
--- ---------------------------------------

: ':'~ . -. . .' . ~ ," . .

' ..'. ·,EXCI1;~D.$fATE ~O~T«)N. ~TH:E' fI.·'+ o~ S.YSTEM·
· .' : :. ':. ' . .' . '. '.' ~: . "," .

. . ,. " .. ~. .' :" ...-

·::·...:.-D.J~.GiACHARDi~ G.W.HARRIS andR:P;WAYNE ':. ,,'>/
::., '<.'.: :~ ·PhJ'sfcaiCll~~fstrY.Lab~'atQry.:.i:Jxfora. university; :O'xiord;.'QXi'3QZ,' UFt '.''.. . . " ... -. . ". . '........ " " ," .'

','. "

. .....

: .'~ .',:

- ".:-.

. .. ",:.. '
..:. ...

.".': ..-
....: .. -.. -.
: ' .:~

: .~ ... ,".:: .
"".

'. ;':.. :: ..:.> ...:,·~~~~p~r 'de~c~"besCii-iisSion)nth'e ~~.Wnu~d,~rodti~d -~.~:~i."tllreco~bWn~ ~tomic hYiir~ge~' (o~deuteriuni)
':: ': '.:',. aitd·mole:eularo~ygen.The~an!is observ~d areaseribed to the forma.tion of 02·(lEg). of electronically and Vtorationally

.:..... :'excitedliO", and,p:erhaps .02(1Ag). itl:th~ reaction systeJl1~ PoSsible excitation mechimisrnsarc presented. .' . .
. '. :. . ".- . . -'-: .. : : ~. .; . -.' ,-' . . - .-' . . ~
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:'. ·.. ·:·:The gas' ph~se'rea~tion betw~en ato~ic·h~·drogen·. magne'tic i?sonanceJ 10]. mass spectrometry [7.1 •• and'
··~....~nd iri~lecular" oxyge~ has been thesubject of many.: IR emissi~n' [11,12] .Iil..the lastc3se't~e H02 was ex-
:;.: ·mvestlgations. Aitentionhas' mainlybeim directed at ,. '. citedby:~c~I~re~onant..eneIgy.t~.nsfeifrC)in02(1~g).'.
: .. the i.ate of disappeaianceoni,moriitored.-for.. . the'grouridstate HOi being a~in~ermediateproduct '.
:,' exi!pipl~~ by.·;es~nance nuore~cence·· (1 ,2],opticalab~' ';'m an Oatom/olefin{Oi sY~tem. 02(1:t;) has been ob
::::s6iP'Uon [3}or t,he chemilunilnesceilt teaction' with': "serVed'byits emission at 762 nmas 3 product of the ..

:'. 'nitric 'oxidS'[4]; orartheemissionspechuin of' ':" .energy po~1i~g~~ctlon~f02(1~g) [13]'llnd of the ..
:.',hydroxylp~oducecfmthe system _[5] , the time-variant. :. .- .. energytra,n.sfer pr.oce~ betWeen.0(1D):a.nd °2, either .
:~ concentr?tioniofH. OH ana 0 beingmonitored by'" in.thevacuumUVp~otolysis of92 [14];' or in the '.
.' 'ES~.:[l?l Of. together'withH92;bY'massspectrorrietry ." lNPho.tolYsis of'o3{0i. miXtures [151,' ..' -" .
..'.[7]. The reactIon is commonly'supposed to produce . ." Ahyd~ogen/argoO"mixture' (about:1~.H2·in 'Ai'at '.. '

· :the.··hY4r~p~.rc;xYlpidical. fi02~ ~liich th~.~ reacts· . atotafpressute ofabout L5torr)wa~'passedthrough.
.t1irth"er With Hat"oms: .: :." . . . : a 2450 MHzdis~h:uge irito'a tube 36.rrunindi.uneter
.... . . . .: .. (1)'; .:and·8~rcnilong~Lurnines'cericeobservationswere::· "

.' .·fft.q;/ M,-+oH()2+ M , . ,,' . rnaiie"in a:tiidened:section'of L.i.e flow tube; 56 mm iii
. ,'" . '.' ." . (la)··.· . di~~ter.)~sid~·ann'enter~dthe,widened :)~ction at"
·H.·'" H02'.~.H.2'1" 0.2 t' :. ... .' .,., ..... '.' .' " .-

~ right~;lngJ.e·~ ·tot.he flowandmolecu.laroxygen could. .
· ." ' ....•'-r.·J>H+.9H ,". ..' (2b,'be aqded'throU:gh it . TYpIcally the partial presSUre of' .

. ., .,< 02 was 0.5 ta:ri'-Flowveloci~ies.ofthe oI:derof.. ..
. . .. . .:'1.6 ms;:,l were mamiaitied.byanEdwards ESI SO

:' / ·,'::'-"~:H20 +0 ~,. . . (2c) .·purnp and pre~sures:we·re ..measur~dbyacapacitance: ..
'.. - .:·:-W~h~~e~bs~~ed·' ~~~miluffiin~~c~nce'of a type ·~ot· " .•.. manometer (MKs Baratr~!i 145:Ail":l Cl)·.,':·' ...
.~p~evi~uslyrepo·rtedfromtheH·t,Ol.systern. Our' ob'" . . . Iffimediately do\vnsirea:m ofthe poinf.ofentfY of
: ~rni.tiQns are niade at 'sho'rt contact tirile; other.ex~· .the sideaml;th.eflow tube was viewed by.two· '. ....

•:.p'enfuent~i ~mlrig~~~nts have gerieraiiy QO't di~tin-: :.. ~ ' .•. chcipper:':'iri Onochtomator:"'deteetor.~sSen11J1ies :•. ' .'.
,;: gUi~~·d. t)e~ee~:~~sion producedatdiffeientre~c~.·~. : ..·o:J'i1ounte'd.li~~84t'angles' to eacliothe.r. a~~ 'to' the. direc~' .
·.tiontUne's..'itwill be'Shown that this chemilurilines- ~.;"" 'tion of~hetlo.w; Onedet.ec~or was an EMi. 9558 QB,: •.
~', c~~.~ is nioslpr~bably.a~tnDutable· to'V1brai~onaJiy'::' .' . photomultipli~r.lisedior the:~ible fo:·riear.irifx:ared '. . .
:·.~.rid :ekctr.oni~y:~xpited.HOi a~4t~,02(~~~).....,•.... :regici~.~~d:[lie.' oth¥r\Vas ~IlRCA6904Age1111anium:·· .•
'.::;.\HPihas..b~en"~~t~c.ted spe~~r9scopi(:.aJIY iJl~h~ ·godS . :photodi.9.~.e: use~.t~cpv~r.,t~:e.l.071 :6 ,JJ.rt.1.:regioli~ J;lM ,': :
"~.:PhaSe bY."tW: ab's0rPtion [8},iIRabsojption [9.] •laser '. .' .. pulses were'p'ro~e~sedusiQg·a Synchronous upldo~ .. ; :

:;,.;' . ' .. ': '-. -,." . ;. ~'. -;-,', .-:.,~ .. ,".:.' ::.~-~.' ."..".. '.' ,"' :.... . '. . -," -, ,:- ::." : ~" .~~. - .- ~ " '. . . .
." '.' . ~'., . -'.:.. ..- . .' - '... ," . .: :': . ' .. - ~.. : . . :.' . ': '." ,;' ':'
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, Fig., i: Spectrograms obtil.ined in tite Spectral region r.oo~' .
" 1.60 Ilm, Ca) H in Ar added t6 02 introduced at t~e sidea.rm;. ' ..
" ,(b) O2 arid AI. passed through a discharge and a~ded to " .

ethylene introduced at the sideann;,(c) Din AI added to 02
. '. introducctl'anhe sideann. ., " ,

1\. l\
l....-_~ ~:--__...:_~

500 ,600 700 800
'>./nm '

Fig. 2. spectrograrns obtained in t.'ie sp~~l region 450- ,
800 nm~ (a) H in AI added to 01 introduced at the sidearm:
(b) molecular oxygen passed through a diSCharge and then'

:' through-an HgO ring to remove 0 atoms.· ., .
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: coUnter arid'pliotodiode signals by a (princeton' .m4) " ,'state of H02 "We did not observe these bands; more~ .
phase~sensitive detector,: . . ' .''.over the spectra published in ref. [161 Show no evi-

, Addition ,of o~ to a flow ofHatorns in argon led dence of an'emission at 762' run. ., .
•. to'emission bothin the spectral region 1:20.:..1.60 Jlrrt .' ',Wemake the tentative, iiSSigrunentthat the! .43'pm
,.(see fig~:!a) arid' riear762 run-(flg: 2). No·otJJ.er spec~' . band is due to' the HOz (2A'(O,O,0) -+- "A"(0,0,0»)

",: tral features were de.tected in the ranges 450":"800 nm ~ra~sition and .the 1.51 ilIl1 band to the H02 ....'
" , and 1.0-1.6 j.Un~ The'IR emission consisted of a band ' (2A"(2,O;O):+ 2A"(0,O,0)tra·nsition. The band at
';a0.265 ± 0.01 pm;andiin. iniperfectlyresolved. pair . ..' : 1.265_±0 ~Ol J.LIncould :be d~e either to 0t (lAg, u=0 .

ofba",ds at r430·±·O,Ol~and'1.siO.±0,01 Pm- .' ,'. -+- :3:Eg ; v=O) or to Ii02 (2A'(O,O.l)~2A (0,0,0» or ,
These bari.ds correspondto,tho'se' obserVed b'YBecker·, ·to ~oth; Th~ 762mnline is likely to be the 02 (l~;,

et~. [11',12] in' their 0 atorn/~1~im/02/02(lAg).: " .' . v;;:Q ~ ~~g. v~O}transition.but couIdalso be tha
system and, for cotP'parison. fig. 1b:is'a spectrogram, . ,', (9 0+.4) "ibratiomil transition of OH in the electronic

..obt·ahled in: our,apparat\Js byadding·e.thyle.ne thIough ;'ground state which' w.oUld be llidistulgwmaQle at QUI

..,the sldearm:JO' aflowofoXyg~nandargol'l: which had·. :, rcs<;J1titiori.;: ::: .•. '", ' ' .

.:Jjeen :passed~through: aniicrowave diScharge'.' ,-:.: ",: ' " .,.' As' a diagnostic te~t" the experiment was repeated .

.:.:' :·..Mas(lJi'aIl~ p~()~" P6] :obs~rVed .band, li~a4s a( .:: .:,::,: ,'. using Di'~ste2d of.~2·.Under these.circunlstances, ,.
•. ::,6.85; .715, '156 and:81Ctnnljri an. apparently similar, ,,:: ;..', ,the' 1';51 ;.un.lirie disapp·~redan~. the L26S j.Lm and
::.iystennind..assIgned thE!~ transitidns to :in:~xcited:' .... <:_.... )~4~j.im lliies\vete·~naffectectFig.lc is a spectrogram
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.:..::ob~a~ed ~:th~"I?i ~{Q;.~stertl/1ii~secii~,ng~~~re41 '.' '.:', (i~:~' ~.0gIe Olt)·.o:~~ 'Up'lO2'~ 4·;.yihi~J1.ii~ 'be~p~" t~e

.. 3.ccotd~th~eob~rv.atl011~..or~ot.h B~'Cker ~t~t [121. .e:!;:clt.a.t1.~nem'rgy c:>f02 (lLg).. ...... ..... .' ' .

.. and'liun:Ziker. antiWeJidtj9]; arid..are consistent with ....,:.. :' ,',The prese.ntdata·arc:insufflcIent'~l):.dis~ing~jsh·.·
' ··the·aSs1gruri~~t~ given abQ~~~tI.1e.{9 ":+4) tra'nsition 0(':.:'.. ~etw~en ihese:or <:>$erexcitation p~ocess·es.: F~rtller :.:
"00 occurs·~t~42·~,Howeve't~'the:enUssioriat,:,:'::.' .. :': .. ' diagr1oSt~c expe~ents ate' currently'~eiilgcond~cted:-

.' 762. run'was stillob~erve~ fn th~ 'DfAr/02 sY.stem~.No :: ,:~:>,,"'.'.': :.... '.. .: ' .. ::.': :.:. :.' .:;
. ·otJler spectral fearuiesweie obseiV~d although several .. '.' We wish,to 'tharik the Concorde Oivision'ofthe" .
·'; ~q,.e"QH ani OD .tra~\l#·l~~1!1 'r~ '~thk ~~. regi~n.s. '.' . :.~p~rt~~:ntof ~nd~stry:.for.support' ()f ~his research

." we scanned..:We::~~tefo~e: .conclude· that .th~762 run '.,:: through co~sA.'.;-:':;··: ::: ...... .... .."'.: :'."',' .:. '. .
line:.is:duetothe presence()rQ2(~~;r'" .... : ..: ' . "., .....,.. .

.... . The following elementary pr,?cesses are amongst· . _:.. . . .. '.
those possible in the system:.':' . • References .'. '. .'. .. . . ~ '. .,
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· :.. :.:. (a)'reactions (3), (4a)~ (~bH . . [13] ItP.·Wayne"~dWri. Philtochenl~7 (i969) 3it>. ' ..
. :' ":(b)iea~ions(3);,(2b),(S)~(6i,{4ak" . r14rR~A. You~'aild et JJlack~J:Chem~·PhYs. 47 (1967)'.

.. (c)re~Ctions (3X{4a);'(7j,,<6)~· '. . '. . .' .', .231L- ' .'. .' .:' ,.... .' ." . '.
:We:.~xCJude·tliepro~ess '. :.: ." . . •... ' . . [IS] M. G~uthier'and n.R. Snenhtg, i. Che~; PhY~ 54 (i971)
.:.. :~' ..::""."'l'+' ..:.. ' ; . ,. .. ··~·4317.· ' ::- .
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