8 di-sasneraifdinahé Metal substrate
mpound. The particul ar amunt of en

byrthquppk@gom @frhear KX sompapn Y t@dihﬁgﬁ)saﬁate% galﬁadhet rBetgltngstrate for

exﬁﬁé{%l at SHOS bF QE&@er‘%alnl%Qte pﬁﬁ@pplleﬁ h@a’# tdn in@10dd, AR example, applymg
I nati on el ng

a hept spurb@ofraéa@ﬁp;l Opfér ereh %ﬁ§8188 bemti ﬁ@f%%???lf@i)yéh’t"ﬁtggﬁp Other

mé:}?cfds taH ihdi6de MpRGHSSéAMMrRfolet (U‘S)Sl‘ight @t hpplicathaf an electrical
substrate bound R- X conpoun

cugrep Srce FRErRtP R Y T é&g@dépmpeﬂfg&ﬂ%? Rt gppgrate range

ac&ﬂgmgjtbr{ﬁi@ rteJtenih%tl , ARy fa[rl Efom 868t 16 Klf/m&l)taﬁbﬂuESO kJ/mol.
[ czak ? " LangnU|r 91, 7, 2687-2 ? ie
Tlmthlolme g,OIdSI}tﬂa&tt‘@ fog pramples bﬁ?fn ("1‘99@)0“ 74N 3&3 ap!

lﬁg ‘more &R 3 51(9 %last b%’adge%qg thé %ﬂi’?ace R!Jlﬁﬁra@&/dlsa@iocxate the bound
angnui r 1993 636; Huan(gf al ., 199

copyppurGh d e ng;@@xlar Imguntggqggrgyg%me r dﬁ?SSQﬁ!ﬁtl&lﬁ c%fp%oung bound to

thd H&Qiﬁ{?{tﬁ{eﬁﬂu Ia@;;eﬁﬂ Mn Béﬁ b ﬁﬁrcgﬂgﬁatlanQQ%%om@ alll rﬁaﬁrb%mg

I nventi on i ncl udes regener atin ydro
utihizesicand wnlgbe r@@dﬂwﬁgwanm@%%stb@ﬁi@ ledsan ’go é‘i“é%‘?%‘?gf

di Qgg{tgxg%taq %ﬁgﬁlﬁé Q&mﬁ (an‘() Qbtisbubd, Q‘H&Yﬁe@@&ﬁperﬁﬁ%ﬂmelea% of

or exanpl e, react| ng a sp ent co ound WILt
zgp al muxr

orgapdthisgasnc qrrcpoyam@dmem%tal subpGEITer: ffﬁ\‘ﬂ"‘ﬁ’&l%\ WYk
195087 808 J689aNRRAL LGl UM L Y6Bn R4 I Db 74 ABPRUME et. al.,

Langmuir 1991, 7,2307-2312; 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.

[0063]  The present invention further includes regenerating hydrogen producing
compound from spent compound. Regenerating hydrogen producing compound from spent
compound includes, for example, reacting a spent compound with hydrogen to produce a

compound having a formula R-XH, thereby regenerating hydrogen producing compound
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0 FWM218759.1 18 ATTORNEY DOCKET NO 2103433-991101
fromthe spent conpound. Various nethods by which a
spent conpound, such as a dineric conpound, can be
chem cally reduced are known in the art. \Were the
dimeric conmpound is a disulfide, for exanple, the
di sul fi de can be reduced with hydrogen to form a
thiol, thereby regenerating the hydrogen-rich thiol.
ATFIORKADOIGKET K. 2i08443f99d&0lcan be reacted with
hydrogen to forma thiol by catal ytic hydrogenation
(e.g., reaction with a rhodi um carbonyl catalyst).
froviathi Epedt crm{pbmdis Vadibug hethaiabaptch e sj)wxdmmgxemai, sah agh dimeric

or ot hi ol s, r anpl Wi I | adi .
CO{ntlﬂqO(?g bg R@ﬁ”}“‘é’@y Ir%{(lfeﬁp reg)ﬂowtl é’étge o'?»’%eerx éhey 1%8%@ g%und is
a dfatfideNOr exdmpR/th8 8l fid Bon b2z reetueid. wmﬂhydrogmtb dorer BBbiok Mwesby

431 (19 174- 185 The hydr.ogen
e T e e T Y
hyamyer® térach tiddbycatalytichedapdnate. (9.2, reebtememl arhpdjum carbonyl

ca%i,ygé. I?rgotulg ?ngplgéset%? t‘tslg 8&1’(31%?({/@@{;3&9 181§ oth (X I?o\rl/sg 903 %Xem@leg tlflll

beﬁéhgllf@ﬁpﬁ&dﬁo &Ho@ed feltkion nedst (fq rfox&xam]ﬂb a} Sdrat bﬁamsbs 84;
ydrogen wer.e atlon

B S PR c YR Bh B SRS Akl RS Hn

th€spBnt cOMmBolind @&n lﬂa ﬂr&ﬁﬁéd l@rhn$ Q’@ﬂfo&kﬁovﬁf ia ml’net de(e ly ellleclgné)mc

product i on, t ne e { )Wwé‘ilerethe

digspaigtionOf B Org&rrgs%f Y °?Pé e sPueéﬁ“f%% °“ﬁ?e e

m&eﬁﬂﬂecfeaitcélsr A8 nRMHddPire §éifﬂfn@8d (f(ﬁ e@ample, loabodria Ihgdro@nepowéred
ess i nportance, 10064 rati

0 f .a
el T O BB EPERT R S SRR At d o oten 1HoGiion can
ocB @MPlobdtioR GepartcOiom fhe Giycﬂfegdn(prdﬂu&EUnf sudie as‘:‘@lﬁfﬁi@afw thefv(ehlcle
exanpl e, can be reduced H r e % a es
Wfreé“gléﬁ‘&tla’tlsé’fteﬁlé“w}b‘ﬁié fucfiag g’PF%‘B’F Rrg?rb‘{
re@irSik ¥ drél6f 168 imfitanonver ted to thi ol by cat al yt| c
hydr ogenati on, as exenplified in the two reactions

[0@(14:] uskr %El%%lonb&lﬁ%%ro%l%r ugn% ??%poun@ﬁangdperﬂ%rﬁﬂound is
exemphﬁed below. A dimeric disulfide compound, for example, can be reduced with
hydrogen to a thiol to regenerate the hydrogen-rich thiol. For example, a disulfide can be

converted to thiol by catalytic hydrogenation, as exemplified in the two reactions illustrated

below:

R—S§—S$—R + Hy ———» 2R—SH
metal catalyst

SH
+ H2 D S —
metal catalyst

S—S§
SH

[0065]  According to the methods of the present invention, hydrogen can also be produced

by dehydrogenation of a hydrocarbon moiety of a hydrogen producing compound, wherein
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CSH [00651 According to the nethods of the present

i nvention, hydrogen can al so be produced by

dehydr ogenati on of a hydrocarbon noiety of a hydrogen

produci ng conmpound, wherein EM 7218759.1 19 ATTORNEY

DOCKET NO. 2103433-991101 the dehydrogenati on occurs

upon reacting the conpound with a netal substrate.

Thus, in another enbodi ment of the present invention,
AATORNBYDOQCKET di0. AYp3asdoPriotuci ng hydrogen for use in

generating energy includes reacting a |iquid conmpound

capabl e of producing hydrogen and having a formul a of
thRHehXBtogematién eccre tpdn rsastisg thatempayng Wikl a owishgubsterie nlhgadn
o EySRERL: SRR inddnRBE HincGRTBPUARCAR plfiGitiiFrogen
ﬁmb&nmgnwEMngemdghmmubgewamgdlmmﬁamnynmdgmﬁbhOFéﬁﬁ@dng

e r
e PR ORE § PR RoTT i i Pltte obaftuce Bladben g
ardlGpent cgHIRH6]. Alslbelnougtpouﬂniacao urtcmdvgéorm‘xam;ﬂd,rax@mwound having a
fogrfl qd RC o oaeerthgiﬁg%éjeﬁl?gcgggpeggte@ {cl,la?(f? & Rl!‘ﬁ(d—B@%&Qﬂ%ﬁP' ety
dqhymgamated relaging fodh; or d @mbakadnthéreofd §h1$a(blredgema}t5| amwaStdhéned
1jorlnmple Is the sane as catal ytic hydrogenation. The
d'¥ference is that the hydr ogen source for this

process of hydrogen production by hydrocarbon
[08efly d rdgerghtthaartjome b hestiedea proguciing by ejrrAiogenstreiidl e

h)IdH%LrbgrQHlt)i%{m a X%Q&%dulzlﬂg CMW abRt /bt present énventlon

rogenati'on the catal yst surface breaks the bo
1s|g@ta1me¢¢hmrqge@gteqm thewsinsiplel s the saves dprcpialatie byd(r%epﬁtwss The

l.
oS L R Sy
hydfoctiben dahoidrograation is netetially emnassganisanolequjefthat gongains hydrogen In
I
nq?%gl c%&@ﬂ g?{ﬁ%%e’a‘gtﬁ)g r%l?g &gﬂ}’ﬁpsaﬁr'fgé;eabgﬁki ﬁﬁg?ﬂﬁeh&qn Hfldro en
mdleéulmMntﬂisbmwlé) (FoH 4661@/1&1571@} o prabUommp wmg withi s

hydro§ AL GE t}?:% %oggselgck ST I@Xﬂé Qﬁﬁ{ Q}Qﬁ]oéﬁm 5t%l:nycah Rave the

over K e G ot o surface
suaﬂa@t asagdregdmyeds. o@f@nrdﬁrrgamhe I¢err¢13v metbe@wﬂtyﬁrqm Broguckipg

hyd?oc%o?mgggrc%gﬁ ghis dEﬁn@é a th ﬁ?}eyh&‘?\%g@rf(}ﬁ%&ﬂ{g'cgﬁp&fnd is the

ener gl es arbon noi et es
sofiee gf hydEigen. Hk iy drdcaybm neietyGHBGHE dMeshd cata)ystrndethe catalyst

<HEEEEC 4D ) R o SRR GBS R i

Ag exaniidtinmblspmareditha borstamprgies §a Y rpCarpsimoigiish & Brfeigil 460
KMhOIR G rReN 180818 Cof,chXdr,098m Kilhdk; 436kl oml@k7s

kJ/mole; (CH3);C-H 359 kJ/mole; CH,=CH-H 465 kJ/mole; RS-H 367 kJ/mole) and a
comparison of their bond energies with the bond energy of hydrogen (H-H 436 kJ/mole)

as

suggests that any of these molecules are capable of losing hydrogen atom to the catalyst.
However, it is easier for those that can generate a more stable molecule after losing hydrogen
(e.g. propylene and 2-methylpropane). In one example, a cyclohexyl moiety can be selected
because it can lose three moles of hydrogen to form a very stable aromatic structure.

Converting the aromatic group to cyclohexyl moiety is a known process (see, for example,
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suggests that any of these nol ecul es are capabl e of
| osi ng hydrogen atomto the catal yst. However, it is
easier for those that can generate a nore stable
nol ecul e after | osing hydrogen (e.g. propylene and
2-nmet hyl propane). In one exanple, a cycl ohexyl noiety
can be selected because it can |ose three nol es of
hydrogen to forma very stable aromatic structure.
ATHORKBEY IDQCKEENEr #3399 10lup t o cycl ohexyl noiety is
a known process (see, for exanple, EM7218759.1 20 O
ATTORNEY DOCKET NO. 2103433-991101 U.S. Pat. No.
US, BBN® 33 89,235 avkiMaltal ettal. alatalyiall yirgeenatioppfiBengensde i on
t | | h
CRion e B R Y, CUBEPL IR RRDROR, SR e A ARBb he
pr{xesie gxtistes] hyrlnpmpbztledemgdw ontb¢oyy.iapy atpeahes g pr@Cth% nEdhs
ra 1cy}f sasb %El% g‘fa{he %@&e %a&%ﬁc %1 ro%&@m fol g&ﬁ’&'c%&lsd B effective for
It &bl e above reaction. rocar bon nol ecul es
hydaxgerabmducbm éﬁﬁeﬁjt ive for hydr ogen production (FIG
100671 Exenpl ary conpounds suitable for storage
[OM P IEQQgﬁgljy Q&nﬁfunﬁ‘sy th?&@fbr Wraggﬁﬁ)b%(ﬁg%%tf httogh by

rocarbon"noiety i1 nclude, for exanple, butanethio
depgdwmetmuoéhydroqaémmw J@Pludfz:)&zflem@ﬁet@?ﬁﬂapl pegtqgethiol,

he;(an%fh? Jggllfa %Blhhrﬂll 4-Ge ib%xaﬁ&?fmﬂ BthePExafPIER OE R Hounds

rogen %gneratlon dehydr ogenati on of

suaalﬂg/fsbr bx:da@g.@o ngemtlen by flehyfinggenatiofeof afhéﬂmm%g}n%‘mbﬁa the
fOHJﬂLIH% rﬁﬁo%gds ifudih&Pin H68Wama-5. [ 00681 The conpound

hexan |th|oI and gold are used to exenplify
of a

roductlon of dro en b r.o natlo
1OBGAr 0k SOFOH by SRR P R RO AGHIE] g OiSbrRuction of
hy@fdz0r 6 R@rdgendtibe ofd BEegRbrbbininetyl oia hyaﬁtﬁgdnl plrchtEttmgt@nbound
bel ow, when 1, 4-c cIohe ndldg)g g .@f anggua
acgqring éthe Pigembigasitiey Anlpsitadypelows WA iTPhETE
cogi“aéflsq %Céomhgifédadhﬁimg@:h 1sIuSstag?5be‘1/d]a-§eZiagd the lstpﬁgmbﬂwnlmbthwm ds
i t hi opar abenzoqui none a or nzenedi t
CoRYRIRB G Com B S LGS TSP TOAREY I R ET R B
hydidy3d33- 991101 Exanpl e: S HH
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H+ 4H2 HS H Gold H*H H H H Dithi oparabenzoqui none
HHHHGId SHHSH HH 1,4-Cyclohexanedithiol #
+3H2 HH S H 1, 4-Benzenedithiol [00691 The spent

conmpounds di t hi opar abenzoqui none and/ or
1, 4-benzenedithiol are separated from hydrogen, for
exanpl e, by any of the various nethods known in the
art for separating hydrogen froma liquid, such as by
ATHeRNEV@OCKET d0eBB4319%1hel r boiling points or by
menbr ane separation nmethods. 100701 The spent
conpounds produced by the dehydrogenation reaction are
Exapibl e of being re-hydrogenated, thereby
regenerating the spent conpound tg a formsuitable for
re-use in hydrogen productionH Accorging to the bel ow
exanpl g, the dithioparabenzoqui
1, 4- benzenedi t hi ol can be chem reductt to

1,4-c§bl%hexanditmﬁﬂu I hi sHprdcess, the nolecule

IZﬁ e- Dy dr dgenat ed ot recharged” Swi th hydrogen and

C utiTized for ' en that can
Eﬁ?{hﬁeb%‘é%ﬂéﬂz&%tﬁ’ﬁd?ﬁ

9
Jg exanpl e, for generating energy. Various
metfrody tﬁHmhlch ggﬁ%hydrocarbon noi ety of spent

conpog uch a i opar abenzoqui none and
1,4-behzened|thlir\ﬁﬁ#ecuLgs can benchem cal ly reduced

are kn%mn in the art and include, for exanple,
catal yti c hydrogenation. For flixgher-di scussi on of
1 BySlcRmakddithpdr ogenati on,  such catial y3H,c

hydrogenati on see, for exanpl eq”Bgtatux et al.
"Newest Hydrogenation EM 72187595l 22 0
H

1,4-Benzenedithiol

[0069]  The spent compounds dithioparabenzoquinone and/or 1,4-benzenedithiol are
separated from hydrogen, for example, by any of the various methods known in the art for
separating hydrogen from a liquid, such as by the large difference in their boiling points or

by membrane separation methods.

[0070]  The spent compounds produced by the dehydrogenation reaction are capable of
being re-hydrogenated, thereby regenerating the spent compound to a form suitable 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 process, the
molecule is 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, for
example, catalytic hydrogenation. For further discussion of hydrocarbon hydrogenation,

such as catalytic hydrogenation see, for example, Botaiux et al., “Newest Hydrogenation
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ATTORNEY DOCKET NO. 2103433-991101 Catal ysts",

Hydrocarb. Process, March 1985, p. 51-59; and U S

Pat. No. 6,794,552; all of which are incorporated

herein by reference. S HHH HHH2 , catalyst s HS

Di t hi opar abenzoquinone HHH HH HHHs Hz ,

catalyst HHS HHH HH1,4-Cycl ohexanedithiol S H

1, 4-Benzenedithiol 100711 The present invention
ATIORNIEY DOSIKRTENOt 9 034 3ehbY of regenerating a hydrogen

produci ng conpound from a spent conpound. Such a

nmet hod i ncl udes receiving a spent conpound fr
Ca@émse,eH)fdmcam Buersi,idarthy t8d.ge Al Jﬁ&rang Erie Pat Nadh: é‘?ﬁéﬁéw" of
whla\ aaf[: %@&g&gtgd LQ@n&? E&&Enc@onpou nd wi th hydrogen to

oun aving a fornula R XH, thereby

regeneratlng the hydr ogen produci ng conpound fromthe

spent conpound. [00721 The steps of produci ng hydrogen

for generatlng energy and the step of regenerating

t he hydrogen produci ng conpound fromthe spent

conpound Hsa cur at the same | ocation or |ocations

of close p mty. A geﬁ ¥e|y, t he hydrogen

producti g (ep'H and_t Ife 'Spent conpound régeneration
step can occ'r at diffe | ocati ons. Hkeor sexanpl e,
the _ hydro groductlon step tan occyr i\ on- board

an QU? ﬁﬁﬁﬁ?@ UWEY'Eas the spent conmpdy H
regeneration step can occur off- boar di o uaﬁ?te from
t he aut onobi |l e, incl uding, H H
H\S H, , catalyst H H /S
H H H
H H 1,4-Cyclohexanedithiol
S\
H

1,4-Benzenedithiol

[0071]  The present invention further relates to a method of regenerating a hydrogen

producing compound from a spent compound. Such a method includes receiving a spent
compound from a device for producing hydrogen for generating energy, and reacting the
spent compound with hydrogen to produce a compound having a formula R-XH, thereby

regenerating the hydrogen producing compound from the spent compound.

[0072]  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 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-board or separate from the automobile, including,

for example, following removal of the spent compound from the automobile. In one
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for exanple, follow ng renoval of the spent conpound

fromthe autonobile. In one 0O ENI1\7215759.1 23

ATTORNEY DOCKET NO. 2103433-991101 exanpl e,

regeneration of spent conpound can occur at a service

station, anal ogous to service stations (e.g., gas

stations, truck stops, etc.) that are currently

utilized. Where the hydrogen production occurs at a
ABIGRNBY QCKEN NO. 3106#33a¥0140bui | ding (e.g., hone,

busi ness, dwelling, etc.), the regeneration can also

occur at the building, such as a location within the
exbmplle,dbgzageraﬁmnbf ispenc I:cms;@upxi oxiontur yt 4 srvidgetakion andlegyus to service
staélggs <§, g, algas sta{%grésa ma(gst(a)s efte)ﬂé%tgfet uPrEanl}Lh‘Eﬁl é?iln e tﬁ@ﬂydrogen
prodiO@] octlreatprsesiondry by ewhiapa bhildinghess-, h@hatbeansa dyelling,

e for rod cin r [

e Pl R R Gty B S lnd, Shen SEREARR Ny P06 blKing
an&dﬁ@bsﬁ(ﬂ:rdxﬁm@}omtﬂaa Incatian Within digpevilping diﬁmdmge@mnﬁmuﬁ@ or can

chﬁ\étg C?@“%ﬁ%@ﬁ“{‘,ée’bu‘mere R is an organic noiety

€ 1ol e'f%/ sel ected fromthe group of
sul fur, oxygen, and selenium The device further
[0073¢ | ua‘bsprasenenmnngru@sthcra@letea@atpie@ﬁe fop produing hydeogen for

geg%/{%tgn%p %Qrg? r X%Q\%E&g g?e%u&gmkl‘adeswsg)% SesBX O AEHRJI §RSontain

ound bound to the
a liyetogkn pmdllhwtgrcampour{d@@vidg a formala ReX¥HowhaieRiis apragadia meiety and

i it i
S BT 5 AR R RO e e
futhdd Sichatey méthleudsemtecadamaho achll thé hmig}gey prodying geepgppd to
prg%.\% g%/jjﬁ%g%flil Irggsean g e%Pc%nﬁ%tm r%!%‘?‘ aPR! )@Edn%uﬁchﬁou’ﬁ@ W¥e metal

strate to produce an
substheund spent conpound (e.g., a dineric conpound
having a formula R X-X-R). The energy source can

[Gb’ﬂﬁ | UelCan &nfod@ANPhRe the rdd€@in oF BYdrEEenPEodacikly! cdm;giﬂhd w1th the
source. \Were the device is present on %%uto

eI s G DSBS Be A SYRCTE A Ak "R Gy

mElﬁ%n%nE%Q ERBEN A SBRSH A sBBoHRMb €l boShEddngHuRl ihyd the g&lﬂa
stion engine. In another enbodi ne

subsftpe te Rrodueecan UpbouRd SpAnEepTIRGRnd (&8p ¢ Simeric 6&‘?1{’?%‘8 h@i‘@?ﬁ ac e.

fobMuIS RER XaRh, eI QEd: BE furce CHTRLIBR, fd?lék)e[rﬂl;ﬂd: ﬁ@ezﬁ@blﬁbe or aUV hght
substrat e and bound conpound

sodesoi Hbererl XIS T o8 AR RGP BB B s PEBATES o
inQlEEeat Rrivel 32 8 Qpdroded chRMMthgGRMPE Wi ab ﬁﬂyﬂrbm cﬁﬁblasltlon
substrate. [0075] The device can als %jffl from the
engBseinAgioTes SRbOdisH. e TR SR CEUIGURIGH o] g fom
device. In such an embodiment, complex comprising metal substrate and bound compound

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 a reservoir for storing the spent compound. In one
embodiment, 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 chamber

adapted to react the spent compound with hydrogen received from a source external to the
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enbodi nent, the reservoir for storing the spent
conpound i s adapted for renoval of the spent conpound
fromthe device. The device can additionally include a
regenerati on chanber adapted to react the spent
conmpound with hydrogen received froma source externa
to the 0 EML7218759.1 24 ATTORNEY DOCKET NO.
2103433-991101 device to produce a compound having a
ATOORNEY IRGH,T Npe2 EBY3>&Yétker ati ng t he spent conpound
to a formsuitable for hydrogen production. The device
of the invention is anenable to utilizing the
detwigd toogyeducea sommpugdhryingtagormmvda ByXH, therdbiy 2¢gquerating the spent
hydr n S ' . .
cog%%un%%g a f(%%nsgh%le F {;Sﬁﬂ@g%g 81%9&‘&%}{ ‘I;lgé’]cliekfgg bﬁgg lrng%rgi%n is
anmmﬁ:lus)tutmnngmgmmognn gamtoageﬁeuab ermeg}d. UtlB0E 8 hFfiGgerzas to

ecayrut S RLERAT B PO850R, SENHE R A LRSETERANER

amheﬂmnvanmnnmaaﬁhsxﬂlIustrated system i ncl udes a
filling station a device 32 for producing

[OW r oﬁﬁp 2f i Rlstr 3ROSR i@lﬁ‘ég@ﬂ pRIAEHBY anPRferRrali&NTN@m 30tad HSike 32
devi ce I ncludes a storage reservoir 38

acgqjélpg togpntegnbedinenl; qﬁ the 1?1‘5?6?‘@{3] drie pl}qg@fﬂ@dr W@te’@é‘?ﬁh‘&qﬁ@ filling station
340 Qgé\n& 33 fé Sﬂﬁklﬁ% %'Men%}e%egér&n@ ch&gRAn®4 B1VA sBRbEIG/ The

ecte rom su oxygen, and sel eni um
devise 32 éloiué@ agforiagresHRPpir B adaptsd 40 eonfakt by dRgeRRiPgReing compound

haSHP S b $ Qkﬁ%%ﬁq{ ishR ofg@ﬁ@ toleRLan@ 1R @él&@edtfﬁ)rrphﬂﬂﬂ ce

spent conpound and R- X conpound bound to the net

oxggays endzelening. Thg @evpﬂ;épé@ﬂw @glgdeqaﬁeqcﬂ‘ée @%@ﬁﬁlpqtrﬁeéa adapted
1o SEEPAH 5r‘$§rﬁ§oum{~I SrdiBd HEnticHBHAHEE Endlor K-Ka6EbARd BEATAE thedrtetal

cont al e metal substrate 40 and an energy source
subistrafech0, andlhyézgsmaat ladhe ¢remplified covbpdiment. the dedeetibelydsea

reggla’ EI@Lhaﬁ]%QISJZrc%Bﬁmﬁ'\% tﬂeomptEl%qysQﬁtealﬁ aH@Qpéh@%y sSRENA for

ric comnmpound aV|ng formul a
leSS)&iCI)’(teR)he RFKecomewnd@o@zi tf thetoipgal sutishetp d@jwredupeapnppind

SpFl’ﬁ cgrgé g{ é rl?mérﬁ@&'inggm'éﬂ a fMHuGR-KaR Rt?e"[ﬁéj&%@ 82 further

or r ent conpound fromthe device.
indthdes pessevoipié fog stoangjspsntcyp@g@lnﬂe\g@fdv%nrbe adaptagdorgepayehplghe

sp?r{t co&ggqu ?roﬁxstgé)&%lcg ofpfd 1'3%% 46%3 stofdl reksvdipdzhivt 'sé?ﬁﬁﬂa or

a barrier . In one  enbodi ment, the
fotyagdrais ene ab?itlmns wat tiaatnmﬁéfatmned ieexarenle, by g baggiced’- tIH anc

nﬁ%ﬁ It ﬂle%]tarrfep?ém%@gmogeabw;iﬁie? lin Q8ich BRDoLiISh HAhdWBRable

resérvoirs posi tion of the barrier
barrger deffriesi thn velimes ¢fgeseariipdt &d 46y Theposkigd of the Rargier is influenced,

foﬁsgﬁgé' by PR ad iR fei R al bl Qhér@fbét {hY €1 ARP sAbsntOdf hydro gen

genn produci ng conpound a sgent compound i n
prp@g@g@gﬂnp@ng gndygpgnt£gmpoung rylé@ﬁqr‘(f@[s apg,$6, respectively. For

example, where the barrier 47 is a moveable barrier, filling of the reservoir 38 with hydrogen
producing compound can cause 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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exanpl e, where the barrier 47 is a noveable barrier
filling of the reservoir 38 wth hydrogen producing
conmpound can cause novenent of the barrier 47, thereby
causi ng an expansion of the volunme of reservoir 38
and a corresponding contraction in the vol une of
reservoir 46. The system can further include a
hydrogen consum ng device 48 adapted to accept

AHWREE&DO@KE)’ﬁNﬂhéIQié% 24182 of the invention. 0
EMK7218759.1 25 ATTORNEY DOCKET NO. 2103433-991101
(0077] Operation of a system and device of the

[0077} e nOperationsof disgtiens srstilewice pf theinaersiae é dissussi] @th gference to

F IHy 5’ r H%Q eqr P g&?? gorrrrl%aaq?d)(](é%d h(ﬁdg»rganéthxgwlgtraggtgﬁ&pﬁ&h Qlﬁ)lmg

i'st ranst station
stafion B¢ o tBQdf(VSe 82K3e6FIQ. 2, stee p)- gomp@m;im irf ﬁGxM i WPFCNG{ in
C rgshyl
i fofy AUl bl Tt Wbl o AT, B oF G i,
thdemgrodpd cah be reactap with d rapetivemeetal edhstrad 4ot froduce myalodgew gas (H,

b .

R

FIGo2 tswa 3etlzl hydmget rradueediffoni BeecactiigBtepkan Qt dipscByl to ahpairogen
h d f

co é{l.m gc_.{gc?eallc? QQ sH%egr oﬁ%eg n@lf %%n ggﬁgér{ J&g\é\ﬁ/gtgg ﬁ%&: @ ]If]IG 2, séep

4)f Ul"hé Ré@d:dmponnchbduy@ltodg@metekmmmtﬂ4@r¢arebﬂ}il$a@50(>18@é fiomhe metal

sug'stt a{% 40 app}ﬁgtlon o)f( Bge?%spf%’m gn pn%%'dsa&r? M@) tpE&ltu@e! a sgent

BStr a I 'Sassocli
compbmtdr akck asiOdilmgriapgiphpooat haamg@ffoxmmmw Xflbﬁﬁeaﬁlce ReytepyS).
Qur 4
Fo oW %%&e c@sggsgmgtﬁ %%gegvsp%nt%gﬁpeolfnﬁgm ?0? ee p@el 2C1_§L’ter2

cosdleepﬂt@l and thatlowoﬁ@hqmds i rosez a4 6afor & wrgtseglt ceypraynd (See
Flgofrg&:ﬁ %gt él:p%n on 8S®dl & {hgxg be rfe W{h@ TCSQJVBI? k6 at a removal

ormati on 0 IQUI , Ina reservoir
sta4ién B 6 fSes iy .i2ngers Pend smmhdeg{e&rewd o adormp suitgble fordy drogen

noved fromthe reservoir
m%%@ﬂ% P ﬂ%@%?%ﬁg?ép IB%%&§See FIG 2, step 7) and
subsequently regenerated to a formsuitable for
[0078dr 0 geerrdipglpdbcrrpssnt ipeengon alwﬂa‘@@ g)ﬁcmmss(ga@br fﬂbproducmg and
utﬁ:lQlﬂE Qﬁﬂggen O hbbimekdin Ss¥mbl} BRIAELSRBE unﬁtffbﬁ%@flér&ﬁlg

'so relates to an assenbly for producing a

hydtolgm aridrigeqopd peifon vilizinedydrogfris GP e enefa%(eWBeee 5 sgeond

unbt §a§ddgt@§toaac£ fpf Byldrddh froh Ae HIONBIAThOSrst IMAAQERD2 AR
second unit for utilizing hydrogen to generate energy,

resghioireidaptedie cersaip A lydrogenprqducipgeqmroynd kivigadpim en
W QMR EDG Jr%’«f %thQtB't(see IR ef dntiK is Qé]ééted' Rl thel @ﬁ)uﬁ oBduBihage
reservolr contain a rO en prod ucl ng

oxygampudrsdlemnm @1131 aaneft@ seRsirate Rdagfed to react w1th e hydrogen producmg
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 or automobile. An assembly of the invention can additionally

include an energy source capable of disassociating R-X from the metal substrate to produce a
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wherein Ris an organic noiety (see above) and X is
sel ected fromthe group of sulfur, oxygen, and
selenium and a netal substrate adapted to react with
t he hydrogen produci ng conpound to produce hydrogen
gas and spent conpound and/or an R- X conpound bound to
the netal substrate. The second unit can include a
hydrogen consum ng devi ce, such as a hydrogen
ATOORNEYIRPCIREG N2 HB423-9UdPl cel | . An assenbly of the
i nvention can be contained, for exanple, within an
vehicle or autonobile. An assenbly of the invention
spewtrie. adaditriconedohppund ryingadommleer §1R)s dbe ereraysparct enof

TR W ARG L T o

2103433-991101 spentmﬁ .g., a dineric conpound havi ng
[087% or Ah¢ 2sserably senRyso i @e@ﬁwwr&ﬁo@eg thespent ¢ropngyed. Inone

erﬁ%ﬁm%@%lr?serv@lr h&atorne HeGFenPEonbold & h8HptedTOUEGEVal of the spent
"The assenbly can al so |nclude reservoir fo

cogtpem gpe the deyieentThe avspablii gan additiopally eatse r?ﬁéﬁ%rathnr?éamber

ad%;?é@{o\fgdc{ th %entsctoﬁfpbﬁ}gi \L]E}ﬂly%lfb%&& re@&%qma ioarc@daPtnedo the

r enoval spent ngoun fromthe device.

devise toapyediep i an%bﬁi’iﬂt& aofﬁ@vql b theerby sesensgaivg tha e
oo aﬁsifa%af&%e&&% %th&&%ﬁpkh@cﬁ@em conpound wi th

ydrogen received froma source external to the
device to produce a conpou V|n a farmul a R X
109 o BYE- At ey YA S BT A BEHAnEe & Pfment of

thS HivéBh. eAfd@%cJ‘SQ!ijQlﬁkeiﬂveFﬁﬁ&dééﬁﬁ)b Meated, FOEERhmPik Gvithin a vehicle 54
further illustrates system 50 andﬁgeV|cevgﬁ acc r di ng

thatds benecnonsEe Bis A DY GPEENCRRSUMIRESYIER PP Thugd éstw 6¥S““’t”h%°

m&lﬁd’e@ Qtvb}%le g@ﬂa\k}% th@@e@tc% ) er%Fodﬁéﬁ?ﬁ’}d@ogve r3ekbraling energy,
vehicle 54 th bei ng powere a hydrogen

sepasstatiPmds. ged 2 @@swanqrhmgans é%eA.thlra&ftnrpa«t gng mw%z (g,

li uﬁ%r%@ﬁucﬁ‘) ¥ e i sedr@d BAmhAvdcRGcetshBlokl88/10GatRaefr@Ervoir 64 of the
pro uci ng ‘hydrogen for generatln%ﬁgnerg%ﬁmxserv ce

dexica $? tmatscswmaﬁeheazeblﬁlsﬁé pbhe QmPe H W Bah

suBStREUs Dn QOHRRAURDr&RicE BydBogen gasiaddl bftnOdogpo®dtndlo) RixS
transferred fromthe service station 58 _to. a storage

compeund ey omanaiolaebougdin themsiel uBHIIedS- Jibe Aydioaep gas can be
de¥iSBEF Qheif&dro-gﬁ?cdﬁ%mggj Béjm,@%6 @&rgeﬁkﬁatfng aséredutizédinahe

netal substrate 66, upon h 0
ongEiomsTAS FRIHE S0 T Bl SRAE ATKO e RIS G <o oF
dl%%ﬁféﬁ ogl tBd ﬁ}tamﬁﬁﬂté:tﬂlﬁ bt}/h@plgi&ﬁoiﬂ of sthgit frérh encﬁtﬁwrg}'l’salrce to

elivered,to t

drogen gas ca % hydr ogen

prebiss e B $6 ST GETRPAL Y er £1F WPTCPDRRT 8 con
bel sRfed iARGEBEVLR 0 ifd &mlaamy hémdved Fém tffdmhia;ex«mmatmj for

bound to the netal Estrate 66 d%%
example, at the service station 58 € spent compoun can be regenerated to a form
suitable for hydrogen production. Regeneration can occur at the service station 58 or at
another location. Hydrogen producing compound and/or spent compound 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 from
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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di sassociated fromthe netal substrate 66 by
application of energy fromand energy source to
produce a spent conpound (e.g., dineric conpound,
R-X-X-R). The spent conpound 68 can be stored in a
reservoir 70 and ultimately renoved fromthe vehicle
54 and | ocated, for exanple, at the service station
58. The spent conpound 68 can be regenerated to a form
AFLORNBIYDPGKERPE: a3 HpPYdAEL i on. Regenerati on can
occur at the service station 58 or at another
| ocati on. Hydrogen produci ng conpound and/ or spent
compound can be transpodXAMPLEland from the service
LR PPl ERRPLL AP P08 i ot et
i nvention can include any neans of transferrin

[008Hui dhe fadlawingiesarnple Blubteaiestcalleghieon and quantifieation |°ﬁgydrffasia gas
pr?él?cg@{))erea&ﬂg %Fg{aﬁdtﬂgladom\ﬁ@mdg Lt b nRRS RPsEAL. | BR ABANFied

truc anker, ship, etc) as well as by
repitions Were cendugiechest prerdding d vesgel fmpppdugtingghe wr%rrrmﬂmng

regc %ewgsel%ﬂxﬁﬁﬂ 5 3dthdH an 15%%%&1)&1@{ dR @F8hs were conducted

roduction F gBReactlon of an Organothiol with a
bMelecie rSrrtion materials frobgdiambereof the| vewslh fegctiog Aipgnaterials, and

m%AshHég;)t f(xﬁig eggxq glloﬁl‘féeh 8 1R AR Nidtdrt 600 dr@ htrBiuchy BEEE Ressel

reac I ng organot hi ol conpounds with a
viatieanletznd sydregea proﬁh@dé»x él?mpqcflprewas remavedifiopsthovgseel via the

o) d(-‘l’ﬁitr&gn R¥s Rap¥dinAQuihtieITs! ga:f Qﬁoxﬁaﬁ’é’gé&&' lﬁﬂgudlﬁgeby a gas

ydrogen produci'ng reactions, essel 1 nc
chebragtbgseph capnecisf & a rSAeFtiNg 235 @t]qlger ( ﬁg&@@&ﬁge%p@l Gas Analyzer

ngpgﬁgﬁgg IRYddBEA BRoojeact ion materials in the
chamber of fhe vessel reacting the naterlals and

nmeasuring. the hydro r od t.he re

[00B3ler i/apasitiye Fonto ‘P‘tp & a? 'oco{lg%te\‘;é%%rglﬂ 0\9?13°risﬁate that the

tektg@bpaadieh doMIIrde@emyBlogeliice Brolicet be refaﬁﬁxgtmmlam:s the vessel. For
renoved fromthe vess

a BRpétI g serohAdmAll aReYTY . @leb&l@g@ m@ﬁmﬁ?csa Fgg?@%mbefw%
vdsSt | widtenBe Wiurfe Gake chﬁﬁibé}%& @er@{iiﬂat@l@mﬁ @it e tegsehwas then

reductlve as anal yzer (" t
sealed pgdzté? ch 7 grcf-é(aggﬁéfl yy iv%cgpm pl.llﬁlp %a &%u;.q- A\!V%B'btgér introduced

ik P8 Adsk AnPRE¢Ed Wieh O Bddieth pRIAEHItHEYhhmb& S The feadtion between the
conducted in order to denpnstrate that t %
Slé;ggx led the Hgsk

sodppnrndithewaeureluerst lege IHPHEGGE A ™ SRl

AhSGGE éf@}% JTRRE bﬁt'h@ vésBel Eﬁlﬁnﬁéﬁ&SGC RGP FolloRinR A IE:zthSn showed
control, a small anount of sodi 10 20

thet abewtd 0P Rpﬁéhyé‘FP&ﬁ’b%*}S VESre pfeseyids P%tg? h%s vol une
of the chanber was approxi mately 25 n1. The vessel was
{00B®N  An experiment, 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 micron, 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 volume). Following sealing of the vessel and evacuation of the
chamber by vacuum pump, hexanethiol (1 ml) was introduced into the chamber of the vessel.

Following the reaction, the contents of the vessel were analyzed with by GC-RGA.
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seal ed and the chanber evacuated by vacuum punp. Water
(20 I') was further introduced into the flask and
reacted with the sodi um present in the chanber. The
reacti on between the sodium and the water produced
| arge quantities of hydrogen gas, which filled the
flask. Analysis of the contents of the vessel chanber
by GC-RGA follow ng the reaction showed that about
AID@BNEﬁﬁﬁmﬁﬁﬂfb@kaN§é£3%ﬁﬂ@lpresent in the chanmber of
the flask. [0083] An experinment, simlar to the
positive control above, was perforned using an
Hyshromen gasvas| detapied m theveasel, Sollostinethereagtionsn gramings of 9999

m FomAldrich chenmical conpany. Cold
P mﬂﬁﬂ&ysphg lcal, APS 5.5-9.0 micron, 99.96% (neta

basis), S.A 0.05-0.2 was purchased fro a
(0084 a1 Thepiparimenianes repeth Fﬁ#smgd Hoxe athign! %H?&T%fﬁg(ipdw
pl&ged rP th@cﬁéﬁl%&edf tHeARQHL and 29 helkFheMd1 mﬂanoi:(@'nlllPMeGﬁd mto the

of the vessel and evacuation of the chanb
chbgnbvéel GoRaPHMm planmevecysiion. Hydregen savcontents fodenyiag &‘eu r?ﬂcaon
wasnﬁteﬁnﬂm G@-fRdzibﬁ a¥ﬁr§§1§lately Foob e PerHeRRorE, 866t hieWas

the conterits of the vessel were analyzed Wit h

b
an@lgzqddn order to EMenpngipsicogen gas camrtRIEEtenEREnye- I\‘n@ﬁper)‘[me“‘511
c xBnditi&! and 2%
e e e
mappﬂmﬂmwﬂhebyM@0@®MQ®ﬁﬂM{00841 The experinent was
repeat ed, as descri bed above, with gold powder (300
ng) placed in the chanberapik 1t he vessel and 2%
hexanethiol in ethanol (17 nl) injected into the

chramber fog“ﬂwgng vacuum pyinp evacUughHeBen ihpgthogen gas

RGGTAET, folTowng the Teagrtion,  wWas dgper m ned Dy

PO\S-M—VMU‘M apprOX| mat ely 2000 ppm FUurt hgpo@re, room

Px&‘éHeﬂXﬂ&hon‘”d' yzeu rmorder|{to determ ne3gngdr ogen gas

2% Pk S i R Ik aRbE L T OTT UTTTE | EXperTmentabgoer €SUulTs 707

hydrogen—gas content—of —Toonmmai 1, positive contr ol
pure hexanethiol and 2% hexanethiol in ethanol are

[0%&? Wn5 8‘8@ l%)op L&e&meﬁ@@h&e ﬁ@%%%&mh@&éa&ﬁ{éd hbvE) buF%Ql%(%en

sitive contro 00 Pure Hexanet hi ol
gas analysis and quantification was performed using gas chromatography connected to mass

spectrometry (“GC-MS”) (Agilent GC/MS model 6890N/5973). Analysis by GC-MS
confirmed the results of the experiments with analysis by GC-RGA, showing production of
hydrogen by reacting organothiol compounds with the metal substrates. Although the
instrument 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
retention time than air. This was interpreted as hydrogen, since it gave a similar result with

positive control.

EM\7218759.1 290



2% Hexanet hi ol in ethanol 2000 [00851 The above
experinments where further repeated as described above,
but hydrogen gas analysis and quantification was
performed using gas chromat ography connected to nmass
spectronetry ("GC-M5") (Agilent GO M5 node
6890N 5973). Analysis by GC-M5 confirnmed the results
of the experinments with analysis by GC- RGA, show ng
ATHIORNEX DOGKET NGy p38199b\01r eact i ng or ganot hi ol
conpounds wth the netal substrates. Although the
i nstrunent coul d not show t he hydrogen peak, a
negative peak bel ow t heEXaMMF Hn time of the room

i r was_det ernmned ne
Igwgrogeal Prg uﬁ:tg)&gn g?wmga e 8}088)23 ]-é'%r(pc?%n%m &js\’ﬂﬁ\\f SubiEite
possi bly the presence of another gas, which has a
[oosawe r Therfell@ring ovmpleriBustrignpradyctiomidsoligesion pithyAeen falowine

Nkibklof th
o BRI 980 B 0 R S DL Bttt

hy&ﬁ@ﬁﬁﬁﬁm@gﬂﬂmﬂpfHB%AWP&ES2 Hydr ogen Producti on
Fol | owi ng Reaction of a Hydrocarbon with a Met al

[00?# PSt anEeepres]:%% 18] uﬁjéﬂtcl)rq_)‘ﬁh RPa GLAVIP Mas pickﬂS\tnltlag(fhdSpowder
production and F

l'ection, of _hydroge 0
ang begesdite h7 0E- Eollﬁwffgd@aﬁn%é‘i*f‘ Reeting % oy, h@tOéfy°é°g’?’éﬁf’ya‘s(?9 %
AIGAYS WAdindeRy drags 'ﬂ@hhj@cﬂor(ﬁortt fTge eﬁlydﬂ oasumbriraintirectly by

rel ease of hydrogen gas OO%& é&ﬂwépﬁggéeseng C/MS
C@iMeabovh Koo ol s iphesanol v FRgitine Ry
sh@Rdad, R Mﬁ@ eakaam NeRh@S the sifHdEo fiax Jf wiregn piacTirgesaiisl
eatin gold, 1l of cy clohex no

indigate 4 lﬂaecfthé’épm B giiecin e PreeRte O Aol €25 gt faed o

{idh. B¥rth&oMBihé sRpr 8 zd@}b Reapdundn
}wwggaﬁﬁggkgﬁ%égggﬁg&k¢%}h Fhe OoId anjdi)r hﬁ o;T flﬁ%

de@@/ewsﬂlowm\mwl%w I?‘\?’é‘%‘é‘aléiewdf‘fge%at iRberaRe

Cyabﬁt]g I%Qd&&%f&fov\h hé R@MaaI . The resul ts indicate
ack of heliumin the detector or presence of

anot her gas, whjch was.interpreted,as oge.
OB SEaTHY ol AT B ETRaRO s T PR, i il SR 988 No
neEéfg/E 9%1@0*9 Pﬂbngm(@i@ﬁ&ed peheahed cﬁcﬁérinwm riEhetohE/ cbaa@mldon
was eno

dehydro enated c
detegied zsy%%%?xaﬁ%lsma‘é%t@étﬂéaa § &P Hwoﬁ%“? e%%é%‘)ce gf e gold
mdtHQ88%ads a control, a simlar experinent was done
wi t hout the gold paCklng step. No negative peak or

[0@% n o'@gﬁg B g:tlr?\get c()jn }Ilag bée'ﬂ%e&%&f \91Ith 1%2%9&1(:& et exampl%s

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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det ected was cycl ohexanol, indicating that no reaction
occurred in the absence of the gold netal substrate.
[ 00891 Although the invention has been described with
reference to the exanples described herein, it wll
be understood that nodifications and variations are
enconpassed wthin the spirit and scope of the
i nvention. Accordingly, the inventionis limted only
ADFORKEY DIGIKISMNOQ2 0343389110 EM 7218759. 1 30 ATTORNEY
DOCKET NO 2103433-991101 What is clained is: 1. A
met hod of storing and produci ng hydrogen for use in
genéviat isebirenlds:gy, conprising: reacting a liquid
conpound capabl e of produci ng hydrogen and having a
formula R - XH wth a nmetal substrate to produce
1. hy fhe g€ of gamg andpduckgiydrogert for tshén gaptatingsanogl r @merising:
and collecting the hydroge S rein R i )
ot S APPSR B D o e ke R
X etier Datikysubstraglik proylce hgdibgdni dasisrdR 18X kemyl ftg thaletahsubstrate;
ryl, heteroaryl, alkoxy, cycloal kyl, heterocyclic,
anglkylaryl, aryl al kyl , aryl al kenyl, aryl al kynyl,
ar ykeinetingaky kydydgengasgr oup, and conbi nations thereof;

and X is selected fro he .group consi sting..of .sul fur.
oxy §BFreIngHds LRPERI S t%%m‘? glrr%‘{%ﬁ%m%flg 8{ s yi’,heteroahl(yl’
all%@h?l[ ﬁibﬁtitﬁt@@axmg |a1k$1l}bb,5‘drylaﬁe&rmymf | ];(ﬁ@sc_ylalomylahetemi_yelm ed
romthe ro cqQnsi sting o 0 ilver ati.nu
APt ek ey B e syt S, o4 b

thdrbsT; met al substrate conprises a netal treated to

Cl APt s e PR R epapai el g g i

organothiol. 5. The method of claim11, further

nprising di sassociatin h - X _houn e
2. S erein e o p P oot B8 edlesalind B el sl Fhth
or&fp hadéumy of goMaetedrpldthems@epdr, admpownd is a dineric
compound having a formula R -X-X-R

3. The method of claim 1, wherein the metal substrate comprises a metal treated to remove a

surface oxide coating.
4. The method of claim 1, wherein the liquid compound is a C,-Cg organothiol.

5. The method of claim 1, further comprising disassociating the R;-X bound to the metal

substrate to produce a spent compound.

6. The method of claim 5, wherein the spent compound is a dimeric compound having a

formula Rl-X-X—Rl .

7. The method of claim 5, wherein the disassociating comprises heating the R;-X bound to

the metal substrate.
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7. The method of claim5, wherein the disassociating
conprises heating the R -X bound to the netal
substrate. 0 ennr2i s7s9. i 31 ATTORNEY DOCKET NO.
2103433-991101 8. The nethod of claimb5, wherein the
di sassoci ati ng conprises contacting the RI-X bound to
the nmetal substratea with ultraviolet (UV) light. 9.
The nethod of claimb5, further conprising reacting the
AFPERNE ¢ QQurEINGL 2 H03#33d90¢4en to produce a conpound
having a formula R -XH, thereby regenerating the
conpound capabl e of producing hydrogen fromthe spent
8. CTHepeetid .of AIBim S ivéhervirt thodisosfoculting eangorisetrentedting thedbt ¥ hepnd

t.he lrogen conprises catalytic
t°ﬁ§ﬂ?§%§ﬁmp e§@9€gﬂaﬁﬁ%hﬁg¥%g%.of claim9, wherein the
produ0|ng hydr ogen and t he regenerating t he spent
e (ﬁle n% g S ng I f%%lﬁ{ﬂesglt% |1r<|3a(c)t(i:ri3l t ?m cgr%{)%u-msmfgﬁlﬁl@%gen to
pr&ﬁﬁ'@@ ldd)’lﬂpd&hd havﬁx{gez ﬂmtuaai Rsuﬁsﬁambﬁreg@xepnmghhc eothyaind capable
as, and. a ound conprising: (a) R2-XH
of%ﬁcg'ugp%hwo%eg ? alélh nt com < P

ogenated relative to RI; (b)
R3=X, wherein R3 |s dehydrogenated relatlve to RI; or

b T30 LS R D Bl

caghly@id ydro ganaticdt i Ng of an aI kyI , heter oaI kyI , al kenyl,
substituted al kenyl, al kynyl, aryl, heteroaryl,
al koxy, cycloal kyl, heterocyclic, alkylaryl,

112rThe adekipl of adiiytl B kel the proglcalglydrpben aad sHeeegeneragng the spent
oxyaryl ene grou 13. The nmethod of claim1, wherein

coppau CPE@%%#E@@H&%?P@%S consuni ng the hydrogen gas in
a conbusti bl e englne or fuel cell. 0 EML7218759.1 32
ATTORNEY 2103433-991101 14. A nethod of

12 1 The imsehod qbe F’o’dtﬁ‘ﬂhﬁb‘:w&'?lf}éen for use in generating

energitinCBERGUI® tddfound WAL thi Ifr@taihsdbstmm o} p@cmilu‘pn‘imdd)gen gas and a
spgx?te:gr%Lgungfco {x%?n%c I(as1 99.9(3{—9 em @?sd detpl%lrl)ge%ated re?atlr%I oq{ F?b}
R;=X, wherein R; is dehydrogenated relative to Ry; or (c) a combination of (a) and (b);

wherein each of Ry, Ry, and R3 is a moiety independently selected from the group
consisting of an alkyl, heteroalkyl, alkenyl, substituted alkenyl, alkynyl, aryl, heteroaryl,
alkoxy, cycloalkyl, heterocyclic, alkylaryl, arylalkyl, arylalkenyl, arylalkynyl, arylene, and

oxyarylene group;

13. The method of claim 1, wherein the collecting comprises consuming the hydrogen gas in

a combustible engine or fuel cell.
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XH, with a netal substrate to produce hydrogen gas and
a spent conpound conprising: (a) R2-XH, wherein R2 is
dehydrogenated relative to RI; (b) R3=X wherein R3
i s dehydrogenated relative to Rl; or (c) a
conmbi nation of (a) and (b); and collecting the
hydr ogen gas; wherein each of Rl, R2, and R3is a
noi ety i ndependently sel ected fromthe group

ATISORNIEY DG KT M@ 240%%3 ;9% HEiler oal kyl , al kenyl,
substituted al kenyl, al kynyl, aryl, heteroaryl,
al koxy, cycl oal kyl heterocycllc aIkyIaryI

14anythahddydf stoging drall dx@uyllng hmrwealf%yﬁsym gemrg,qngﬁéergy, comprising:
OXy @, %/t!ng GigHiaeun Lﬁ,ﬁq éﬁeﬁi& &%hﬁ&rg%yﬁiagémfd hwhsg Bidimfa R.-
IS se roup consisting of

Xl witennetdshistrata ty praduge hediegenggs @ sgpe ?ﬂmRO@ﬁ‘f)%ﬂH‘?Rﬂ‘SWBt h
hydroge rmul a

n(ﬁer e%ﬁo‘?%g%ﬁ g? gt I %kggﬁ?geﬁgﬁﬁgﬁ{gapabl e of

pr odu0| nd) Ry, @/gsnlnfﬁsomdeﬂﬂmosq@étﬁ@ rel%lamdﬁn@r 15. The
met hod of, ¢ e nmetal substrate
conpri se )9%1&ﬁhﬁ vﬁgﬁ&‘agf%%un1 copper, or nercury.
16. cdlkketimggbdtgdragkn gdsai m 14, wherein the netal
subghLal.e. GO I8 eﬁld"’kﬁ?& ﬁlll)lerrﬁ@etp&ﬁeﬁtB' sele&EPHEm @he group

surface oxide coat | of claiml
coudiing pﬁm%‘%thewg)atkmb aléwhtsub,s@mmnw Akyoply &y @%tﬁroaryl

& ' t foiEnef
alko?g%&n&@aj&ylm}%%&%éﬂc léﬁ%r?{) gﬁ%ﬂ% agﬂalkeéa% ?]rmﬁ(yﬂﬁ Pén
oxpa@glenegraty, myl dhbingpensttheresd wheramd< @é%lﬁFgedaffonéﬂthé&ué fpnsisting

Ofﬁgggt g%%ﬁWk%m“A et hod of storing and producing

or usé in generating energy, conprising: O
El\/g %&ﬁ@ghelspgra cAMPORNFVhhpdkgen tmodgqu@@glggtg@fﬁ@gg a formula

R]ﬁ)%g Ctkér ebler%ﬁlrln\ﬁdtﬁg QJEHBH&% anetd Roddkbinp B?dib‘é‘e'n F&brrbthe spent

T 0g e fornu a R'-XH wth net al
commmswrate to produce hydrogen gas and R] - XH bound to
the nmetal substrate and a spent conpound conpri sing:

(a) R2-XH, wherein R2 is dehydrogenated relatjve to
15R{The method of claim 14, wherein the metal substrate comprises gold, silver, platinum,

copper, Of mercury.

16. The method of claim 14, wherein the metal substrate comprises a metal treated to

remove a surface oxide coating.

17. The method of claim 14, wherein reacting the spent compound with hydrogen comprises

catalytic hydrogenation.

18. The method of claim 14, wherein the producing hydrogen and the regenerating the spent

compound occur at different locations.

19. A method of storing and producing hydrogen for use in generating energy, comprising:
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(b) R3=X, wherein R3 is dehydronegated relative to Rl

or (c) a conbination of (a) and (b) and collecting

the hydrogen gas; wherein each of R, R2, and R3 is a

noi ety independently selected fromthe group

consi sting of an al kyl, heteroal kyl, alkenyl,

substituted al kenyl, al kynyl, aryl, heteroaryl,

al koxy, cycl oal kyl, heterocyclic, alkylaryl,
ABPQRNE X POCKHTyNGl KOPA3;:99i684l al kynyl , aryl ene,

oxyaryl ene group, and conbinations thereof wherein X

is selected fromthe group consisting of sulfur,

oxy mmngarlrdlusl@bmpounmca@@le of hredwaangeoley desfeere gl haying a formula

r.t her nmpr reacti
R‘f)ﬁ% W‘ﬁiﬁ rgftal Sﬁ%xirta Fat ROt o” h?‘gfaéé?@ %‘3 r og)glsr?; gg%g I?(glltr@gln{eEll
sugsguﬁ?nd a)sliehtecon’@ba{d wmlpasmat e. 21. The nethod of claim
, r r.co ISI the Rl -X- bound
o {%gz-hg—féﬁhe rel deh dro %@?%9&@Ekﬁgbound to the
rret &) Rs;m,st/he&tneRi xs dphyddmcgm relpavstto Barwpound conpri si ng
ted fromthe netal substrate
22 «%ﬁ@mﬁg%ﬁgﬂ gzs (ﬁﬁg?%1 wherein the spent conpound
COﬂBdSlle‘éﬂlrrg;hHlyd)GgemgasRZ X-is sel ected fr om t he group
consi stjn RI -
The "HEERS Cfb?f Rig Bgp Fﬂ>§1‘§ is M&e@ idepRn degt?}’j °& ‘FMQ"F% b
cof 1k loﬁﬁﬁalkl)@ ﬂfétéman@l tafkenyisdbsnigesd aljaayl, alkynyl, @(yﬂ;thg@tqab'll e
alkoxg cycloe(ﬁl;yl heterocyghc alk%aryFIaYrkyYa%ky? ary?al%en?fl' arylalkynyl, arylene,

oxyarylene group, and combinations thereof wherein X is selected from the group consisting

of sulfur, oxygen, and selenium.

20.  The method of claim 19, further comprising reacting the R)-XH compound with the

metal substrate to produce hydrogen gas and Rp-X bound to the metal substrate.

21. The method of claim 20, further comprising disassociating the R;-X- bound to the metal
substrate or the R,-X- bound to the metal substrate to produce a spent compound comprising

R,-X- or R,-X- disassociated from the metal substrate.

22. The method of claim 21, wherein the spent compound comprising R;-X- or Rp-X- is

selected from the group consisting of Rj-X-X-Rj, Rp-X-X-Ry, and R;-X-X-Rs.

23. The method of claim 14, wherein the collecting comprises consuming the hydrogen gas

in a combustible engine or fuel cell.
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