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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates generally to
solid- stwbeuekess ces for converting or extracting ener RCTVUSINEE930

hydr ocar bon- oxi di zer reacti-ons. Mre specifically, this 10 invention
relates to a significant inprovenent of the process for the efficient
conversion and extraction of energy in the formof optical em ssions and
of coherent radiation and fron1reactants such as hydrocarbons, hydrogen or
ot her conbusti bl e mat eri algurraeet ot A (BEERUrface with air or
other oxidizers. BACKGROUND OF THE INVENTICN Cne nethod to convert

chem cal -reactant energy 20 directly into useful work such as electricity
uses el ect¥ochenical. colfREHICABhFIRLI AR SHEINYBNTIOR| cells. In this
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into a dyn B lEY%‘?% °ré>fl%1 %F S rgE Fﬁﬁ rr%’;lgrs %heq}eaﬁ ergy is
extract ed. fronPth%S%y@nnﬂhhaseéﬁh@#@nﬂﬂponwa§5a9$oﬁﬂd 4¥iﬁﬂﬁﬁiontﬁ§ reactants

and exhausts otanébgf ﬁ?tﬂ}@l FRLA Qﬁl@édﬁéadagﬁﬁégﬂén@rb@hd o gRRkirbhe Wi th
human safety 35.con

er ese | not be
ef ficiently m ﬁ?gfﬁﬂ%cf aél’ﬁ(f?@f 57%“"‘}11\{: §uﬁP‘gﬁf’y )Z‘Yem r%oglgt o have a
si npl er net hobyanedgey wather eqmbmmhig sateriehs | ¥eaghimsucn awD 01/ 29938
PCTI US00128930 cabayys durfise WatRfadr prodeabs endaiddtwout produci ng
hazar dous byproducts in the process. A recent research suggests that
certain sinple,

BACKGROUND OF THE INVENTION

One method to convert chemical reactant energy
20 directly into useful work such as electricity uses
~ electrochemical couples such as batteries and fuel
cells. In this method, a substantial fraction of the
reactant bond energies may be converted directly into
electrical potential. However, the physical chemistry
25 underlying these processes limits the rate of such
conversion substantially. The result is a power per
mass and power per volume that is orders of magnitude
smaller than that of a mechanical engine.
Another method uses gas dynamic processes to
30 convert chemical energy directly into a dynamic state
 exhibiting a population inversion. The-engrgy is .
éxtracted_from”thiS'sYstem as cohérent}radiatioh;f'
However, the reactants and exhausts of this method are
usually dangerous and incompatible with human safety
35 considerations. Moreover, these devices cannot be
efficiently miniaturized.
Therefore, it is highly desirable to have a simpler
method and system for extracting efficiently without
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energetic atoms reacting on a catalytic surface produce 5 products

exhi biti ng @&g&ul ation .nversion. An inverted popul atign is

prerequi sl g5 stinmulated em ssion of radiation, whi Eﬂ“’@"&?@“net hod to
renove the energy fromthe reaction and to retain its high degree of
useful ness. 10 Gaeipgobbewse rharefylr prodataseand wiadiowr eypdusibge process

of creating hi gtiqa)éagag{lg éﬁr seg_ thghﬁroggggl yst surface, such as hot
fsted

atons and nono-atom c retain si gni fi cant am_zunt of the
chenical energy for Peﬁ%? ?%‘”{cé‘a&uggeﬁf"%sﬁ: iR 5™ §18018 heat of
adsor ption, and eXergkatcwatdmgrmhatd ngnoni aveatatytpop Huwxtfiage azodupeoduct

of the reactikon x%hﬁctbséﬁﬁlﬁikféyaé3 5199185 1N AU, WWChnderted
at sual

nono-atom ¢ oxygen, is t | t takes _nore el ectrical .energy to
produce the hot P&P(S‘H‘éttlﬁﬁnl%a’ﬁn%é’%%ﬁéaef F o FHWRteds emisgdoBheni cal
reactions. Reseafclrabddatidggesiieh tikntoneomethddnte, rawmsregatiec enepgei e

reacting with sigghe adsorbed; SPOGIE JBY%LALH 1 ¥i DA ddee bpverted

products, and that this inversion nmy occur in many systens. For exanple,
research has 25 USf¥I"€RSEt when gas phase oxygen atons react with
deut eri um ad9or bed oone puopsémnis wHeagaiokDstatk cef scechmmliogynéd thet he

I nverted state, éwot& hg hEQQ&é.{rllg l@t ieggfggﬁggr%}%#%ﬁ ng(rgglgl onal |evel

6. This repres st ant reaction

energy being corﬁ?ér?tlﬁ&tte&u?ﬁa?ﬁe ﬁ‘%ﬁ}bﬁseélmtsﬁéf"és apd rongeatofis at i onal |y
Excited OD Radi cm&}@elﬁr ourhaifhe) Resteddirora Glg&tygean@\tmﬂﬂtd‘f Enem sor bed

Deuterium On TUlAEAY” ejguibato - BlNsieal Shelad r%f AuidbiphQ26EIR, PP

2372- 2380, NAR 26 199 research.s gas phase atom c
oxygen reacting & th PEASoPheRIFOTR IR G Re & i"?a‘&’el FFRACES @Bopul at i on
i nverted, OH r adimvar:ed pbpuléﬂﬂonfaesfna)mduds. oReghd , rd€ianidh,. Shen HK,

“Dynam cs O Gaas%u\éol%%%%9§ﬁe£’gérp$%3/1%%9%Qom§ufé@&? d R L BRS
Reaction O Atomc Oxygen W
oxygen, is that it usually takes more electrical energy

to produce the hot atoms than can be extracted from the

20 resulting chemical reactions.

Research has suggested that mono-atomic, energetic
specie reacting with simple adsorbed specie may form
vibrationally inverted products, and that this inversion
may occur in many systems. For example, research has

25 shown that when gas phase oxygen atoms react with
deuterium adsorbed on a tungsten surface, OD radicals
are formed in the inverted state, with the highest
population appearing at vibrational level 6. This
represents a substantial fraction of the available

30 reaction energy being concentrated in the inverted
state. Shin, HK, "Vibrationally Excited OD Radicals From
The Reaction Of Oxygen-Atoms With Chemisorbed Deuterium
On Tungsten," Journal Of Physical Chewmistry A, v.

102 (#13), pp. 2372-2380, MAR 26, 1998.

35 Similar research showed that gas phase atomic
oxygen reacting with adsorbed hydrogen on the surface
produces population inverted, OH radicals within 100
femtoseconds. Ree J, Kim YH, Shin HK, "Dynamics Of Gas-
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Chem sor bed Hydrogen On Tungsten," Journal O Physical Chemstry A V.
101(#25), pp. 4523-4534, JUN 19, 1997. 51t was shown in Kim M S. and J.
Ree, "ReacWO@M2993 Gas- Phase Atomic Hydrogen with Cheni sRFEHRSS0REE ogen
Atonms on an Iron Surface,” Bulletin of the Korean Chem cal Society, Vol une
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742-757. This wo L??é’f"&# ﬁ%%‘fmé (5'1*81’ %gm*’ €t t %&{A)He nono- at oni ¢
oxygen atons fo@OWEIGAQEI@NSOnPRU%S-b%B%r &hesdoasi PR oS atestil ci ent neans,
nanel y elt ectig C Rydfog e\éﬁtre%l&?haitltie&@@aﬁmﬁm ﬁﬁ)&%@géﬂﬂadr; RN @xehom ¢

oxygen atons can_be_Create irec on a_ca t S C

irradiation with W??eg?ﬁ PHE ﬁﬁg'td%rr ﬁnver?SéUI ‘?es }%eucgﬁﬁla?r Mifation is

t he production ohydmmmmlﬁtesnﬂ-esoxygen atons. The next nost probable

{)?S'l['”ht s detsorptiotrjut E@Hn%&aetm?tmwﬁ atpAkoasPges imaHeowasef ficiency
ators. Tripa.. CPRrT *e3tA wtoh, Spmpon A dsibsdipes Gl SRIGIAE |
35 "Ki net i cslieasatalust §Ucn‘faQ© phbe of BaGtdam @ 6ﬁaCPt-’(11%1hs&6’E}Fnal of
Chem cal Physi cSprddhdin? mol326lesVRhviRy MbrakssHal dengyick691-1696. 3 11
corresponding to levels v3 = 9 to 13 is found to be very
high and exhibits a vibrational population inversion.
Ree, J. ; Y. H. Kim, and H. K. Shin, "Reaction of atomic

20 oxygen with adsorbed carbon monoxide on a platinum
surface," Journal of Chemical Physics, January 8,

1996, Volume 104, Issue 2, pp. 742-757. This would be
useful except for the fact that the mono-atomic oxygen
atoms for this reaction must be created using

25 inefficient means, namely electric arcs.

Yet another research has shown that mono-atomic
oxygen atoms can be created directly on a catalytic
surface by irradiation with UV light. The most probable
result of such irradiation is the production of mono-

30 atomic oxygen atoms. The next most probable result is
desorption. The issue with this approach is the low
efficiency of the generation and conversion of UV light
into dissociated oxygen atoms. Tripa, C. Emil,

Christopher R. Arumaninayagam, John T. Yates, Jr.,

35 "Kinetics measurements of CO photo-oxidation on
Pt (111)," Journal of Chemical Physics, July 22, 1986,
Volume 105, Issue 4, pp. 1691-1696.



WD 01/ 29938 PCTI USOQ 28930 A related research has al so shown that oxygen
nol ecul es preferentially adsorb on the step sites of a catal yst such as

pl ati numWalH2%3¥at phot o generated nono-atonic oxygen BEHHS08BPerentially
react with other 5 radicals or nolecules al so adsorbed on the step sites.
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oxygen to causetPhEhet Fappal SuFdefeat oﬁﬁrt%"%ﬂ‘@sﬁbm 0083§§§%F‘Bd The

sal i ent poi nd | mohbahtadsordaides reaptsnphefasdmhil=llyswdtBsablsbsbedt hey

di ssoci ate, and clg?hgg Qg% eé}gé:ﬂr %taﬁéncéﬁi muf, %ltqlt}eshgggs .gfél'tlgi ently.
Experinments 25 showed e@g ase oxygen nol ecul es adSor Hrs

super oxo- | i ke sEEELELERBY I@%%@Py"@hﬁh@e@o‘brﬁt% WiEd) ogherar e then
trapped in a sha;hxtrﬁu/cbaréaettarcﬁs orfieisBud Réke Therchehpregeeetit falmy

overcone the o Orgggztggg gﬁcl&?na roxE #}r%e épeﬁt\ﬁ (g%ﬂpll cgﬂ%%d) 30

in a barrler fecule rcone
barri er anddi s¥&ei at ESPREJCHHRL re?ﬁ‘é“’éx‘?%t@?ﬂi@ @‘FnﬁFé'éG?lsor phases
i s apparently fabaybgn acom®nwigtd dalmehvadnom&artwgetfsqr"rmaaﬁral aténum

pal | adi um and i ri gl ughﬁggagy%t s@ﬂol(ggggﬂ NbDils %r]] o Lutz, P. L.

Tanaka, J. E. Davis &( chem sorbed
i ntermedi ates to oxy}BREREASHRSAATSR Shoped(that the WY mhoSOnFaFTHRE® and

el ectron hot electrons on a catalyst metal surface and which

20 interact strongly with adsorbed oxygen to cause the
trapped oxygen atoms to dissociate or desorb. The
salient point is that adsorbates trap in metastable
states before they dissociate, and that hot electrons
can stimulate such states efficiently. Experiments

25 showed that gas phase oxygen molecules adsorb first as a
superoxo-like specie (molecule singly charged on
surface) and are then trapped in a shallow barrier of
order 0.1 eV. Then the molecule may overcome the
barrier and become a peroxo-like specie (doubly charged)

30 in a barrier of order 0.5 eV. Finally, the molecule may
overcome this barrier and dissociate into hot atoms. The
existence of precursor phases is apparently fairly
common and observed in various forms of platinum,
palladium and iridium catalysts. Nolan, P. D. ; B. R.

35 Lutz, P. L. Tanaka, J. E. Davis, and C. B. Mullins,
"Molecularly chemisorbed intermediates to oxygen
adsorption on Pt ( 111 ) : A molecular beam and electron
energy-loss spectroscopy study," Journal Of Chemical
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energy-| oss spectroscopy study,"” Journal O Chemi cal 4 WD 01/29938
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hi gh-transl ati onal -energy nol ecul ar precursor to oxygen di ssociation on
Pd(111)," Sur fBaysiSsi ¥atene 115 4 Nyfnbeyx Bp.22 1ORUSE1399DEC Ndlan 8. Nol an,
P. D.; B. R 1hitzZBrRP. Thnad@akamul1libes E8Yi it GerBsiMitibhSor
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OCTOBER 1998. d¥ygen, digsgciation pn Bd (AdLhn" Birf@ceKScdeboeny.and C. B.
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Pnverted pr odfi%‘t i"‘%&n Be br?ﬂe'@f‘ﬁy sSgci‘z%‘f’vFe' afg é’esgrpwgﬂ?m’&peri nents
have shown t hdiTnanslagadenalfinandye Seflechbon uph Madscalari erdeenspssi ti on of
amoni a  (Cragly BeygeiCAdSbkpBiors RAWPR (YA DY Al I gjali caaPRegiepn i nversion.

atom bei ng SIREERRet o S0P Ly piEERLrs 2ol SRR, Shb8r Yandyuc O

slightly 1§reak-eE.t han Phal®. Nsflarhe Sgr Gunaxsehapmof aadpfedBet nitrogen
nol ecul e. Mirpy1iMs, Jrkindrids a9 €lky¥amdBs of\ tHdO G S8BCc1 Britammer,

“Inverted vibratiqnal _distributions from recanbi pat i on, at 01):
Evi donce 25§ GPTARBFRELEhI & RIIBE &P Chiht Vo ot o AHB | P73 0l of
Cheni cal Physi@d .- 15Aguly BI97,099943,VaPupegdsl0, |ssue 14, pp. 6954-6962.

That reaction rat e&n@éﬂt@&ff&dﬁ&t& @dnapd foEmaRIRd asBciBbyverders of
magni t ude uration and

i th, pi cosecon 30, tim
oo s s EER" it ainet s Bpe dhdwd dithe RiktipHgh 31 € Y T AN
Hess, D. N Deidscudee. fermediuponvicasehiti¢ etecanpopdtion ¢f ammenia " Phonon-

Versus El ect r ofgdRatial s doks G inia@h sBABY a Gkt idmadl pepudat ferg 0001) , "
Sci ence, Vol une 285, %5 ,Hllmber 5430 .1 ssue_of. 13 Augq 1999thp9he 1042 - 1045.

inversio e assocliative reaction begins wi
atomic separation of the nitrogen atoms being similar to
20 that of the surface catalyst atoms and just slightly
greater than that of the ground state of a product
nitrogen molecule. Murphy, M. J. ; J. F. Skelly, and
A. Hodgson; B. Hammer, "Inverted vibrational
distributions from N2 recombination at Ru(001): Evidence
25 for a metastable molecular chemisorption well," Journal
of Chemical Physics -- April 8, 1999 -- Volume 110,
Issue 14, pp. 6954-6962.
That reaction rates can be stimulated and increased
by many orders of magnitude with picosecond duration and
30 timing is illustrated by recent experiments depicted in
a technical publication. Bonn, M. ; S. Funk, Ch. Hess,
D. N. Denzler,C. Stampfl, M. Scheffler, M. Wolf, G.
Exrtl, "Phonon- Versus Electron-Mediated Desorption and
Oxidation of CO on Ru(0001)}," Science, Volume 285,
35 Numbexr 5430 Issue of 13 Aug 1999, pp. 1042 - 104S5.
The stretched molecule represents the initial
condition where the atomic separation during the
vibrational oscillation starts with the association
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The stretched nol ecul e represents the initial condition where the atomic
separation during the vibrational oscillation starts with the association
5 WO 01/ JO8H2988T/ USO0/ 28930 reaction at the extrema, BEFPMMEMS reaction
product in the highest excited state. It is noted: "Vibrational" nodes

al 819 i ncl gdg féhﬁ:ﬂid@f alti eReObxerems el gt Bereatt i@t rghictstint hat

.sur f ace. i [ eact ant C n t a ty y
preferenti al Ir;ipef(ah % Stt mec %‘1ﬁlg§:a aﬁ: ]{1 i h@l:c!ﬁ §ﬂ?1££ﬁ°°er?r1§t rongly
favor a si ngl%Odﬁﬁ)rad{ﬁ%ﬁ&Flﬁéﬁeth%r"ﬂt’??é“@H’ePéyaP}S TRECEHIRtE agai n
favoring an igyefdad agaapskathap. sixifdder nore, nono-atom ¢ oxygen atons 10

suppl i ed ext ernal ly, .8 L 0g cRLALYILS: SUIJ 96 HDY LPUSHSR oBRaAt | O

i nversionn the pr rbon non on di oxi de
and in the summmr%farwry:z-éalmﬁ@mt%nnetﬁhafwdaaéé@fns1 t¥AWT-e, the oxygen
adsorption prggesis dEseGrrbagdPPEavdred 3indlal fribkatiensl |rﬁrrdeerfeﬁ:gy as
heat on the taI st syrface. Therefore od t ve such
energy and exgﬁ E [ % CFRSPIFTRRRt "’ifgaﬂl %Wﬁﬁhgd%rsllg%d 2 SUMVARY OF
THE | NVENTI owqh@l@t‘rne@ent Fumt;bﬁrm@ﬁe: stncraQCEt}Ct exxgﬁ%t%a!“%nd system for
usi ggdaf cad aLyﬁppBI@h ré%&(‘ézﬁhf&u&yt QﬁCf.E@t&ﬁahlﬁrt @srimlfeceemy gehise at ogs"
neede or the eration _of 25 the inverfe I ﬁpbo I ment,
t he present AR H clé'l&elfrselgnt fie hac?}l o%c[e%%g'réfakégﬂo 'Hor%;ﬁl principle
that sone energé@tm@t@ma@@@t Ahgxbfe sand gm| e @%ﬁFFac‘éa‘b?BtﬁRS’e product s
exhibiting a cROQ4tPbh WF iHPaebgean. 30 This invention creates popul ation

I nverted reaction r od étrse fr m f ueéegng%g&gpuﬁzog{ P%ggggéo‘rr;%s@%a cat al yst

surface. A |laser opera‘fo erte iciently
extract the eﬁPngxim@?ﬁ]t}hé'ﬁé-fsfiém re@ﬂ@%tﬁ’éﬁ’?ﬁé’n?*’u@%‘:t% R atom
produced duri agtabyst ssefid.ve TadgaFpte pra e iedhddoBocabrsemte sur f aces

such energy and extract it into useful energy is highly

desired.

20 SUMMARY OF THE INVENTION

The present invention is directed to a method and
system for using a catalyst and reactants to create the
"simple, energetic atoms" needed for the generation of

25 the inverted population. In one embodiment, the present
invention captures the reaction energy based on the
principle that some energetic atoms reacting on a
catalytic surface produce products exhibiting a
population inversion.

30 This invention creates population inverted reaction
products from fuel and oxidizer reactions on a catalyst
surface. A laser operating on the inverted population
would efficiently extract the energy from the system.
One embodiment uses the hot atom produced during

35 dissociative adsorption of oxygen on catalyst surfaces
to provide energetic oxygen free radicals on those
surfaces and to cause direct and prompt reaction with a
fuel specie, also on the catalyst surface, which biases
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to provide energetic oxygen free radicals on those surfaces and to cause
direct andwplo@d@ss reaction with a fuel specie, also on pBRu&hesy st
surface, which biases 6 WO 01/ 29938 PCT/ USOOI 28930 reactions towards

formati on of popul ation |nv rQduct Exanmpl es of fuel _specie
i ncl ude, but % o atad Fﬂ‘l"?’é “{%'F&Pﬂgﬁg PP Anvertgfhon monoxi de

or a hydrocammduhtagrreﬁxamﬂ-dmmfnéueénbpdq:mntncdfudehl butnaeatnemn creates .
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species to for ﬁ nonent of
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popul ati on510 i nveRspbhebyerbedineptt boé thistbmtentiyorclkeeatesfacatal yst to

cause sinple rﬁ&tlaesanwiwe@si&f% L&agihgmpé ltéa%ftrmneB;r Sifofydi | abl e
upon associ ati Anot hér_ enbod so | d-stat e net hod

\/ f1on ment
to provide hot® feé:lagég?'gﬁssﬂ"r?’e%?t it I9rE R}F?‘h °:#€°b'§‘ SoFhtly 3¥Ynt, 15
whi ch in turn sstretrehetest dflys omimenitopfoflesdreptpiet firsor thepeatabyst

chenmi sor bed ogﬁ*ﬁ%@ aﬂﬂoa?éaseemdamahanepsa@s ¥ LRpR1LERGHI ons. In one
enbodi nent, the resent ventjion uses a | aser to extract the energy from

an inverteéd pdgtEXEish, by 3N PRy TPACEERVR Y GRodreactus’talnstal
fraction, and tlm cepse simpbe aremjtemitsywich ahraxguarﬁmtlonaoflﬂre:.zener ay

into one or ,aosﬁiéywmwhralggaastlv&%o%&leﬁm % 1} lg Such
e ecau

beam ret ai ns t aI It t.he ener I S nost _us se it
can 25 be eff| ﬂ?nf: %tfqlr’rfiosﬁf‘%%t'?%/ ‘gt"f SFO¥LERPPRE by passing
a nonochr omat |aiel¢@apnsn¢inr@ptpﬂhot @nd| wathogke|the wisteh olfaliel gaghts.l ightly
smal | er thgn tmﬁchaeam mpﬁ%tl.ﬁﬁ%rt% dilggo@fé@léxy o khe P?_P&én)(ré& 0
mechani cal forces r h ot | EF DESCRI
DRAN NGS . Pr oREEPER DSOS SLENE=p: cbh (AR RoRtl BHE4FRFRS Ry be
descri bed, by svaxfagk rveasplensinly, with reference

In one embodiment, the present invention uses a

laser to extract the energy from an inverted population,
20 resulting in conversion of a substantial fraction, and
in some cases a majority, of the chemical reaction
energy into one or several, nearly monochromatic,
coherent beams of light. Such a beam retains the high
guality of the energy and is most useful because it can
25 be efficiently converted into electricity, for example,
by passing a monochromatic beam into a photovoltaic cell
with band gap slightly smaller than the beam photon
energy, and equally efficiently into mechanical forces
through other means.
30
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will
now be described, by way of example only, with reference
35 to the accompanying drawings in which:
Figure 1 shows a schematic cross section of an
apparatus for energy generation using separated
reactants in one embodiment of the present invention;
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35 to the acconpanying drawings in which: Figure 1 shows a schematic cross
section ﬁ{?ﬂﬂ ogagbparatus for energy generation using sepagnRofshesd €act ants
‘in one e I'ment of the present invention; 7 WO 01/29938 PCT/ U500/ 28930

Figure 2 illustrates a cro S section of an a%%ﬁratus i_n one enbodi nent of
the present invenfiBire & 1IJUREFAERRP TRATR SESEAGDS PE®R| owi ng, ni xed
reactants feppavatasigin mner estbodinenedoSitdiee presdntt snvemtidn Mogure 3

gener at i ng paser Byt Sr 1y ag EEpe ieidd) RReRRRRLER . fons.

DETAI LED DES&FP?‘P%W"@Z *ﬂlfl?rdePREﬁE [F'E‘%M %%E | NVENTI ON  The
present i%iventi onFiguxk redtldastaabeasangrede sackdon ofisanccurring on t he
surface of aspghpbyal LPWd enicBaSfehBatofl Ydnetiardngshantbpl fraction of

the energy 15 1Tnto ct species that exhibit, as result” of the
met hods of t REESTRRLRY | iyt Iéf‘fioﬁr?%’s"&%ﬁea"ﬁlf’ﬁﬁched mol ecul es
associ ated with adsorption and desorbtion have closely related, reversible

effects, both related to popsgsis ?@\é@ﬁb@fonﬁoﬁsﬁﬁ)d of the 20 present
t

invention in one enbodinent uses the hot atons created upon dissociative
cheni sor pPi on reacti ng WPRHE ZRRER, SMBODINEND: GF yBHE SHVEEEON n anot her
enbodi nent, a nethod in the present invention uses stretched nol ecul es

produced duri ng 8RachALLR, ASVARILANI T8N Gt Aoy BhalBngUpkace: 110 vet

anot her enbodi nent resent | nvent |€3n uSes excited state
sinple produdESCtaPRRcPCHTT AF FF‘SWFEE?%‘F%/S‘# QuRLELYSEr EO¥REF St i ng on
those surfacehober thatis@édliter lsomgbstantial | fretthices ofbehagenepsbl e of

pr oduct ngsr €agitb0-BaAdY sedidd AALPERHIBLL OThd Y FepaRSorARET di g O one

enbodi ment of |nven | 'on al yst surface IS w th fuel, such

as et hanol , "}‘?&Pﬁ' foPt %@ﬁdﬁﬁ?%“ga?e%ﬂ%u%ﬁ'ﬂcﬂ&t@vﬁsé%ydrocar bon
reformer. The proShtetschéd hyalreandielsonsseéDatet withh adsorxrption and

desorbtion have closely related, reversible effects,
both related to population inversion. A method of the
20 present invention in one embodiment uses the hot atoms

created upon dissociative chemisorxption reacting with a
fuel-rich catalyst surface; in another embodiment, a
method in the present invention uses stretched molecules
produced during associative desorbtion from a catalyst

25 surface; in yet another embodiment, the method of the
present invention uses excited state simple products
either desorbing from catalyst surfaces or vibrating on
those surfaces for a usefully long time; all methods
being capable of producing reaction products with

30 population inversions.

According to one embodiment of this invention a
catalyst surface is flooded with fuel, such as ethanol,
methanol, alchohols or gaseous products of a hydrocarbon
reformer. The products of hydrocarbon reformer may

35 include, but are not limited to, CO and H2. A catalyst
is chosen such that all or nearly all the reactants
adsorb on the catalyst surface. Many catalysts satisfy
these criteria, especially the platinum group catalysts.

8



35 include, but are not limted to, CO and H2. A catalyst is chosen such
that all of nearly all the reactants adsorb on the cat aI st surface. Many
catal ysts W 012% these criteria, especially the platind® GJISWH ¥at al yst s.
8 WD 01/29938 PCT/ US00/ 28930 The fuels chem sorb and di ssociate into

si nmpl e radi cal The oifnalwe cdhemibpsb 3udfdbsgociatle dste piupleumdiatadlsyst .

Under favorabl@noamléat%n§,stsgﬁbfaéevwmmﬂ h& Qabéki{&humséﬁtf%t' s cool ed or.

when the m xture |s adsor bed nol ecul es wi |l occupy
Tost of t he sulRaER fArEbE rohdEt oty AuGLRF FBRROFEESCT YR gon
adsor ption. Theuofacrens weodeddovrpremthmddxturesds femtitxians the

di ssoci at esg vi adgoﬁ&pmlwa@&ecﬂeé s~1nbwaﬁ%§r hBat Bfafhy éd}efa%@tl re

di ssoci ation ener 0 share mono- at om ¢ oxygen
atoms, or fre®* 'f'%% eaggcﬁegﬁsgﬂgi%ﬁfﬁggﬁﬁﬁ8rd?§¥%ﬂ ation site with
approxi mat el y ddsdxpttiam vahe Oxpyen, oiporersgisprptibat under ithdsenearly al |
the chem sor pt .ok €hnCial a1 80gs Ovia Wgnacesaeuhash cat sy th L eV of 15

kl net | C ener gy ar e re rr resent | nvent | on,
Suen hot at oY oiferiad Tt el 1P, cbS | A 41 elet 0Fs 0 Bilay 16T
first, nedlesshared rertaliyabetween| tvsi mompEeatosis, okygemsetanss orat al yst
surface is flopded i‘&cifba{l‘éel eaéﬁcﬁ&gi |é€layt %o&otﬂgt d%%@iéﬁ%ﬂ adi cal

pl aces non-thermal ener chem cal ,reaction coordinate
AR T W G T R OJp%ﬁrLlr SSE 8 of or “havi ng
approxi mat el y énexgwns thedr g, whtbhnea;rlapmldxmﬂmt ehgmiseipwiarhe neasured

activation eneaﬂys&&yau‘aai le¥ie@ e\&hgée NGRAeGag chlst kBER 1 hay Igaction,
and fornms Jeac *(Lon roducts _t ﬁre ba/ necessli_‘ﬁ bgrn ip their hi ghest
excited vi AT teé"teé'gyA@ESr 5? TIY e 5 eS8t 2FRYRnti on, a hot atom

formed fromthe di sbodikgt ipnespnbcévventiomdesuch hescatosd dbiaRte it can

reach equil i brgua1 @k ¢d1e, qatnal HabosHed a0 dikanabysdors ftstdi ssi pate

the energy as Reatel® LIP nePRLALS: LofAlAl S bakehile® Bladditead mkes

catalyst surface is flooded with fuel. Accoxrdingly, the

20 hot atom free radical places non-thermal energy directly
into the chemical reaction coordinate.and promptly
reacts with the collision partner, as a result of having

- approximately 1 eV of energy, which is approximately
twice the measured activation energy (typically 0.5 eV)

25 needed to initiate the reaction, and forms reaction
products that are by necessity born in their highest
excited vibrational state.

According to the present invention, a hot atom
formed from the dissociation process is made to react

30 Dbefore it can reach equilibrium on the catalyst surface
and thereby'does not dissipate the energy as heat to the
substrate or catalyst lattice but instead makes nearly
all of the energy of adsorption availéble for population
inversion.

35 In one embodiment of the present invention, the use
of a surface with approximately a monolayer oxr greater
coverage of fuel reactant also reduces the adsorption
energy of the oxygen adsorbed species, which adsorption

9



all of the energy of adsorption available for population inversion. 35 In
one enbody the present invention, the use of a Lt h
approxing%gﬁy&gﬂinnolayer or greater coverage of fuel ?g@@@@&#ﬂg|so
reduces the adsorption energy of the oxygen adsorbed species, which

adsor pti on 9 beat WoWId 23¢iggwbes/ bisoone 3o8yailekilenbal deattiami se becone
‘unavai | abl e tgrs@@&td on products. The present invention is also directed

to extracting the_ener fromthe multipl uantumlevels 5 associated
with the vibrati oﬁ‘g eeﬁ?%’/g toﬁnﬁsﬁﬂf?olrs?reagmg’r% Eggkgge Pes, whether or not
t he speci e remstnactings disegnemgyhéraonrthke angitipde guparystlevRils nultiple

quant um t ranshbb@8saé® walth ¢nBovebastideal @nerRHCOE ABWIR Sohdeare. 10 In
one enbodi nent _of the ﬁresent ng ntion nthoeotlcal. S sten% for exanple, a

| aser, causesPEPTRET STRRFL1%51 YEFSRSE! OF A acitsh "6 38 IF"B¥%een the highly
popul at ed, hi gleerhedron ithealsuwyfaseuaf ntibsatadyisy Theensltirle he
sparsely populahfehum! O¥E{siG4/AUEXBUEDET difole \WRitiveafrt BSé@Y drenDVes a
substantial fractiogn of the energy in the formof coherent radiation. In
one enbodi nenf, sgrgﬁcd?bvol taic device may transformthe radiation entted
due to th&0popul at tnnone remiycsiioenti pEcthy prasend] dowventiop, awth or wit hout

the 20 use obpkaeglSsydttan, TR cMBNPUEE HVE{dH)echi@Bs! bt RS Dadyeen

| evel s, resultl ng LN rm%tl £S,. e.g., doubl.e, tripl Of gégher, of the
transition fr&QaBRLPRSC 5{?24’133'—1893 Ri e RFTred ﬁg‘Fe -8 transitions.
25 This can bgoauvdéahpdi dhkgheyy viibratisenal aurmipi caimberaeheygy uned to an

overtone trangekks, ah@ 10X dPAr@elySpapiilited, oW GREAtUbrEIBONa
exc

transitio of the tteﬁj state reactsion r oduct., al%(]j:aggtlcix(l:acl)éy encl osi ng
the surfate reSYELEn FONETOHRBYe FETPRES oF AT HrBthicts
the energy in the form of coherent radiatiom.

In one embodiment, a photovoltaic device may
transform the radiation emitted due to the population
inversion directly into electricity, with or without the

20 use of lasers.

The laser may use overtone transitions between
levels, resulting in multiples, e.g., double, triple or
higher, of the transition frequencies usually associated
with single level transitions.

25 This can be accomplished by the use of an optical
cavity tuned to an overtone transition, for example,
spanning 2, 3 or more vibrational transitions of the
excited state reaction product, and optically enclosing
the surface reaction zone. The excited state products

30 are typically hydroxyl, a water molecule, a Carbon
Monoxide, or carbon dioxide specie.

Another way to accomplish this is to use sequential
laser stimulation pulses of different frequencies to
control and sequence the transitions of the inverted

35 product specie. The radiation is amplified each time it
passes through the inverted medium. Such a sequence of
input radiation sequentially depopulates selected

10



go arg typically hydroxyl, a water nolecule, a Carbon Mnoxide, or carbon
| oxi de specie. Another way to acconplish this is to use_sequential |[|aser
stinul ati oWiP¥EE of different frequencies to control &R WEEBhce the

transitions of the inverted 35 product specie. The radiation is. anplified
each tine it paseesetihlovgls tdfe thevanlef-IedlmibTationateguerne of i nput

radi ati on sequqlréé{g;al_l?lhéfdgﬁ?%ﬁ%\ge\%%d\slggrgg{lggs.10 WO 01129938 PCT/ US00/ 28930

inverted |evels nul ronal energy I|evels of the
inverted products. The State f Ghee axFt obf "REIINJ IS8T FATATIEFes pernits
geonet Irl es t hatpeaing tbayesudtrids thaei ageStaeaciling soahdvihgmbers wit hin
optical resgnance rediLqgn o) th do.this . isqq.f I avity
froma phogonir(':a cg‘%gkga%n%y I nder Scag'){\}{‘j'&i{’l é\g%iréeailn%eﬁghggéﬁﬁé sorp'formed by
confi nement of QuegWaywEehdd thim|isoloc §PEM (A 1388 CALEYHEFEN 31 a

silica-air photghdtenityband dapesylihderncanttevidizesnt thé tdreity eisent

I nvention, the us of. o0 ans ti PG f i€ f e or
energy differ enf(?;)e gt &geﬁg#p%geﬁnﬁ etve%I ?‘rﬁgﬁgl tl oner gngmtng\v/\’e{ﬁ%ve Y
transitions andarescaiznl helg) tin & isdvdrarahr pPReteicccrygERlt iR ti ons and
to sequenceot Bei [ J-Ensbhégémédﬁﬁneﬁdtd oENtRei presditatinventtiba, stheus ed

em ssion may be | i .bet i S~y-t hen bet ween
medi um | evel s e?nf(sj °3’%%§§§ %%A‘f%ﬂ%l%%ﬁvﬁ\%%%?g?% %E%?gr?g#é@ﬁ%keognhar noni ¢
nature of the onsxsht BaffarercedaivesiedPREENIeYRL RaPsikioRe aRAd
transitions of 1dwerchewelatrimaidics phddHehse callses thdsr duvértidn spaci ng

of upper | evel Jd A3k OBGch O MAAAUIBAE! BAAM 6 OMRAGRHLS fubaper | eve
transitions as the “energy level approaches the top of ,tﬁe otential well,
whi ch per nilSs dFimylagiprat 2% eMFsiOect THAL ofS ddds &FLIMI%3ERAnsi tions. | n

one enbodi ment ,emiS®ich the Bérofimal=aeld firstibédeedronhe htighast cat al yst
surface breaks {Qif) SYUHEL Motk dWl! Gl TR SEVLRL A Ud WihOBoANGw&ERUSES

levels, in sequence. The anharmonic nature of the
potential well associated with the multi-level

20 transitions of the chemical reaction products causes
energy level spacing of upper level transitions to
become closer compared to lower level transitions as the -
energy level approaches the top of the potential well,
which permits differentiation and selection of desired

25 transitions.

In one embodiment, use of the strong electric

fields found at the catalyst surface breaks the
symmetry, induces molecular polarization and causes
otherwise forbidden molecular transitions such as

30 multiple overtone transitions of adsorbed, vibrationally
excited products, to exhibit strong dipole transition
matrix elements. This in turn permits multi-guantum
transitions and renders these transitions to be active
candidates for stimulated emission.

35 The present invention also provides a way to insert
the reacting species on to the surface so that the
infrared absorptions of the reactants absorb the least
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ot herwi se forbidden nol ecular transitions such as 30 multiple overtone
transitio }‘2 sorbed, vibrationally excited product of3gesPi t strong
di pole transition matrix elenments. This in turn permts multi-quantum
transitions and renders these transitions to be active candidates for
stinmul at ed enpssisdble3frFneion exfermhe desirpdnenissigndyingSilEingyino i nsert
the reacting spegiegnepehBet N WY fo¥Fa cSentabrtfiee dyifdend.€ed absorptions of
the reactants absorb the least. 11 WD _0Q1/29938_PCT/ USOQ 2893 ossi bl e
fraction of the ded™ 8% %’%’()“ﬁ%rft’r etg’t?l fzfluﬁg ?ﬁecée%'%og'%’r %ggg in the
efficiency of hiradbandedpngnwavelengtrddiimine refecabsrrbinms cavkR6wn f or

br Oadbandblson&ﬁ/&\tgeanﬁkbmi afgsardb@ siib%é%}iﬁté?nﬁromi&lﬁn Fubessr t ?f' f rolmRa
porous substrate,, fr within t an r tr nnel s that.reflect
radiation at tH&/ qra%?f’mf Fgaﬁ%?ﬁtsf gtéi,atarﬁ? 8&e9g]u§%é‘)f%§j{e%n r?g"yt?ﬁxgve ni cr o-
met er or nano-¥asesr frsiquendies) eand mhenehemchotpbesi may fhafed Mlca®- and
where such tubgs.&y hagnelsetdY K HYiqakal Yato CLmsdh & gernigyers pl aced

on their surfagces. e suc syst em.i wi cking fu delivery system
This system \Ma)’ﬁ}rlhldr r?g]"&'deaggfg}é?é{%eﬁfc% Sc8h Sgaﬁne %80 Weteri al such
as nmetal vdol watdlivsdr slueterd oy lavests @lagedhennehet surflacesnd a porous
substrate whosgnel TiH fRegstes! vales wrlidngsruel aalebysy Hldtahers. The

porous substrgte. is in contact wt he wi cki syste he substrate may
be a zeolite, saesrycfg:éﬁ“\ ,“’°8ﬁaahnc§é4eog%mue§1‘ g%flhewﬁé‘%?i‘t%ﬁ }esf?bst rate

per meat ed wi t Iwetthadnahestiadssnely ae nrtidll ewoli o fibexerwettzd byone
enbodi nent, t hg,dis 6073 RKahheneot agidl,| Gtha ERYoRbAS Caliber Rt (¥HRRNt

frequency the cavity qut, of e and significantly above,.the spectral
regions assoctH %%ﬁﬁ?’ﬁﬁgn%{% SO pﬁﬁt%ﬁys%'h% ’b?%%’é%t ?r ention is
al so direct ed poresmsivhptraseadsoiheepnisicatc Wikh Sphecvicking austedd st at es
to extend theryé bhaddtantle mhlebe N@szed1ids RMOddebgeDEfi®r Sth that the

vibration energy i 4 Ul by dL3si D €Lkl Cperneated with
holes such as may.be drilled with a laser.

20 In one embodiment, the use of overtone radiation
may place the predominant frequency of the cavity out of
range and significantly above the spectral regions
associated with intense IR absorption.

The present invention is also directed to causing

25 adsorbed molecular species in excited states to extend
the vibrational lifetimes of the product specie so that
the vibration energy is minimally dissipated into the
lattice during the energy extraction process.

In one embodiment, the substrate upon which the

30 catalyst clusters reside may be a non-conductor, wherein
using the non-conductor has been shown to increase the
lifetime of certain vibrating specie by orders of
magnitude over that of the same species on a conducting
substrate.

35 In one embodiment, the substrate may be chosen so
that the vibration frequencies of the substrate mismatch
those of the catalyst. This isolates. and decouples the
superlattice vibrations from the substrate vibrations.
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| attice during the energy extraction process. In one enbodi nent, the
substrate upon which the 30 catal yst clusters reside nmay be a
non-condch@r”}’zWPerei n using the non-conductor has beenPENEMW28930 | ncr ease .
the lifetime of certain vibrating specie by orders of magnitude over that
of the same sp'éhissirmreasesndhétiitﬂetm&)ﬁfr at ﬁr?&&ci MO -@wfegdﬁaent,b Ehet
substrate ma e r .frequenci es .0 e substrate,
m smat ch thgsgél%t?@gb;tg'lg%? aﬁ/lg??&c#hi séq%o%# gg.l?%n%%elcn(f &g %ﬂ’é
super| attice vEFFRISnShepdRRL nEarem deposd tedpdianend, with\@eg@y/ 29938
PCT/ US00/ 28930highi re liatdveaphonsi et tddurinciesof o2 i ghtther exBmBxEi t €d
state on that pid aGR¢ S%_Q?rr%‘gr'}% c[Hi*r'eg-ﬁE#gfesfor exanpl e, chemi cal

p-ca %/ HKghrela i

vapor deposited dia , h ver | 1T r've” phonon frequencies, or in
anot her exanple 5 | PrREERT vERYPMGWHRENBASPr dixrefdk S0 PRuSpRasent
invention is ateactdioneavallahcheay Sitigh ﬁﬁa&ﬁfﬂ?n@y?@ﬁﬁ’é@s to\é\Eé?Qel n Tur n
may be used t ' e [ rent. cadiation. In one
enbodi nent of q%ﬁ%yi%gghgufﬁﬁ%%%%fs%glglgggr_slgcﬂaalsaectj.?%"lo&ﬁe?ﬂﬁo precur sor
adsor bed oxyge WettestaFee RYSTANtatayeRbion s stRsGite susbnae| Be ri cal
command uslitng pémwmbuﬁaergsmﬁwowﬁansmlfbﬁlltés grggrwar(dj 3! azed
di ode. In suc . (] e ) ' ta ectro an I ode
el ement of a %%ﬁlgg%dcgﬁdﬁg%%yﬁﬁh%@ho%%ggtﬁ]f%a e.cc\'ﬂﬁlgﬁgt Re et al
el ement has ani'l"s‘?ﬁ AFESTons egenernfiech by EPHEQ ttRteforyprdebbasede path of
el ectrons in tdiddedi ode, stbhse ®iekd,r ehe tat&Tysel idithe Enléﬁaln?t alh due to a
forward bias d n |t rgy .at _lLeast the sane
order of é% n;é feia;tgre agﬂfah‘ggé%emeéo]?ee%{ehe ég\rl\gmtp%@%fa%ﬁal%gnfi Hgéogthottky
hei“gh

barrier ght=¢ AAPE? nedfhi®e ther Brbad priswrant hps anthieknesa i on
barri er agai nstesti shaci at few timey dtie @ndrge! medn Areeolbhsh dFpi cal

di ssociative adsQiRbh@N:iASeRE | FAIdON hBEL! €] Sod ns Y5 bE2RPLAG, Medi at ed

the metal due to a forward bias are formed as hot

electrons with energy at least the same order of
20 magnitude as the sum of the forward bias and the
Schottky barrier height.

These intermediate peroxo species have an
activation barrier against dissociation of oxrder 0.3
electron volts. Typical dissociative adsorption

25 activation barriers for such trapping mediated
adsorbates are of order 0.1 to 0.6 electron volts. The
typical Schottky barrier of a diode formed between the
metals platinum, palladium, tungsten, copper, silver and
gold and a semiconductor such as silicon are typically

30 of order 0.5 volts. A forward bias of 0.5 volts would
flood the surface of the catalyst and its adsorbates
with 1 eV hot electrons.

In one embodiment of the present invention,
limiting the stimulation electron energy not only causes

35 a triggering of the transition of the adsorbate
precursor states to dissociation but also biases the
triggering so the transition does not go backwards,
towards desorption. If the adsorbate does go backwards,
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adsorbates are of order 0.1 to 0.6 electron volts. The typical Schottky
barrier o lode formed between the netals platinum )
'tungsten,%((,)guﬂglég%j silver and gold and a sem conductor such as 8%%3} icon are
typically 30 of order 0.5 volts. A forward bias of 0.5 volts would flood
the surface oflimH&igg: khesetimylation #dsrbaPRseReTIY inarersey hbe

el ectrons. |n fretdpmodhaengo ofhd iegirededirecvint i OThe lapprbpajatae
stimlation el GolORENEREY oDk AL URESy 38 & J41adsa0uhlint Ne

transition of the adsorbate precursor. st ssocl atjon hut also

bi ases the t riRfyEMaTgYsett ke (dEFRqMasioRoRarEser g P FRIERFECe Phwar ds
desorptions | feddmnadsonlsbealoes mhadk whedbaritBeMBd) HheO@88te

PCT/ US00128930;.. 1. Rl td ] i io e ' e t he
fraction that :b%gét hrﬂeetf(?%%i §2§s§%$*§%§tﬁh. %f%e%%%gg%’r P%xg)bé\%%eg %?et he
stimul ati on erPfEen £taPlakiBuresihe harriexe BA¥egy Hfderenges®8ci ati on
barrier. A goosrddwicce el.5 ther{¥edl Hits @lakevens haitodicddhdybanki er to the
state just be | SSOC| alsi F X8 ;ﬁ.f oxygen on
platinum the rg‘?eﬁ}éér% %’%\k‘/@&aﬂ%ﬁf% ence f%pggggelrﬂgé.g ev. gsi deal hot
el ect rons ¥} oddtkkpaspcsur Lopnesatph o P -¢ K¥ve2BA FRAREPIMNCHBIPRSS t han
this 10 di fferenaein ftie exabpieiof fange\foratbheandebriodditatatal, u€orwi t hin

t he reactivityeé%&glce?{ %r%%gge?dgpiq?g tafe, for exanple, of order 0.1 to

1 eV. Another ne he absorbtions of radiation favoring the

di ssoci ation path |ApatheanfAghbedtHe Bins itheaplsarPeiers f Haddetipaci e,
such as a per oRavofrhiefnitde dedsspLat fon atdo ilshit®, ehhengs aent | nventi on
may use ar&sop%gﬁi tciaaﬂtﬁév’e‘isepl?a{'ﬁ&t cifed! g%-hogs 5;631988%@' €

per oxo- chem sor ecfoxygen on platrnumfas ‘a per centineter (infra red
optical) resongfRBisogbesh sperital TR LS sHER PRBFERF oiValitdRPas
produced by anmaplsd rdrcalptdical haagitpred\erhaticed ehbhaseadiatoidnd

sel ectively St%gylé&éﬁﬁfg,sp%?gggggﬁéhisorbed oxygen on platinum has a
690 per centimeter (infra red optical) resonance. An

20 optical source of such radiation, such as procduced by an
electrical discharge or by a diode laser, would
selectively stimulate this resonance.

Yet another method may provide such optical
radiation in a manner that can be sequenced both in

25 frequency and in time. A chirped laser is a method to
do this. Some of the radiation that is produced by the
method and apparatus of this invention may be tailored
to be this desired radiation. '

According to the present invention, other specie on

30 the catalyst surface, such as fuel molecules or radicals
may be used as hot electron absorbers. As such, they
would dissociate into radicals themselves or transfer
energy to the peroxo- and superoxco- chemisorbed oxygen
precurseors, to stimulate the reaction avalanche.

35 In one embodiment, when control over the timing of
reaction initiation is desired, the catalyst may be
-chosen to have a charged precursor with higher
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Yet anot her nethod may provide such optical radiation in a rranner t hat can
be sequencggoPsosy i N 25 frequency and in tinme. A chi rpedl,h & a net hod
to do this. Sone of the radiation that is produced by t od and
appar at us of thIS I nvent may be tailored to be this deswed radi ation.
According to t RE-HFAER i’laﬁyéﬁ%i?o?ﬁa’d'i%rd@ﬁ%%tb‘hn F qeicden yst
surface, such whidhiglomelldyumakesra reatiadylss lemy decissed as hot el ectron
absorbers. As such,rf hgw \éﬁﬁbélﬂéﬁéocﬂ}ﬁet gotwgyo adéf-‘@i 34;0 SIRg! ygs or

transfer ener t o _the _peroxo-,and sUperoxo- em sor xygen

precur sors, T i PRRSERE tlﬁgeP‘éé‘B‘t‘l‘iﬁf‘ QP&néﬁ@mSS‘BaX ri'-rifr?'é’d@nbodl nment, when
control ove& t he tisvbsgraete (stastcloras rthel ahtabyss teslfad siflheacat al yst
may be chosenamnm/e t3 teh2h gese! SGERAoM bP BLONGL: ht \4\91:@,1.32?838

PCTI USOQ 25930 a atlonbrrlers gal ns dISSOCIatIOI’l a condition
whi ch nornal |y ’f‘r‘a ac&?&? XPty B @ﬁ PLALLRUR RANSHINAESERY , 18he power

conversi on devptacesd; the present invention using hot atons may include: 5

ST condustor ot ComeanscSEALIBbalAS e caba1ffe B aeSZ’eth‘s‘ﬁéﬁ'iZ;
pl ati num niqgoc?‘h%?éﬁ% a P§r°BFa§‘é??t’%Ftr?e§ﬁ§ yith b{ﬁH fied scat al yst surface

with fuel, 10 such an;caapmsmuef Sertistgiaige afiedani tie |O>qlﬂl(ieft‘Uthoa mechani sm
of bringing ai Ehé‘scﬁéﬁﬁ)egx' dhéR ad Y %ha?%%lcgéﬁgﬂtlﬁ%xg%nguehgﬂ el

ermitting air ut _and’ .reaction ucf exhaust to Ver
(F:)at al yst gsurf’é\%ae‘? tipn Wﬂ%‘éﬁr%‘?ﬁ‘f%ﬂ’?ﬁ’aﬁ@%’u@?’“ Sthéeh caEalyghi d et hanol

met hanol , hi gh@nr@@hohols or the product of hydrocarbon reforners, such

as mi xtur egs cont ai my&ocaafgsﬁgféhmth%ﬁqn gueﬂxwen 1&%)5}18969”3“0
resonant opt | cal avi ty I 03|:P 29‘@ t he ca aI sur a%ce reaction regi on
el &2% .

and a | aser vPEy*t %t

hydrocarbon reformers, such as mlxtures containing
hydrogen and carbon monoxide;
a poly-chromatic, resonant optical cavity enclosing
20 the catalyst surface reaction region; and
a laser system using the optical cavity to extract
coherent radiation f£rom the inverted population of
reaction products. _
According to one embodiment, the hot atoms produce
25 -associated reactants born in their highest vibrational
states, obviating the need to supply such monatomic
specie externally.

In some reactant-oxidizer-catalyst cases the
reactants, such as hydroxyl radicals, desorb
30 immediately, which places them in a long-lived state
(approximately 200 picoseconds between collisions with
other gas molecules, and lifetimes of 10 to 100
collisions) compared to lifetimes on the catalyst metal
surface (1 to several picoseconds). The laser system in
35 this case stimulates transitions to remove the
vibrational energy. The hydroxyl will not find many
other hydroxyls with which to resonantly exchange
energy, thereby precluding rapid thermalization wvia
15




coherent radiation fromthe inverted population of reaction products.
According_to one enbodi nent, the hot atons produce 25 associated reactants
born in tH@W2BYhest vibrational states, obviating t h@CRASON/28830s uppl y
such nonatom c specie externally. In some reactant-oxidizer-catal yst cases

the reactant ¥esstiaht asolhyidinndl lexdhanks . ofl s i durardi at el y, which

pl aces themin. ng-Lli v ‘ (approxi mately 200 pi coseconds between
collisions w ?ﬁgrggﬂg?éjga%%%t ecu ness', and lifetinmes of 10 to 100

col l'i si ons) conpar &8 ?Ehﬂf%ﬂ‘-’r%é:h@npﬂfﬁ_éu@'éﬁalwimlad surface (1 to
several picosed®rdsjiondDEy | esEitey PHEBY 003 5mdP i SerATE ol khMl at es

transitiong t | bratd Qnal., energy. .The -hydraoxyl w not find
many ot herg h%.?%x F’g %\nafﬁaé\%ﬁ caf%“% g'%r gg(l)ﬁa% %(?/ %&%h%r%&lméngyg%et her eby
precl udi ng rapii®rekéPRal Youtd B \Afa crdenPbaeSOTIBIRCT/INT SbdAE 26890
resonant col | itheoratakyebarngerffcd kaetblrecuf fé14 Vddilsald amakigusht@hi ons. In

ot her cases t L , | I vi brational L) cited or .CO, may
remain on the a@%ﬁ g#%‘? %%?’?%&cog%e é\r? % ﬁEFﬁ?gf aé%xﬁ(?e aicﬁiﬁé'?i' nand t he
vibrations wolth¢ Baser syakesm gamderodaduce ntransitione onhsheatal ytic
surface eliect rdeechtiel headses 481 tdvau@BhE M £6F Addrd1RNS £t @nhBecone nore

trongly di pol AY t he ser..sysitem may now.i nduce transitions on
tshreolg Zecoﬁd,eg(tcﬁ?'%g %Fag‘?ﬁo%vc’err téoofie, wa%ﬁ é’i’éﬂ%‘f%r grhgg s ggc?f‘gﬁrstat_e OH
or CO. Wth t 3n8P8r PRtNBERS RAT dragond, 10ypbeabert Haad getadpsbad, typi cal
of good cat al yalesatQpgr fhi tigein dmﬂedﬂeﬁgfsdi@@?f&{qﬂlﬁgﬁ%gdhg %@@S,tg ég?

| ayer per centy e "ol I Qn,. Ghanber, wou I.e . :
cu%i c Eent i matlea%(%f bF%vg%geHﬂ%%l Q{ELII?OIII. reﬁ?’s?rbe? sersf”fDHEl%qi’é%f m ssi on
under condPti P9 WREES Retl ekt aentimebert ob Hivértagd popRilghien]

schemati cal | y THiewpetmit Sst BRACLAtHA @hidsidRViksdedt CdnMlkaraat taFe of these
concepts. In BQ4€otherwise be too difficult.
Figure 1 schematically shows a cross section of a

device to implement some of these concepts. In Figure

20 1, a substrate 101 on which a catalyst 102 is affixed,
where a gas flow channel 103 guides air 104 over the
catalyst 102. The catalyst substrate 101 is porous and
permits the flow of fuel 105 from the fuel side of the
substrate 101, which liquid or gaseous fuel is guided to

25 the substrate 101 by the fuel channel 106. A
polychromatic resonant optical cavity, formed by laser
mirror 107 and laser output mirror 108, a laser control
system 109, and the greater optical cavity 110, enclose
the region of catalytic surface reactions 110 and

30 extract energy in the form of coherent light 111.
Exhaust 112 leaves the system and flows through the exit
channel 113. Structural materials 114 support these
elements and form the fuel, air and exhaust channels.

In another embodiment, the present invention uses

35 stretched molecule associative desorbtion or excited

state products desorbing from catalyst surfaces. 1In

this embodiment, a power conversion device may include:

16



20 1, a substrate 101 on which a catalyst 102 is affixed, where a gas flow

channel 10woQyhédes air 104 over the catalyst 102. The C?&?ﬂ'ﬁ#ﬂﬁh 9gbjbstrate
101 is porous and pernits the flow of fuel 105 fromthe e of the

substrate 101, which |iquid or gaseous fuel is_guided to 25 the substrate
101 by the fuel chafitRit PGG(S SBSPy%%r%tanall(ﬁBnéﬁ?e%ﬁ isdeiic@avi ty,
formed by | asealuminaortit@hniandal asweicondytiormorr eellO&hoserl aser control

system 109, ang.{be; f £LALWwhIRh! G2bigAMALdy, L1 SRELES CcatdX gfsfteglson of
catal ytic surface rgactlons 110 and 30 extract energy in thée form of

coherent |ightPtAc®%Exhaust 112 | eaves the systemand flows through the
exit chann®l 113. StwmecHamizin fatrebribgird Fuelppodt atheétche el enents and

formthe fuel, ,Qi§; 2806 X r;ﬁg,srthghgﬂf@ér | {aiakher crahedE ment, the present

i nvention uses 35, st re nol ecu assocl at | Ve dESOI’ tron_or excited

state product sPEERHYHH qeraﬁﬁlaﬁ‘ﬁt ippet ang meassioppprofnct swedEent, a
power conversi bn fibww ceverayhenchtdbyst GuMiad®;29938 - PCT/ US00/ 28930

substrate(s) such a t Si | tig

sem conduct or or vveﬁ&h?o(ségﬁghé?er#‘%?ﬂﬁﬂ H grs?#'n ﬂ%s' Fﬁ@hﬁosen
catal yst |40 pPEedYct L hydeRsarsan et ‘b'?"l‘er@'n@“f’t}ef‘sa.‘ﬁﬂ“aﬁes(the

oxi di zer), i ntcohteimivaniiydrogenhand caxbmnmenoxpdem 44 itlge react ant i nput

and reaction pg, & Ub b pyer the catal yst surface; liquid
et hanol , net han ?y& ¥ er alcc n& s, or the 10Q product of hydrocarbon

reformers, such as ‘?113& cbropghi ﬂ?@%&@él’rcﬁﬁd"%‘%%@ REiPHe, as
~the hydrocar bthereasicalyrdt fsueifaca peagtidn argiion; asdonant optical cavity

encl osing 14he cat aéyfése%ursfy@eemr sgﬁg Yhd %qstqealaegvitéy &d ARraBySt em
coher ent di ati Ir om. the inverted

using the optic cavi t extr
popul'at i on of CPESESHPASHAACHS CERE OV Y S5 SnPeRe
conbi nati ons ofteaction products.
According to this embodiment, combinations of
reactant and catalyst, which have been chosen to favor

20 production of inverted products, are caused to flow
into the reaction chamber containing the catalyst
surfaces and where the optically enclosing resonant
cavity and its associated laser system extracts a
significant fraction of the product reaction energy as

25 radiation. The products are then exhausted and removed
from the optically enclosed system, which removes ground
state species and maintains the population inversion.

One way to achieve this has the optical cavity
enclosing only a region close to the catalyst surface,

30 that is, to use a surface laser, while permitting gas
flow out of the surface region. The state of the art of
surface lasers, such as disc lasers and single mode
photonic band gap systems permits such cylinder
symmetry, air hole systems.

35 Also, catalysts may be chosen according to the
method wherein the catalyst exhibits a "pressure gap,"
as it is referred to in the technical literature. As is
the case with CO oxidation on Ruthenium, the oxygen rich
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reactant and catal yst, which have been chosen to favor 20 production of
inverted woagheiss, are.caused to flow into the reactionychagherscontaining
the catalyst surfaces and where the optically enclosing Tesonan cavity
and its associ at ed Iaser system extracts _a nificant fraction of the
product react FOIPEHHGY 1Wess Fhg| FFYIHRT beRé B%oﬂﬂﬁ?@%ﬂ‘%n{ hen exhaust ed
and renoved nﬁenmﬁmg)mhecdbbyre@oéxmtmhﬁm making Renseesofground
state species | % [ achi eve
p tﬁé‘%&@d HRiive EQEaFgSI 25 gf?—zl'}ea@ ghal Qﬂar%@em ttlhe

this has the o cavi t enc gl on c cat al yst
surface, 30 ?%é#m?%e d ppdgroultey pigh “Taé%’é‘F“ cﬂﬁ LEipas nfReY R ¢& fl ow out
of the sur¥ ackeremp @t thHeeclethatecatalyteicart of surface |lasers, such as

di sc | asers and S|f}glﬁl@g§bogmﬁggl Co xgeg'?%yg%81§¥§t FHE éﬁ?é@zt%e%mh

cylinder sy trﬁ/ hal e sys chosen
according to Phe* %éi%ﬁﬁh&?&?ﬁy?ﬁe I:tat}&!%/?@eé‘xﬁPSFFge‘é 'ﬂ}i&#"essure gap, "
as it is ref eotheirw:cea rcatthd ytéchblg alnddttiseamertalsAssush ddegaaase with CO

oxi dat | on on BLNENIJA HhBeBXKEeEeg el IR G1h2095E: PRS00 26000

adsor pti 2{1 | ower s_ t he oxyge adso t he desired
oxi dat i ot andAeRh¥F SRy aﬁn&h&f nupher Rk tu IilVénSaﬁ‘aF%t]saY%r%s t he
charact eri zat decseagest,f clowad tontleand| 2 reoritilglyerac Uity coRghpieoONs show Ru to

5 be one of the |egstg cat bl fﬁf:nbfa§%¥s§ G‘t’ﬂ‘éb% %tgogf d tt% ld or the

properties of t he desjired cata rve ot her wi se
catal ytically ?‘ﬁ%‘&‘f’r%%f’gl gxygﬁehh%g Lesikek °bS&F¥eéaE§e’€let 0 becorre
reactive, andnegligibiel.y @eodhzOncabet s swonad alybesndabesasds wader | yi ng

metal |aypts bs 2dqg{aegdﬁgplq?mgsogué%l[a%@f‘_gt gl ausrs té%)gfﬁ%%”pl e. At 6

or nore nnnolggers th dISSOCIa Ion oXygen has
been observed BFe %ss*f?@ﬂt}’nﬁ@r the HeL8I BGERL decreases to 3
15 or 2, the a&hmtt;heg mhblayentcam_nreﬁ:s@flfat:eeﬁxygem 1but not to bind

it too stronghynbPaydie 1R Qf%ﬁh%ky of the gold substrate catalyst
for oxygen is so strong that the oxygen becomes
20 unavailable for reaction.

In one method to choose catalysts of the present
invention, a method of tailoring and choosing the
catalyst favoring a stretched molecule may include:

creating a list of catalyst candidates from the

25 entire set of metals;

choosing the catalyst metals with the interatomic
spacing of catalyst atoms such that the reaction product
exit channel would form a product with a stretched bond;

forming a catalyst cluster including atomic

30 monolayers in a cluster of nanometers dimension on an
oxide substrate;

choosing the number of monolayers to control the
affinity for both oxygen and fuel.

For example, choose a gold catalyst of 2 monolayers

35 thickness placed on titania to favor carbon monoxide
oxidation.

Figure 2 shows a cross section of an apparatus to
implement some of these concepts. Figure 2 shows a
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maki ng the 2 nonol ayer catal yst efficient. At 1 nonolayer the affinity of

the gold substrate catalyst for oxygen is so strong that th en
becones ZOWQHWQ?q able for reaction. In one nethod to C?Rﬁ%%s%wgégqusts of
the present invention, a method of tailoring and choosing the catalyst
favoring a st rsibdtemktepReturesiing ioxlauguprerea2fhgnd lonswhathcat al yst

candi dates fromddgst2208Ni5r LESBledl ARbALSEuEN OB NGid Bercabsl yst netals -

with the interatom,c aci of _catalys t such_t hat . ction
product exit THEHEAS %gﬁf“dgg%rjrﬁ‘pauatprc tl}%lfﬁvmggﬁ aéj%{}yeé"‘tréghe%gg%%? formng a
catal yst cl ustetatiengreduggsatonbe Bomeshondysadiate drithst raskioRnonet ers
di mensi on QN agharhd10203Ybghd at fisdd ahangrt bes newBfawd viitanehayers to

control the affinit or _bot xygen and.fuel, .For I se a gold
catal yst of 2 m%‘iéﬁ’émﬁg ??1?%%%?@%%588%% t]f?sg%%amt %nglg%jr? car bgn
monoxi de  oxi deaviy, Hogmed By shrsmyr avigreys 238candnlasferaPuspphr at us to

| npl ement  somenOfrd;N854Q ,CANEEHES . coitdyIe sys8BAI1R, ldhd\@HR1 528888

PCT/ US00/ 28930 __substrate 201 resti on_a su rt n n | a
catal yst 203 | PHd &T,V%Xugﬁé FRRTEL0 2208 407" 25‘?5%%[ grhlgn]g'ﬁg%%?n t he

i nput  charlifel @Decatmlysdct suefate cxpachions prddextradto Rerpyr ABdtARd
radiate in thegsRRUdd Qdharel@NDesh?BA3 .and causes exhaust 208 to leave via

t he exhaust channel 209..A polychromatic,reson 0 . _cavity, fornmed
by laser mirror 21 r’ar?tﬁ‘qtgggre‘a%?% erTnE};rﬁ %Pgr ?Ef%t&% %‘}segﬁlggntrol system
212, and the gfawbeing diei shlingdatign and tdadngont ZRACTA®R encl ose the

reﬁi on 'éLOI of hCég%éﬁ&riésSWa&aQﬁcI«@@él ions and extract energy in the form of
e T 7L A B TRl oS i Yo favori s
embodiment ;
a semiconductor substrate and catalyst forming a
Schottky diode, with catalyst thickness less than or
approximately equal to a few times the energy mean free
20 path of electrons in the metal;
a mechanism providing a pulsed forward bias on the
diode.
In one embodiment, a short-pulse light source such
as a laser may also be used to provide the hot electrons
25 to energize the trapped adsorbate. For example, such a
light source will cause a chemisorbed peroxo-like doubly
charged oxygen molecular specie on a platinum catalyst
to accelerate its transition over the approximately 0.29
eV barrier, where the molecular specie preferentially
30 moves so as to dissociate. This favors dissociation
because the reverse reaction, creation of the super-oxo-
like, singly charged molecular oxygen, has a higher
activation barrier energy, and the physi-sorbed specie
has an even higher activation barrier. The laser may
35 provide the fastest and shortest pulses. Alternatively
a hot electron injector diode may be used.
According to one embodiment, pulsing the diode with
0.5 to 1 volt for short times, such as fractions of a
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15 a chanber simlar to the one used in the previous enbodinent; a

sem condu%%,ﬁ;,gpst rate and catalyst formng a Schott k)ﬁﬁh@&ﬁ%&?ﬂst h
' nes

catalyst thic s less than or approximtely equal to \ s the
energy nean free 20 path of electrons in the netal; a mechani sm providing a
pul sed forwar @16PEECERAt HerigfiSdbe PReFEE eftdvdianan fracthent ofutke | ght
source such @sublyashargey mdleeularussigén 6 dtdladvea hekdelegbrons 25
to energize tlagsgg pPREd adsorbate. For exanple, such a light source will
cause a chem sor eg peroxo-|i ke doubly charged oxygen nol ecul ar speci e on
a pl ati num cat al ysTRetBohcGEmone crearpandpen otH@Yy dnatRatappresi mit el y
0.29 eV barriheatringeot & heetral muhath&maieimﬂaa{]ie@ Is@bls‘irﬁ@enﬁ%(fs SO as
to dissociat e Thi.saf ayo | l.at o S reverse_reaction,
creation of t g_gﬁggr E%x%sr%%%lst?‘h"& 398%%%&?%%? g_:coul e >?§gen, has a

hi gher acti v&iBHIBLEr P ReKAOxGyLlikedspReiphysin ddiiseaypedi ¥ervias an even
hi gher acti vatsmadlbamoust .ofl lhifhi]ta.&&r sEapuBat GF dndiet t fﬂﬁy‘(‘j ;&&éﬁééd@d\,g g
shortest puls rpat ciLo n or diode may be used.
Accor di ngpto %%gpé%gdﬁﬁeﬁ@ %ﬁ%wn%hfﬁggdééd%%\d%}%%eﬂ'S to 1 volt for
short tinegf, such HiI9BFac? iYWoR £TPFS\\EROLioNISs FPCHPUSEELASIRBO

pi cosecond, rdimpaemehe eofs BFf athede abgeeptact i Pitnde th.h%hﬁdtgub: y ;:harged
nol ecul ar ox e t | ssociate.. The el ectrons
creat ed upony%%(%ﬁElgﬁép aﬁ{‘%lg%u%‘%%q&%& gﬁﬁg%?eaa%tsgqmg‘ﬁ'a&e h&Pral

i nsul ati ng sulPSCPEt dnnBYlse® uSaRceRtFatdpgnehatsuksdaetitaskdiatedt o

further stimenatrgyt he pesmads Iﬁilﬁfé.SpQCiEeelhBlo:Ejf'%r&i \&8\s 3®2V$&5étu:t$ﬁal |

anount of jkni tJ ' : ngede coppare e energy
out put of 1tI5heggégﬁkh%%%%hﬁqﬁéh%ogsgr%é% lsnepé'}tl Sn aq eansgf)par atus to
i npl enent som@TGf SPREBEE cBhR GRAtRLYIStgsrEface nddE and mvisdsexbn t he cat al yst

surface are stdhemiabed dp adsorb. The catalyst 304 and the

semiconductor substrate 305 form a Schottky diode. The
thickness of the catalyst 304 is of order 1 to 5

20 nanometers, which is less than the mean free path of
electrons in preferred catalysts such as platinum,
palladium, tungsten, rhodium, ruthenium, copper, silver
or gold.

A short electrical pulse with positive on the

25 catalyst electrode 306 and negative on the semiconductor
ohmic contact 307 causes a forward bias and a forward
current in the diode formed by the catalyst -
semiconductor element. The electrons of this forward
current have an excess energy approximately equal to and

30 in excess of the forward bias voltage, and these flood
the catalyst surface, initiating a chemical reaction
avalanche. The hot electrons cause adsorbed, chemisorbed
molecular species trapped in precursor states to
surmount their activation barriers and adsorb as atomic

35 specie on.the catalyst surface.

The electrical trigger pulse causes the reactants

to react all at once and together, causing orders of
magnitude increase in the concentration of products,

20



occur in pulses, concentrating the subsequent radiated energy in a snmall
time. A fuel 301 and air 302 m xture 15 enter the reactign hrough the
i nput charfW@M/288  and contact the catal yst surface 304 &T&’ngﬂfpg sorb,

chem sorb or adsorb. The catalyst 304 and the sem conductor substrate 305
forma Schott kguéh osie. e:EEi’istedt bakaespeaie txdicztiabysh SR remaxfiomrder 1 to
5 20 nanometerrg %‘t'éfrbdﬁs shBansdde frieechat Bxfuste!BEhhels in
preferred cata is S such as platrnum palladium tungsten, rhodium

rut heni um copp silver or gold. A short electrical pulse with positive
on the 25 catal yst mledemwderied bpdlassatmivercon 3theanénlawnd wottput ohmi c
contact 307 Caysesee 4 $25 1 4335 cafe Sy Tt 318U BRA! ek drbfcdiode

formed by t]rzle cat -' sem conduct of el eénent.__The eiectr(}ps of .this
f orwar d curreﬁPtﬁ‘é’t’/% eAVity ceds reaetign aﬁﬁﬂ""o%oﬁat gPglegeding Fegign30 in
excess of the béreatalytias smifhegereanictidiree sd leatdact henexgyalipsttheur f ace,

initiating a cp_g;qncg% éc?}?eﬁ:te!n nhgﬁgl g#{ghe. The hot electrons cause
cu

adsor bed, chem sorbed ar “species trapped in mecurs r stat s to
surnmount their actl‘G]a%Ir%rF"tFarW€P§18ﬁdhaa%lm POrSiGHRT Y .the
cat al yst swof agesciiced|weintll irespetti gged gmémxeduseboﬁhaenteact ant s to

react all at org_ﬁgrggg tjggq';ﬂqr be gﬂé\opm 299 oseMBRN 146 REEAsSE I N

the concentration of produc 8 PCT/ US00/ 28930 uch as
excited state @gEcrkbat a‘%f?%tﬁ%%ﬁnﬁhénﬁie%"c}ﬁ’bﬁ 2PF5fn&P éb@‘.‘ al%grstaust 309
| eaves vi a t hedexhablstmahdwadade3dtBerdin asirthdulr Wegalpyihgsbromitheor 311 and

aser out put | SpELitotndlduork |35 SheCRlsS mwst@@rstﬁam 1), e eat er

optical cavit reacti on zone encl ose tp% of catalytic

surface re&étl Gkdland %‘kt‘?}éﬁ:taré'fné’l’-&} APPTeRats, ShE‘F%trﬂrqst 314.
VWi | e the i nverhieohnhast bheemayyarsvnetiaes ybes hosed ded advantase widdwulli t h

respect to a prelgrLedo&iPaY WY of the other features shown or
described herein above. Similarly, some features may be
combined, within the scope and equivalents of the

20 present invention, to achieve a desired result.
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thereof, it will be understood by those skilled in the art that the

f oregoi ngwengegsdier changes in formand details my be gEgHRg in
w thout departing fromthe spirit and scope of the inventi on‘?/{blg—:{)o(ra exanpl e,

those 15 skilled in the art will appreciate that the features-of---the

i nvention may sonetines be used to adfZR¥§e wit hout ing use
of the other features shown or described herei ne‘m}wiﬁ&miﬂmjﬁm sone
e
C

features may Qg o¢2fi ned, within the scope and 20
present invention, to achieve a desired result. 21 111" WD 01129938
PCTI USOOI 28930 CLAIMS 1111121122122 01 1 0 1 0 120 1L 1 1 I I1 W claim

c L M5 1.5A nethotl. f ok metdaid fprhetreatdng st catsomy & @f soapeegeti c free
radical s on achabgeyst Piid atfiS9EPLhSLGar2PA Wi reT0l SCuUl e On a

catal yst via a precursor nedi ated trapping; l'ooding a surface of the
catal yst wi t h“GRB*OP*MBie reactant nol ecules. 2. The nethod of claiml,
wher ei n the adsor badgorbimg uderilebnladsar i egtAlysxx wgen amphreeureor and
trappi ng the %HQSEeHDEf&é’%%QO;n one of platinumand silver. 3. The method
of clai mpl1 t he rre%tlmd urther 20 including: cooling the catalyst to

i nduce cohfensat i of*SAMNE Gh BWERSE 6/ SRet PRtakysd y&iths GPEapE. Nare The

nmet hod of cl areattanhemelecdlwss . fl oodi ng 25 includes: flooding the catal yst
surface with fuel to cause a bias of the dissociative chem sorption

process toward the creation of hot atom oxygen free radicals, wherein a
col lision partner 6f tHeeHsthadb R slpAB Lycyherein the adsorbing

includes:
15 - adsorbing an oxygen molecule; and
trapping the oxygen molecule on one of platinum and
silver.

3. The method of claim 1, the method further
20 including:

cooling the catalyst to induce condensation and
concentration on the catalyst surface.

4. The method of claim 1, wherein the flooding
25 includes:
flooding the catalyst surface with fuel to cause a
bias of the dissociative chemisorption process toward
the creation of hot atom oxygen free radicals, wherein a
collision partner of the hot atom is the fuel.
30
5. The method of c¢laim 1, wherein the method
further includes:
selecting a catalyst such that the oxidizer
chemisorption, dissociation, and physisorption energy is
35 a fraction of the available chemical bond energy; and
the flooding includes flooding the catalyst surface
with oxidizer radicals to cause a bias of the

dissociative chemisorption process toward a creation of
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30 5. The nethod of cl e method further includes:

sel ecting a catalyst s?mml\mlmnﬁ“t\l“ﬁl zer chem sorpti s@ CI ation,
and physi sWPB!'?b’ energy i § 55 % fraction of the avail a%’?réu h(g %al bond
energy; and the flooding includes flooding the catalyst surface wth

oxi di zer radi ckdts dtercdued Sree axpdifcalise wheredui atd¢dld icion parpredn

process towardof tHeLHI0at8h 22 el ¥ubh1Eped&id1111 1 1 1 L 1 1 1L 1 1 1 1 WO
01/29938 * ¢ L MS PCTIUSOO 28930 hot.atom fuel free radicals, wherein a

collision partner of the hot atomis the fuel specie. 6. The nethod of
claim11, wherein tie hGheamethod abhmlaim Ag wberelm Lhs MofeRtom- The met hod

of claim 6,5 fusdiefidite welBeule SBS etidding the catalyst as one or a
conbi nati on of platinum palladium iridium Rhenium Rhodium 10 8. The

met hod of claim6, further including: selecting the reactant specie as one
or conbination of et Fagomethedeblcladmd 6a Fnostber Biclwddmgcar bon

reformers. 1? 9. Aé@.@&dn?tﬁé'é&&ﬂy&ga‘éxbﬁézéf awﬂmaifanbaaaflons
conprising: formn cat t sur usi a,cat S avoring
accumul ati on o?{n%tjgﬁ'ﬁ‘} gé’(f—i"aL %é?ﬁ"gbr %ﬁ?ﬁ?’umz é’t“he cat al yst
surface, tHe precursor having an activation barrier to dissociative
adsorptiog less than tre &EEhM&LéPrleﬁn{ le€" thtfx@iJeiﬂcmfzallnbs own precursor
state; and causing t chenm sorb recursor to
sufficient energy to rﬁsﬁf&ﬁ gg?h’é %‘r‘tsagg‘msé’t géﬁ #BaTrT 1 %ﬁéﬁ%hﬁﬁ%t hod of
claim9, whereph nékhanadcurtbanol ncindies Pafoééﬁéxeflhwmw charged
OXygen precur Spéformers.

15

9. A method of stimulating oxidizer chemical
reactions comprising:
forming a catalyst surface using a catalyst
favoring accumulation of a charged chemisorbed precursor
20 on the catalyst surface, the precursor having an
activation barrier to dissociative adsorption less than
the activation barrier to revert to its own precursor
state; and
causing the charged chemisorbed precursor to
25 acquire sufficient energy to surmount the dissociation

barrier.

10. The method of claim 9, wherein the precursor
includes a peroxo-like doubly charged oxygen precursor.

30
11. The method of claim 9, wherein the precursor
includes one of singly charged super-oxo and physisorbed
state.
35 12. The method of claim 9, wherein the catalyst

includes one or combination of platinum, palladium,
iridium, Rhenium, and Rhodium.



30 11. The nethod of clai recursor includes one of singly
char ged super-oxo and ph)lmﬂ“ \mmﬂm\“m\ 25 12. The nmethod of claim?9,
wherein tW 5 V28938 yst i ncludés bne"or® conbination of pl BETMS928934I | adi um
iridium Rhenium and Rhodium 23 | | 111111111111111113 1 @ L ¢ 1 1 till s
WO 01/ 29938 ¢ L MiS PCThdSH@LB8A36f dThimise Eetrkhdioinelwdindg:, further

e uding: | pauclfnd RS LaBecl dng A Bhalily) wah 8 ChRTdRtUpOlT SOr

with a laser havin etermn phot on od of
claimo, furtﬂﬁ?c‘f%ﬁ%é“i% a LAfeY hyviRd |3c§’lrefi§gﬁél“%ﬁd PRRYQMi ng i nfra
red optical eaergtdon, using an electrically driven |[|ight source for
causing the charged precursor to 10 acqui re sufficient energyd 15h The
met hod of claim 14, wherein the lig source includes_a_gas discharge
produci ng opti cal 14adi F"&ﬁh°§5°§6°1% HretHEERSE LRaIRIINgF urther
including: stinuletitging ppe&uaz;oradﬂasnam Atineludihgginfra ete@Tt I Cf fi ﬁl d
provi ded by fiel d G saiionaheehbacesss i i 2102R00ELPLy PRA LY Of the
catal yst surface. %EO 17. %h ﬁ of cI alm ? %ﬁe}, ud| ng:
forming a catal yst ’r%r‘”‘-‘FGPrﬁfﬁﬁ ‘éa‘é%’ffﬁ rtd’ceeclhﬁéfﬂaél Hﬁeﬁu’éﬁ“?fdé'—q n contact
with the Tétal yst daydme Znffieient éherdyi ckness of the catal yst layer is
such that a distance froman adsorbate on the catalyst surface to the
th free path of an el ectron near
T e el e the mathod of AN 14, Shelain fhe Tighe

source includes a gas discharge producing optical

radiation.
15
16. The method of claim 9, further including:
stimulating a precursor dissociation using an
electric field provided by field emission electrodes
within nanometer proximity of the catalyst surface.
20

17. The method of claim 9, further including:

forming a catalyst layer;

forming a substrate including a diode in contact
with the catalyst layer,

25 wherein the thickness of the catalyst layer is such
that a distance from an adsorbate on the catalyst
surface to the substrate is less than 3 times the energy
free path of an electron near the Fermi level; and

applying a pulse of electrical energy to forward
30 bias the diode.

18. The method of claim 17, wherein
the substrate has a heat conductivity at least 10
times lower than that of the catalyst.
35
15. The method of claim 18, wherein the substrate

includes thin oxide layers to control diode junction
barrier heights.

24



applying a pulse of ele formard 30 bias the diode. 18.
The met hodwglysdesd M 17, CNIILIIIZHI Illﬁllﬂl |trate has a heatpEgistyedony i ty at

| east 10 tinmes |lower than tthat o! the *catal yst. 35 19. The nethod of claim
18, wherein the substrate includes thin oxide |layers to control diode
junction barrier heights. 24 WD 01/29938 | I~Il1"1 1ii Il ~I111 11111 |

1! 11 PCT/ US00/ 2893®0 .20 Th&éhwerizodozf afladimailm, 18hexndin dihe oxddexi de | ayers

have a thickn s mﬂ}enaneﬁ?éﬁﬁéséﬂoﬂ Q99 nafordeeddalchad of claim o,
further including stinmulating the charged precursor by one of a pul sed

|l i ght source, a pulsed | aser, and pulsed electric field. 10 22. The nethod
of claim2l5 whereiat.t ha‘hesmemcatcmgﬂiaslnp@r.f Srunthe¥ cinaluddingti on | ess than

20 nanoseconds. Z%t:.m@.aﬁﬁhﬁogh@fc}%l prechiR8ELI By tdie @FeRating 15
tenperature during the stinurating i es than 300 Kel vi 24 _The net hod
of claim 15, fenised Light,gPHECe. r it %?&SHEEF ¢ ORI SLPSEEL Y50 o5,
The net hod of f£ieldn 15, further including applying one or conbination of
fuel and air in a reaction channel to renove heat fromthe substrate. 25
26. The nethod of claim_15, mher in_t Jpul.se o el ect.rical energy

i ncl udes aul sed f%"’r'vvarTa‘ebF‘ﬁEh" ‘glaelﬂl %t gﬁ’?f SHyt™ ectrons into an

el ectrode suréabmlft ine idi pdefoﬁ@eQTEorTbedmah@dnolesﬁ &han2@0 wherein the

pul sed forwarg, é&géﬁlﬁasgreater than 0.1 electron volts ("eV'). 28. The
met hod of claim erein one or nore hot electrons having a predeternined

energy are used to 35 cause the charged precursor to acquire energy.
23. The method of claim 22, wherein the operating

15 temperature during the stimulating is less than 300

Kelvin.

24. The method of claim 15, further including:
removing heat from the substrate.
20
25. The method of claim 15, further including
applying one or combination of fuel and air in a
reaction channel to remove heat from the substrate.

25 26. The method of claim 15, wherein the pulse of
electrical energy includes a pulsed forward bias
sufficient to emit hot electrons into an electrode
surface of the diode.

30 27. The method of claim 26, wherein the pulsed
forward bias is greater than 0.1 electron volts ("eV").

28. The method of claim 9, wherein one or more hot
electronse having a predetermined energy are used to
35 cause the charged precursor to acquire energy.

29. The method of claim 28, wherein the
predetermined energy is less than 1 eV.

25



29. The nethod of claim <“ H““N‘Wredeterm ned energy is less than
cL's 20 W‘-’r‘h“e’”%eﬁéégi?’sz\ \\ m Whetel h an el ectrode "SPURREHY G o
constructed using the same naterial as the catalyst. 5 31. The nethod of
claim15, wherein the duration of the pulse is shorter than the duration

-of reactions occusecingris udthiodabsl ¥5hin s Actherdn3an Ehece®dbdwd of claim
31, wherein the gﬂéaéi&ﬂa i(g cto@:%t%«l:ﬁgd'és{)n tq{ec%%%[%og\ %erlal Asn apparat us

to generate hot a porous’s catal yst
pl aced on thetgﬁbg?\;ﬁlﬁﬁ?or allowing reactions to occur on a surface of
the catalyst; and a laser system surrounding the surface of the catalyst

and form ng an optigcal e of Q.cataly c urf ace
reaction. 34 Thg %]fopar'ﬁ?é/ é{:?H ?1 tOQ é’;%%v#er eWI}lle i tt% ?1?% one of

Pl ati num |ri @fukherpetrains Eﬁmrﬁéﬁl than pahe aﬁ%nﬁﬁl%ﬁésreﬂchh@n%
transition nebekburrhg3dn the gpaystusupfasd ai m 33, wherein the catalyst
includes a nonol ayer nanocluster on an oxide substrate. 30 36. The
apparatus _of claim 35, wherein the nonolayer nanocluster includes any one
of gol d ohO titania2-anfhe wathed 6F shaswi b, YERrefme thgpdnaationf clai m
33, wherein tlE Bhecphibdeysis ina wdesseabadyst islands of gold on titanium

oxides. 26 WO 01/29938 | L1 LELL bbb "t reerr e 1kl PCTNSOO 28930
33. An apparatus to generate hot atoms,
comprising:
15 a porous substrate;

a catalyst placed on the substrate for allowing
reactions to occur on a surface of the catalyst; and
a laser system surrounding the surface of the
catalyst and forming an optical cavity in the region of
20 catalytic surface reaction.

34. The apparatus of claim 33, wherein the
catalyst is one of Platinum, Iridium, Rhodium,

Ruthenium, Palladium, Tungsten and a transition metal.

25
35. The apparatus of claim 33, wherein the
catalyst includes a monolayer nanocluster on an oxide
substrate.
30 36. The apparatus of claim 35, wherein the

monolayer nanocluster includes any one of gold on
titania, and a metal on an oxide.

37. The apparatus of claim 33, wherein the

35 catalyst includes catalyst islands of gold on titanium
oxides.

26



38. The apparatus of clmlmmmmﬂu the porous substrate includes one
of zeolite_and aerogel tus of claim 33, e porous
5 substrat YAWPRes a diefectri'tc feflector. 40. The appgg’g@u@ﬁo#spcl aim 39,
wherein one or nore nano-islands of catalyst are deposited with equival ent

thi ckness | ess than3a.pefiberappuratiepolf cflaihe33 asdrexEdnr rapboeus 41. The

apparat us of C'sadﬂpt‘%%teweﬁ&fu&é Bl of SedNdesPacd NeRigeihe one or nore
nano-i sl ands of catalyst Is at |east several atomc d| mensions. 15 42. The

apparatus of claim4l, wherein catalyst island dinensions are at |east
less than a quarter 39wav§hen@pamttum@fo¢éatimné3r ahexsign theopdgoushe

apparatus ofs Cl&idBrideViRE Fhded NF AQI@Ey 18UPER @R NC] Udes a
non- conductl ng su strate favoring fuel adsorption, and the catal yst

i ncl udes one or nore nanoneter dinension catalyst islands favoring oxygen
adsor ption, 25 wherdion aTpeospparatfus afeadeion3dcotharaiq onet he mere al yst

reside on a ”Orha‘}%lqléﬁfaﬁasv@fncét_f@tﬁ@%%t deﬁw{@é&%uaﬂﬁ edufiHsest 44. The
apparatus of claim 43, wherein the "non- 30 cond ctlkgg)ts%t Ilfl_ate i ncl udes

one of al uni nurﬁ}&ﬁl‘d’@ss %PP?CH\“@J)@ cP&nettlrtaﬁﬁPﬁ BRFE salts. 45.
The apparatigs afadilaxiimn33, wherein the substrate is a non-conducting ionic
solid. 35 46. The apparatus of claim 33, wherein the opt ical cavity
further includes a dichroic resonator. 7V\DOI?§ hlII|IItIIIIIIIIII

L1111 S PCT/ US00128d30 Z%e FRRALHH ffuSlginc A"t he
appar at us furt hisldmtlspaesngacfi tlse amed Iorsmpreundmmglﬁ]lwd@atoél yst surface

formng-a first.ghanngl jhehpeenattes&alrally beemsdl dffehsiondnd the first
wal I, the rlesgl on of “catalytic surface
42. The apparatus of claim 41, wherein catalyst
island dimensions are at least less than a quarter
wavelength of the overtone radiation.

20 43. The apparatus of claim 33, wherein the porous
substrate includes a non-conducting substrate favoring
fuel adsorption, and the catalyst includes one or more
nanometer dimension catalyst islands favoring oxygen
adsorption,

25 wherein a product of a reaction occurring on the
catalyst reside on a non-conductor when the product

migrates and diffuses.

44. The apparatus of claim 43, wherein the non-
30 conducting substrate includes one of aluminum oxide,

silicon oxide, titanium oxide, and ionic salts.

45. The apparatus of claim 33, wherein the
substrate is a non-conducting ionic solid.
35
46. The apparatus of claim 33, wherein the optical
cavity further includes a dichroic resonator.
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reaction bei ng exposed Hmu ﬂ“umﬂm“ﬂltel wherein reactants enter the
regi on Viwologgoohg st ¢ |TE B, 48 appar at us of ‘i’k‘?}dﬁ) wher ei n

. . . 930
‘exhausts fromthe reaction | eave the region via the firs channel . 49.

The apparatus of claim 33, wherein the 15 apparatus further includes: a
second wal | surroufidi ng™3¢ FRRIFAYSIeTorlakR 3horBipradabsbeate that is
-opposite the ecapabatius Burtfleoe indlhdesecond wal | and the bottom side

formng a second  SN20psl pAl PR iRaihg Stnd e Ak IR RLLOM <1 de. 20

i
wherein reactants are enab‘%lc}to enter the seécond channel
and the porou?%gﬁr'ﬁtg?r%‘b.cwe&pﬁﬁﬁl?ﬁ% Be crafiahvidc wWMeEfare the | aser
system i ncbudesid 2beafirststwdldserche wegtiofli sposrhlagiiac enlrfheeone end  of

the subst!alercteeRNed A5 Undldd il LRROFELAUBLENL 10 aN  oPpOSi te end
ST a

of the substrate, the fir e second “Tasef mrrdrs formng an
optical cavity in WRETRER¥RRGHatE eatsrythe xegier &iscdde Sarstnd a | aser
control | er surchamnellng the first laser mrror. 28

10 48. The apparatus of claim 33, wherein exhausts
from the reaction leave the region via the first
channel.

49. The apparatus of claim 33, wherein the
15 apparatus further includes:

a second wall surrounding a bottom side of the
porous substrate that is opposite the catalytic surface,
the second wall and the bottom side forming a second
channel between the first wall and the bottom side,

20 wherein reabtants are enabled to enter the region
via the second channel and the porous substrate.

50. The apparatus of claim 33, wherein the laser
system includes: ,

25 a first laser mirror disposed adjacent to one end
of the substrate;

a second laser mirror disposed adjacent to an
opposite end of the substrate, the first and the second
laser mirrors forming an optical cavity in the region of

30 catalytic surface reaction; and

a laser controller surrounding the first laser

mirror.
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