Yield determination of OH ( v=0,1) radicals produced by the electron-ion
recombination of protonated molecules
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A flowing afterglow apparatus in conjunction with laser induced fluorescéri€g diagnostics has
been used to determine the yields of Q®I1, v»=0,1) produced by the dissociative recombination
(DR) of HCO, , HN,O", HCO" ions with electrons at 300 K. The yield fer=0 radicals was
determined relative to the known OH vyield from the recombination gOH ions while the
production of vibrationally excited OH in=1 was obtained relative to that ir=0 by comparing
LIF spectra. ©1997 American Institute of Physids50021-960807)04231-1

I. INTRODUCTION It must be noted here that in the most stable forms of

these ions, the H atom is bonded to an oxygen atom in

When Adamet all and Herdet al? made the first mea- HN,O" and HCG but to C in HCO'. There are no theo-
surements of OH vyields from the recombination of Proto- o tica predictions for the products of H®* and HCQ

+
nated molecules such ag®", HN,O", and HCQ , they  ocombination although following Bat@ssuggestion one

found a considerable amo_unt of vibrational excitation in thecould argue that channeldf) and (2b) should be favored,
OH product. In the preceding paper, we presented our flo

. P ) Wivhile for HCO' ions extensiveab initio calculations of
ing afterglow mgasgrementiqf QKFI1, v=0,) yields  raemer and HaSisuggest that H- CO should be the domi-
from the recombination of §D* ions® and the results con- nant channel.

firmed Herdet al’s work. However, when we extended these

studies to HNO"™ and HCQ ions we found significantly Il. EXPERIMENT

lower yields of vibrationally excited OH. The results given ) )
here are based on a more thorough analysis of the kinetics of The flowing afterglow apparatus and associated methods

the recombining plasma and should be more reliable. were egssen_tially identical to those described4in trﬁ preceding
The energetically allowed channlfor recombination ~ article” Typically, a large amount of i(~10'“ cm™%) was
of HN,O" and HCJ ions are: used to convert the primary Arions to H; , z_ind reagent
gases CQ N,O, CO and HO at concentrations of 1 to
HN,O" +e—O0H+N,+10.42 eV (18  10%x10'2 cm ® were added to form the desired protonated
species by proton transfer fromyH
—OH+N+N+0.66 eV (1b) In addition to OH in the electronic ground state, excited
—O+H+N,+6.03 eV (10) C_)H(A22+) can also be_ produced by the reco_mb_ination reac-
tions (1a) and(2a). For instance, OKA— X) emissions were
—NO+NH+6.04 eV (1d) observed in recombining H}O™ and HCQ plasma$ and
produced a constant background signal that had to be sub-
—NO+N+H+2.77 eV (1€  tracted from the LIF measurements. With the exception of
this higher emission background, the LIF observations of the
—NO+H+7.7eV (19 OH products were very similar to those made in the case of
and H3O+.
. Since we had previously determined the yield of OH
HCO, +e—~0OH+CO+6.86 eV (28 1 =0) from the recombination of D ions (0.48 + 0.07),
this reaction was used as a reference source fo(w@).
—COH+7.92 eV (2b) The procedure was to first record the LIF signal arising from
. O+H+CO+2.47 eV (2¢0  theion under study, then to switch the reagent j®Hnd to
record the LIF signal due to4@* recombination under oth-
—0,+CH—-0.044 eV (2d) erwise unchanged conditions. The mass spectrometer was
. . ) . used to verify that no traces of the previously used reagent
with channel(2d) being slightly endothermic. For HCO were left.
ions there are only two accessible chanrfels: The numerical mod&lused to analyze the data differed
HCO'+e—-0OH+C+0.75 eV (3a  only in the choice of input parameters from that described
previously: these include ion-molecule reaction rate coeffi-
—CO+H+7.45eV. (3b) cients and diffusion coefficients. In the course of this work,
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60102 [T T T H '_2'0'10'14' - 80 TABLE |. Comparison between the OH yields obtained in this work and
i (H=2. cem those of Herdet al. (HN,O" and HCO' ions and Adamset al. (HCO;
[ reagent O [N,O]=1.0 102 em™ ] ions).
5010° Finet v [N,0]=2.3 1013cm-3 170
F Vv [N,OJ=3.6 10'3cm? 1 ion forw=0) forw=1)
o100 | 60 Herdet al. Herd et al?
‘ L 1 = This work ~ Adamset al.  This work  Adamset al?
& 50 &
E i @ HN,O" 0.18+0.03  0.14:0.02  0.05:0.01 0.17-0.03
s 3010° w0 5 HCO; 0.09+0.02 0.120.03  0.03-0.01 0.17-0.03
18 ] s HCO" <0.02 - - -
= r [1]
S 2010 [ 0 =
. r | g The results of Herat al. and Adamset al. refer tof oy, =0 -
20
10100 [ 1 . . . .
- 110 numerical model. In the data analysis the previously derived
: } ] H,O" yield of 0.48+0.07 was used and the yield of OH
I T N T 0 from the recombination of the target igiCO; , HCO" or
distance (cm) HN,O™) was varied until a best fit to experimental observa-

tions was achieved. The quoted uncertainties are standard
FIG. 1. OHv =0) LIF data(fluorescence photon counts per 100 laser shots deviations from the mean value. The yields listed in Table |

obtained for NO/H, reagent gases. The solid lines are model generated OH . .
distributions(using a yield of 0.18 for the Oh(=0) production from the are based on three different data sets of about 40 points each

recombination of HYO* iong) and the three data sets have been normalizedfOr HCO, and HN,O™ ions. For HCO ions only one ex-

to the model predictions by a common factor. periment was carried out in which only a minute amount of
OH(v =0) was observedabout 2 counts per 50 laser shots
o i above background

we r+emeasuied the tOtfl_ recombination coefficterfts The yield of OHv =1) was determined relative to that of
HCO, , HCO™ and HO |ons_.7'l'h?ngme§1fured valuest e yibrationally relaxed OH by comparing OH LIF spectra
X107%, 1.9x10 " and 4.5¢10°" cm s°°, respectively  ecorded for the same lines of ti6@,0) and (1,1) bands for
agree rather well with earlier work and have been publishegy,q OHX2IT—AZ23,*) transition. The spectral features were

elsewheré. identical to those obtained from,®* recombination, but
the(1,1) bands from HCCZ‘S and HN,O" recombination were
ll. RESULTS much weaker under all conditions. The yields of QH;1

As discussed earlier, the @KPII, v=0 — A23*, (average of four experiments for each jaare included in
v =0) LIF signal was recorded for different reagent gas con-Table I. The uncertainties include the propagated errors from
centrations for both the reference®" and for the ion spe- @l numbers involved in the calculations.
cies under study. Typical data sets for HC@nd HN,O"
ions are shown in Figs. 1 and 2, together with fits using the@V. DISCUSSION

Our experimental technique was tested previously by de-
termining the OHv =0,1) yield from the recombination of
H;O" ions. In that case, our results confirmed those obtained
by Herd et al? and Adamset al,! an indication that both
methods of obtaining and analyzing the data are valid. Using
the same technique we derived yields for @H0,1) pro-
duced by the recombination of HGQ HCO* and HN,O"
ions. As can be seen in Table | there is good agreement only
between the OK =0) yields from HN,O" but our OH
(v=0) yield from HCG; is smaller by nearly a factor of 2
than the earlier result. Our measured @H 1) yields are far
smaller (by factors of 3—% than the earlier data for Okb
10 =1). This might simply indicate that the earlier QH=1)
yields include a large contribution from=2 but we do not
believe that this interpretation is valid. Rather, we suggest
0 5 10 15 20 that the methods used by Heed al? and by Adamset al!

distance (cm) may have been subject to some complications. Those authors
made use of the known property of @QH>0) to vibra-
FIG. 2. OHv=0) LIF data(fluorescence photon counts per 100 laser ghots tionally relax in collisions with NO. Thus, they added NO

obtained for CQ/H, reagent gases. The solid lines are model generated O . .
distributions(using a yield of 0.08 for the Ot =0) production from the I—HownStream of the main reagent inlet but upstream of the

recombination of HCQ ions) and the two data sets have been normalized toLIF pOI’.t and Obseryed an increase of the ©HO) LIF sig-
the model predictions by a common factor. nal which was attributed to the quenching of @k 1) to
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350 T T T T T T T T T T f=0.18+0.02

for OH(v>0) produced from the recombination of H&"

300 - —
’/’.\—c and HCQ ions respectively. However, the mass spectrom-

v\v eter indicated in both cases that addition of NO converted the

‘_é” | terminal ion(either HN,O" or HCO;) into NO' ions. This
;‘«7_» ] suggested that the method of deducing(@H0) concentra-
o ] tions by adding NO may have an undesired side-effect. In the
0 | studies of HNO" ions (i.e. [NNOH]") the data indicated
:.03: '/'\v | that the reactich
O HN,O"+NO—NO"+OH +N,+1.15 eV 4

occurs and leads to production of N@nd OH. It is possible
that this reaction followed by vibrational relaxation accounts
N for most of the observed increase in @H0) rather than
1.0 1.5 20 25 3.0 solely the quenching of Otd > 0).

[NOJ (x10™ cm) For HCQ} ions the corresponding reactfbn

FIG. 3. Variation of the Okt =0) LIF signal (fluorescence photon counts + + _
per 100 laser shotswith the NO concentration added in the afterglow for HCO; +NO—NO"+OH+CO~-2.40 eV ®)

HN,O" ions. The four data sets refer to observations at different distanceisS strongly endothermic but a two-step process Consisting of
from the reagent inletfilled circles: 5 cm, open triangles: 7 cm, filled . . .
the slightly endothermic reaction

triangles: 12 cm, open squares:15)cm
HCO; +NO—HNO" +C0,—(0.065-0.02 eV

the ground state. A comparison of the LIF signals with and (Ref. 9 (6)
without NO addition provided the yield for Q= 1). They
assumed that the NO addition led only to the quenching o
the vibrationally excited OH without changing the ion chem- HNOT+NO—NOT+HNO+0.94 eV (7
istry of the system in any way.

To clarify the situation, we repeated their experimental
procedure of adding NO for the derivation of the @&0) HNO+NO—OH+N,0+0.71 eV (8)

yields and to our surprise we observed a large increase in the .
OH(v=0) LIF signal for both HNO* and HCQ ions (see probably produces the observed OH. The ion-molecule reac-
Figs. 3 and #which would result in a yield of tions involved in this scheme were studied in two separate

experiments using the flow tube and a selected-ion drift tube.
f=0.22£0.04 In the drift-tube experiment the intermediate HN@roduct
and of reaction(6) was clearly observed. Rate coefficients for
reactions(4) and (6) were measured in both the flowing af-
terglow and in the drift apparatus using well-established
200 . T T . ' . . methods. Briefly, in the flowing afterglow the mass spec-
F % trometer was used to monitor the decay of the ion signal
i ] (HN,O" or HCO;) as a function of the reagent gadO)
concentration. In the drift tube experiment a known concen-
tration of NO was added and the ion decay signal was re-
corded as a function of the residence tith&he agreement
between the results obtained with the two methods was good
i and a rate coefficient of 6:010 1! cm®/s was found for the
reaction of HNO* ions with NO. For the reaction of
1 HCO; ions with NO a rate coefficient of 2:010™* cm/s
was measured. The measured rate coefficients should be ac-
curate to about 30%.
Another possible source for the excess OH observed by
the addition of NO is provided by reactiorigd) and (2d).
. . . . NH (Ref. 12 and CH(Ref. 13 are known to react with NO
10 15 20 to produce OH

[NO] (x1014 cm-3)
NH+NO—OH +N,+4.38 eV (yield 0.23 9)
FIG. 4. Variation of the Olb =0) LIF signal (fluorescence photon counts

per 100 laser shotswith the NO concentration added in the afterglow for and

HCO; ions. (filled circles: 5 cm, open triangles: 7 cm, filled triangles: 12
cm, open squares: 15 ¢m CH+NO—OH+CN+2.23 eV. (10

;ollowed by

|can produce NO ions. Further reaction of HNO with NO

]
1

150

100

+4-

OH(v=0) LIF signal
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NH emissions have been observed in a AN after- lute yields for the production of O@=0,1) from the
glow by Foley et al’ but the small yield in reactiorf9) electron-ion dissociative recombination of HCOHN,O",
makes it a minor contribution. We tried to detect the CHand HCO' ions. The previously determined @+=0) yield
product of HCQ recombination using LIF but we could for the recombination of kD" ions has been used as refer-
detect only traces of it. Thus, reacti¢t0) has no effect and ence. For Okb =0) the results are, in part, in good agree-
channel (2d) can be disregarded. The structure of thement with those obtained previously by Heztal. and Ad-
HCO, ion is [HOCO]* which requires a major rearrange- amset al,, but for OHv =1) our yields are much lower than
ment of the atoms in the intermediate complex for the for-theirs for OH(v >0). We suggest that the methods used by
mation of CH. those authors for the determination of @& 0) yields may

We conclude that part of the Otd =0) observed in the include contributions from extraneous reactions that were not
present experiment when NO was added resulted from thaccounted for, but the situation is far from clear.
side-reactions described above. We, therefore, prefer our di-
rect measurements of the @QH=1) yield. It is of interest to
consider whether the earlier measurements of Adath@l. ACKNOWLEDGMENTS
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