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Abstract. The rate of reaction of ground state for the formation of water dimer by-evapo:tion
O*,-_ithH_ has been measured in the energy range, would lead to better agreement between the data
E,. 0.03-11 eV. The measurements show that the derived from the neutral mass spectrometer
rae coefficient does not decrease drastically measurements and those derived from ion mass

with increasing energy, contrary to previous work. spectra.
The rate constant measured here is then applied to
a simple model, which includes reactions of O Experimental and Results
with water dimers, to calculate water coacentra-
tion in the vicinity of the Space Shuttle. The The results reported here were obtained in a
results suggest that the pressure of water vapor triple cell Ion Cyclotron Resonance mass spectro-
may be lower than previously thou h with an9 & eter, whose operation has been described
upper limit of I x 109 moleculesr ' .?T- . 'reviously [Heninger et al.,1986; Mauclaire et- &- yr al., 1987]. In the present experiment the three

Introduction -cascaded, differentially-pumped. ICR cells are
used sequentially for the following purpose: 1.ion

The flight of the space shuttle and the "production; 2.0 selection; and 3.0* acceleration,
availability of composition data [Hunten and reaction and detection.
Calo,1985;Wulf and von Zahn, 1986; Grebowsky et Production of ground state 0* was made by 30
al., 1987a; Grebowsky et al., 1987b] has renewed eV electron impact on C02, known to give 0. (4S)
interest in the rates of ion-neutral reactions at with negligible kinetic energy [Murad, 19733.
high kinetic energies. The high orbital velocity These primary ions were selected by removing all
of the space shuttle (7.7± 0.2 km s- ) leads to unwanted ions using selective ejections at cyclo-

reactions between the ambient atmospheric ions tron frequencies in cells # 1 and # 2. The 0* ions
(principally 0 ) and the local gaseous constit- were drifted and then stored in cell # 3 for a
uents of the space shuttle at collision energies fixed 50 ms duration. At the beginning of this
of < 4.5 eV for 0' (depending on the neutral storage time, the 0* ions were given the desired
target and on the orientation of the space shuttle kinetic energy by excitation of their cyclotronwitah respect o the velocity vector), motion by a resonant radio-frequency field appliedUndhrestanding the voiiny vfclarge aperpendicularly to the magnetic field. This energyUnderstanding the origin of large amounts of is given by KE = q 2E2 t2/8M, where q and m are
H 0* ions in the bay of the space shuttle [Narcisi ispgive y Ke ma wher e n har ea .. 93]ha .ntben .trihtfowad respectively the charge and mass of the ion, while
relatng the intensity of 1 0' to the l ocal F and t the amplitude of the rf field and itsrelating - is not H2  an stim duration, respectively. t was kept fixed at 1
pressure of 0 is o easy, although an est a i i- second a tem udo hrflw
of H 0] = OA-2.4 x 109 cM

-C has been made | lisecono, and the amplitude of the rf ield was

[Caleaonia et al., 1987. The complicating adjusted to obtain the desired kinetic energies.

circumstances are: (I) the uncertainty in the The end of the accelerating pulse defines the

interaction energy for the reaction of 0* with origin of the reaction time, which, using an H 0

H 0; and (2) whether the measured 0' and H 0* pressure of 1x10-" torr, was varied from 4 to So
aundances can be derived from the mass spectro- ms, and was followed by detection of the ions.meter data since the velocities (and hence Because of the fast secondary reactions of H 0*

collection efficiency of' the mass spectrometer) of with H20. for each 0* kinetic energy reportea, the

c* and H O are likely to be quite different reaction rates were obtained from the decay of 0
2 as a function of time.

[Hunton and Calo, 1985, Grebowsky et al., 1987b]. Although the width of the energy distribution
A previous measurement of the cross section for is rather difficult to ascertain, the validity of
the reaction this experimental procedure has been tested using

HO* + H0 +0 (i) a reaction whose branching ratio is strongly
2 0 2 dependent on kinetic energy:

as a function of collision energy in a beam-target
experiment [Murad and Lai, 1986] lead to a ques-
tion as to the origin of H 0'in view of the large N* + 02 4 0* + N (2a)

amounts of accompanying H 3*. By comparison with N +0 (2b)

[H20 derived from ion abundances, results from
the neutral mass spectrometer [Wulf and von Zahn, Our measured k2a/k b varied with kinetic energy in
1986] suggest that [H 2] - 2 x 108 cm-3 . This a manner which agreed with the flow-drift tube
work was undertaken in order to remeasure the determination [Howorka et al., 1980].
cross section for reaction (1) as a function of The pressure of H O was measured with an
energy under conditions where the state of 0* is ionization gauge calitrated by the determination
much better controlled and the collision energy is of the rate of reaction of Kr' with H 0 at thermal
better determined. It was hoped that the new energy [Marx et al., 1983)]. The valiaity of this
measurement and the introduction of a mechanism proce.ure is supported by the agreement between

our thermal rate constant and previous deter-
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Figure I shows the results obtained here for

the cross section of reaction (1) as a function of
Paper number 89GL00107. energy in the range E = 0.035-11.5 eV. This
0094-8276/89/89GL-00107$03.00 cross section curve is different from that
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LCaledonia et al.,1987; Hastings et al., 1988].
0, + H, O+ Ho' Reactions (4) and (5) have not been suggested as a

source of HO in the shuttle environment previ-
ously, although Reaction (4) has been postulated a

300- source of H.0 in cometary atmospheres [Murad and
Bocheler. 1088. Reaction (3) is assumed to occur
at thermal energy at t terperaturf of - 273 K; ks

a- 00- was taken to be 2x10 °  cm molec" s"- [AnicIch
and Huntress. 1986).

As discussed in another study, the vaporiza-
0tion of water generates a significant quantity of

100- dimers [Murad and Bocheler, 1987]. Observations
* made on the shuttle indicate large amounts of

0 particles coincident with water dumps [Green et
........I . . .. al., 1987J, leading to the supposition that the

0.1 LO 10 particles are ice crystals. Moreover, measurements
COLUSION ENERGY. Em. eV of the surface temperature of the shuttle when it

is in darkness indicate it to vary between 278PK
and 2380K (Humphries and Coyle, 1983). From these

Figure I-Rate constant for reaction (1) as a facts we can assume that the gaseous water envi-
function of kinetic energy of 0*. ronment of the shuttle contains some dimers. since

fo these are generated in the equilibrium vaporiza-

tion of water; in this analysis we take the dimer
mole fraction to be 0.12. the fraction at 2500K

reported earlier [Murad and Lai, 1985]: At the (Murad and Bochaler, 1987]. The photoionization of
lowest energy (E_=0.2 eV) reported by Murad and the water dimer, reaction (4), will be unimportant
Lai, the ICR cross sections are nearly a factor of compared with either (3) or 5). since its esti-
3 higher than the beam experiment, while at E . mated rate, J4. is 6x10 +7 s- [Murad and Bochsler,
10 eV, the ICR data is about a factor of 2 hiher. 1987]. The dominant loss term for H 0* is diffu-
The reason for this discrepancy is not clear at sion. as indicated earlier (Caledonla et al.,
this time, although it is possible that both the 1987).
energy calibration (measuring the point of maximum Since k. has not been measured, we assume that
slope in the retarding potential curve for the k5/k, is equal to the ratio of the calculated rate
primary ions) and the cross section calibration constants using the parametric formula of Su and
(which was done by comparing the measured cross Chesnavich (1980):
section with that of N +D24 N2D'+D) may be

incorrect. In any case, we believe the present k - kL(O.33 7 1P+0. 62 ) (7)
results are more reliable, especially since now with
the rate constant does not vary much in going from
thermal energies to 11 eV, as given in Table 1. kL-2we(*/mr)4 and P-j&/(*kT)4 (8)

where kL is the Langevin rate coefficient, a and is
are the polarizability and the dipole moment of
the neutral and m the reactant reduced mass.

TABLE I Taking p(H 0) 1'84D, pi(HO).2.6D and *((H,0) 2 )
a(H 0) - 1.54x10' 6 cm , we calculate k,,.

Energy, ECM (eV) k," 3.06x0 " , k, - 2.9xi0 "9, and k, - 3.5xi01 9 cm
molec " s "-, leading to k/k s 1.14. At a

0.0327 2.5 230 collision energy of 4.5 eV, the center-of-mass
0.23 2.9 125 kinetic energy is 2.1 and 1.4 eV for reactions (1)
0.46 2.8 85.5 and (5). rpspectively. From our data we obtain
0.58 2.8 77.7 k s2.35x10" at E * 2.1 eV and 2.5x10- at ,E_
0.92 2.6 57.6 1.4 eV. Then at - 1.4 eV, k - 2.85x10"9 cm
1.46 2.5 42.8 molec"  -'., suggeIting that witi 12% dimer 14% of
1.84 2.4 37 the HO* may be due to reaction (5).
2.92 2.0 24.9 Following the above analysis we can now deduce
3.68 2.0 21.9 the steady state equations for [H20

] and [HO*]:
4.63 2.1 20.2
5.83 1.8 15.4
7.3 1.9 14.8 k,[OI[H20] - k[EH20]H 20]+(1/r 6 )(HO ]  (10)
9.2 2.6 17.7
11.6 2.2 13.5 and

Rate Constants in units of 10- cm3  k[H 2O][HO+J 4 [(H 0) ]+k [O][(HO)] =
molec " s'" a nd areaccurate to (11)
0.5 x 10-9 cmmolec"I s- '.

SCross sections are in units oft0-16Cm2 .  As discussed above, the second term in equation
(11), the photoionization of (HO), can be

ignored, and we take [(HO),] .1 [H 0).

Discussion Equations (10) and (11) can be rewritten:

These results can now be incorporated into a [0]/[H2O
*] = k,/k,+(/r,6 )/k[H20]  = 6 (10')

simple model: and

0+ *HO * HO" *0 (1) k[H O]*O012 k,[O0][HoO]I[H2O
"0_)0*O + H 0 + H.0 + OH (1)

HO20 + k +2 k 0- + OH (3) k,[2]01 kj- (/rH,0/[ 20 (1
(H O + hv - H0P + OH + e (4) =(I/.)[H3O0 ]/[H2O] (ill)

(H2 3 )2 + 0 r H3
8* + OH + 0 (5) Since k, f k1, we derive:

H2 0 4 Diffusion (6) [H20 ) (I/r 6 )/k,(6 - 1)
0. 7

H3 4 Diffusion (7) and

Reactions (1), (3), (6), and (7) have been 1rk,+0.126k,/k,(6-1 (1/w,)(H,0)/tH2O)
proposed and discussed in previous studies (11% I
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If we now make two reasonable assumptions, namely Heninger, M.. S. Fenistein, M. Durup-Ferguson. E.
k5 f k, and 76  * T we obtain E.Ferguson, R.Marx. and O.Mauclaire, Radiative

Lifetime for v-1 and v-2 Ground State NO* Ions

[H3O*]/[H20 ] = (1 + 0.128)/(6-1) Chem. Phys. Lett.. 13. 439, 1986
Howorka. F., I. Dotan. F. C. Fehsenfeld and D.L.

Comparing this expression with the ion current Albritton, Kinetic Energy Dependence of the
ratio of 0.1-0.4 reported by Narcisi et al. Branching Ratios of the Reaction of N* with
[1984], we find the limiting condition 6 : 5 02. J. Chem. Phys., 73, 758. 1980.
corresponding to [HO*]/(HO*] < 0.4. There is no Humphries, W. R. and M.J. Coyle.Thermal Design and
upper limit for 6 ince [ ?O*]/[H 2O* ) 0.12. Analysis in the Orbiter Bay. in AIA4 Shuttle

The limit 6 ! 5 gives an upper limit for Environment and Operations Meeting, 31 Oct-2
[HO], depending on k and r With r = 0.1 s Nov. 1983, Washington DC. AIAA CP838, Paper
an k = 2.5x10 "9 mol cm"3 s we obtain [H20] < No. 83-2581. P. 17, 1983.
1x1O9 mol cm-3 (- 3x10- torr) which is somewhat unton, D.M., and J. M. Calc, Low Energy Ions in
lower than the values calculated by Caledonia et the Shuttle Environment: Evidence for Strong
al. [1987]: [H20]=0.6-2.4x10

9 mol cm-3 . It is. Ambient Contaminant Interaction.Planet. Space
however, consistent with the values calculated by Sci., 3, 945, 1985.
Wulf and von Zahn [1986] from neutral mass spec- Marx, R., G. Mauclaire and R. Derai. Energy
trometer measurements ([HO 1 = 2 x 108 cm-3 under Partitioning in Charge Transfer Reactions at
quiescent conditions and 602 cm-3 during RCS Thermal EnergiesInt. J. Mass Spectrom. Ion
firings). The lower value of [H20] calculated in Phys., 47, 155, 1983.
this work is due both to the new value of kI and Mauclaire, b., M. Heninger, S. Feinstein, J.
due to the inclusion of reaction (5), the reaction Wronka. and R.Marx, Radiative Relaxation of
between 0 and water dimers. Of course, since Vibrationally Excited Ions, Int. J. Mass
water concentration is inversely proportional to Spectro. Ion Proc., 80, 99 1987.
the ion drift times, r, and r_, shorter drift Murad, E., Implications of Mass Spectrometric
times would lead to higher waler pressures. Measurements on the Space Shuttle, Planet.

We conclude from this study that the partial Space Sci.. 33, 421, 1985.
pressure of water is likely lower than previously Murad, E.. and S. T. F. Lai, Some Charge Exchange
thought, suggesting that the Space Shuttle envi- Reactions Involving H20, Chem. Phys. Lett.,
ronment is more benign for optical measurements 33, 427, 1986.
than previously thought. MuradE., and P. Bochsler, Speculations About the

Origin of H30 Seen in Cometary Mass Spectra,
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