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a Thrs paper describes cmrss:on m the near-mfmred produced ina mrxture contammg atomrc hydrogen (or deutermm)
and moleculax oxygen- The bands observed are ascribed to the formatron of o, E"), of electronically and vﬂ:ratromlly

.-"T.he gas phase reactron between atomrc hydrogen

: f.'.,.and molecular oxygen has been the subject of many

.- investigations. Aftention has mamly been directed at
‘- the ate of drsappearance ‘of H, monitored, for .

- example, by’ resonance ﬂuorescence [1.2]y optrcal ab-
.’sorption [3] ‘or the chemilumiinescent réaction with
*'pitric oxide [4]: or at the emission spectrum of -

“hydroxyl produced in the system [5], the time-variant -

=~ concentrations of H, OH'and O bemg monitored by - -

=ESR {6} or, together with-HO,, by mass spectrometry

o [7] The redction is COm.monly supposed to produce

. the hydroperoxyl radrcal HOZ, whrch then reacts S

further wrth H atoms

55—’“* 0+ M~HO, M, f-; e '_c_o- a

H . H02 = H2 * 02 ) i,f. LU @y

' $grvations are made at short contact time; other. X+
‘j-penmental arrangements have generally riot-distin-

= guished between emission produced at. dlfferent reac- : -

. tion trmes It wﬂl be shown that this chemﬂurmnes-
.'",cence is most probably attn"butable to vrbratronally
“.and’electronically-excited HO, and t6.05(1Z;)...

' hase by UV absorption [8] IR absorptxon [9]

—>0H+OH (25\‘. -

“HO5 has been'détected spectroscopically in. the gas

', ]aser i

K exczted HOz, and perhaps 02( Ag) in the reactron system Possrhle excrmtron mechamsms are pxesented

:, magnetlc rﬂsonance [10] mass Spectrometry [7] and’ .
" IR emission [11, 12]. In the last case the HO, was ex-
.. cited: by near-resonant energy-transfer from 02(1A )

the grouno state H02 being an. intermediate product

““inanQ atom[olefnloz system. 02(123"') has been ob-
.- served by its emission at 762 nm-as a product of the.
. .energy poolmg reaction of 02(1A ) [13], and of the -
- . energy transfer process between O(!D) and 02, either -
-~ in the vacuum UV. photolysrs of 0y [14} orin the
. UV photolysrs of 03/0, mixtures [151.°

CA hydrcgen/argon mixture (about'1%. H2 1n Ar at f'

' f a total pressure of about 1.5 torr) was passed through
a 2450 MHz d.lscharoe into’a tube 36 mm in dxameter
i and: 80 cm long. Lummescence observations were . ,
* made in a:v7idened section 'of the flow’ tube, 56 mm in -
dla.mctcr A side’ arm. entered the- wzdened sectlon at - -
nght angles to the ﬂow and molecular oxygen could ,
~be added through it. Typically the partral pressure of

_ o 02 was 01 .5 torr. Flow velocities of' the orderof =
5 H20 + 0 v _:; | 1-,"~ e (2c) _— 1.6 ms™! were mamtameu by an. Edwards ES150
: : C - pump and pressures were measured bya capacrtance
, We have ‘obssrved’ chemﬂuxmnescence ofa type not- S
:_Tprevmusly repoited from the H+ 05 system, Qurob: = .~
', ~the side arm; the flow.tube was viewed by two -
SR chopper—m onochromator—detector assemblies - - .-
“‘mounted at right-angles to each other and to the drrec-'_
tion of the tlow: One detector was an EMI 9558 QB
S photomultrpher used for the visible to near mfrared
. region, and the other was an RCA 6904 germamum -
- photodiode used to cover,the 1.0=1.6 uni‘region. PM.
. pulses were_' processed usmg-a synch_ronous up/ down L

manometer (MKS Baratron 145 AH-10).-.
Immedrately downstream of the point. of entry of
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. Fxg 1 Spectrograms obtamed in the spectral regxon 1.00-

" 1.60 pm, (2) H in Ar added to O introduccd at the sidearm; -
_ (b) O, and Ar passed through a discharge and added to - _

ethylene introduced at the sxdearm, (©)Din Ax nddecl 003" :
e mtroduoed at ‘the s:dearm

: counte: and photod:ode sxgnals by a (Prmceton JB4) -

. pnase-sensntwe detector.

- Addition of Oy to flow of H atoms in argon ed
to emission both in the spectral region 1.20-~1.60 um ~
"'.(see fig.- Ia) and near 762.nm-(fig. 2). No'other spec- -~

¢ tral features were detected in the tanges 450-800 nm

“and 1.0-1.6 um;, 'Ihe IR emission consisted of a band
*/at'1.265 £0.01 um, and an nnperfectly resolved palr '
. ‘of bands at 1,430 £0.01 zan and 1.510.2 0.01 gm.

* These bands correspond to those observed by: Becker
“etal. [11; 12] in their O atom/oleﬁn/OZIOZ(IA ):

a j'system and, for compenson, fig. 1bisa spectrogram
. :obtamed in our. apparatus by addmg ethylene thzough'

*the sidearm to a flow of ¢ ©oxygen and argon which had -
. been passed. through a microwave discharge. - -
-."', "Mason'and Dixon. [16] ‘observed band heads at -

U 685 715,756 and 810 nm iri an apparently similar

't"_ X system a.nd ass1gned these transmons to an’ exc1ted
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Fig. 2. Specﬁogmms obtained in the spécti-al region 45 0— )
800 nm, (a) H in Ar added to Q3 introduced at the sidearm;

- (b) molecular oxygen passed through a dxscharge and then -
:'thmugh an Hgo .mg to temove 0 atoms. -

" state of H02 We d!d not observe these oands more-
s over the spectra pubhshed in ref. [16] show no evi-
‘dence of an emission at 762 nm.

We make the tentative, asszgnment that the 143 gm

' band is due to the HO, (24'(0,0,0) - 2A"(0,0,0))

transition and the 1.51 gm band to the HO,

" (2A"(2,0,0) = 2A"(0,0,0)) tignsition. The band at

L 1265% 0.01 um could be due either to 0, (14, u=0"
o '_->3E ,v=0)or'to HOz (24'(0,0,1) > 2A"(O g 0)) or
- to both The 762 nm line is likely to be the O, (1Zj,
- v=0-> 32
o ©>4) wbrat:onal transition of OH i in the electronic’
- ground state which would be mdxstmgutshable at our l

. 1ésolution,.

u—O) transition, but could also be the

Asa dmgnostxc test the experunent was repeated

'_‘"__';usmg Dj instead of Hy. Under these-circumstances, -
- the I.51 jm lme dxsappeared and the 1.265 pm and
1 43 ;.m lmes were unaffected an. lei 1s a spectrogmm




B :‘_'obtamed in’ me p/m/oz system These changcs are m

" decord with the observations of bothi Becker et al: [12]'»_}_‘ :

.- and Hunziker and Wendt.{9]; and are consistent with _

* . 'the assignments given above. The ©=4 trans:txon of Tr
: B d:agnostzc expenments are currently bemg conducted -

762 nm'was still observed in the D/Ar/02 system No E". - -

" other spectral features were observed .although several = ...
P other 8)8} and OD iransxhcns faﬂ w:thln the xegxons L

g 'OD occurs at 042 nn However, the. em:ssxon at

- we scanned. We:therefore conclude that. the 7 62 nm -
',_hne is. due to the presence of. 02 (12"') :
. The follomng elementary processes are amongst
those possxble in the system

He 02 ~HO3 St S e

o -*Hoz +02<1>: ) ) S (4:,);.;
H Hoz 200, "'_f‘? S (219)'?1t 5
| 'ZLOH‘ ! °2 > 02( 2+ o, : i e
202( Ag)‘*Og( E*')-t- 02 - Sl | 2 (6) L
‘:?f"":’Oz +ri02(2A' (0 0, 1))" Oz( A )+H02 - i (7)

’;",:HOZ sxgmf es some undeﬁned exmted state of HO
"~ HOJ signifies the emtttmg states (2A%, (0,0,1; 0,0, 0)

f=,-tromc ground state.’

Poss:ble exmtatmn mechamsms wl*ucn would ex-
N }p]am ‘the observations would be -
' (a) reactxons (3), (4a) (4b)

(e reactlons (3), (43), @, (6)
;‘-‘_»We exclude the process 'i

O£ 0,5 0,05 4 O, @)
Since the total exotherm:c:ty of (2b) can oni)’ Pdeucef,:. Con 'A-":"' e

o :'_'.;(m ] smgle OH) OH up to u 4 whlch hes below the
.excztatxon energy of 0,(127).. ' '

" The present data-are: msufﬁcxent to distmgulsh o
between these.or other excxtanon processes. Further
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