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COMPARISON OF THE MODELING SWJOJTIONS WITH THE HYDROGEN 
DISCHARGE DATA 

J. R. H1SKES 
UNIVERSITY OF CALIFORNIA 

INTRODUCTION 

With the availability of experimental values for H2 vibrational population 
distributions1 up to v=8 and measured distributions up to v=5 with simultaneous 
measurements of the H~ concentration,2 it has become possible to test some features of the 
full-spectrum model of H - generation.3 Previous modelling comparisons4 with the data of 
Ref. 1 had served to clarify the role of wall relaxation processes as they determine the 
vibrational distribution, and comparisons with the data of Ref. 2 had elucidated the role of 
the e-V, E-V, and S-V processes.5-6 

The application of the code developed by Gorse et al. 7 ' 8 to these discharges by the 
groups at both Bari 9 ' 1 0 and at the Ecole Polytechnique has extended the vibrational 
distribution calculation to include also the H - concentration. Comparing with the H~ 
concentration of Ref. 2, the Ban group' finds an approximately twenty-five per cent larger 
H~ concentration; the Ecole group1' approximately twenty-five per cent less concentration. 

Comparing the vibrational population calculated by these two groups at the higher 
levels, where the onset of H~ production occurs, one finds populations for the u=5 level 
that are a factor of eight to ten larger than the experimental values. Since these workers 
have omitted the role of the H3 + ions known to be present in the discharge, the inclusion of 
the appropriate S- V process should increase the population discrepancies another factor o f 

two or three. In all cases where they can be compared, the higher t> populations generated 
by the Bari code employed by these two groups exceeds those calculated in Ref. 6 by a 
similar large factor. 

This excess population poses something of a dilemma: Since the Bari code 9 ' 1 0- 1 ' 
simultaneously reproduces the observed H~ concentration but overestimates the vibrational 
population by a large factor, the standard model of vibrational excitation followed by 
dissociative attachment is open to question. If measured rather than calculated distributions 
were used in the H" calculation, the calculated H" concentration would presumably be an 
order-of-magnitude smaller than the observed value. The measured population 
distributions taken against the background of the modelling solutions would seem to imply 
alternate sources of H - production other than dissociative attachment. 

To examine this problem, we have generated new modelling solutions for 
comparison with the data of Eenshuistra et al.2 Employing modern values for cross 
sections and rates12,13 and calculating both the vibrational distributions and the H~ 
concentrations, we have compared and contrasted these solutions with those of Refs. 9-11. 

THE VIBRATIONAL DISTRIBUTIONS 
In this section are presented vibrational distributions through v=5 for the 

Eenshuistra et al.2 discharge parameters given in Table II of their paper, corresponding to a 
discharge current of 30A and an electron temperature of 1.4 eV. The reference densities are 
also listed in the Table n. The e-V rates used here are those listed in Ref. 5 and used in our 
previous analysis^ of this discharge. Capitelli et al. 1 0 and Gorse et al.5 have considered 
differing values for the e-V excitation matrix and have used these different matrices as a 
sensitivity check on the vibrational distributions. Generally, their matrix elements are 
smaller than the values listed in Ref. 5, by factors of 1.5 to seven. Capitelli 
et al , 1 0 also consider minimizing the e-V rates as further a sensitivity check. These 
minimal matrix elements are a factor two to thirty times smaller than those of Ref. 5. These 
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workers have fit their solutions to the experimental distributions of Ref. 1 using these 
minimal values. The values employed previously and used again here have been 
reexamined, but remain consistent with the available body of experimental and theoretical 
data. 1 4 ' 1 7 

Our presentation here will display the sensitivity of the modelling solutions to the 
four-density parameters: Thermal-electron density, n; fast electron density, nf (electrons 
with energies above 5 eV and extending above 100 eV); atom density, na; and the S-V 
process given as a percentage of the impinging positive ion component in the discharge that 
generates H2 Co). For example, if the species mix corresponds to 50% H3+ and half of 
these impinging on the wall generate H2 fo), then the percentage is taken as 25%. The 
specific H2 (u) distribution generated in the wall impact is given in Ref. 18. 

Eenshuistra specifies an uncertainty in nf up to a factor of two. The atom density is 
given as an upper limit. A similar data set given in Ref. 19 shows an atom density about 
one-quarter that of Table II, Ref. 2. This latter value, 1X1013 atoms enr 3 is taken as a 
lower limit. The thermal electron density and the molecular density uncertainties are 
unspecified. The similar discharge described in Ref. 1, also using a probe-based density 
measurement, has a thermal density uncertain by almost a factor of two, an upper limit to 
the range that we shall adopt here. To minimize uncertainties in the H2 densities, we plot 
here the H^ (M/H2 Co) ratios. A relative error of 2Q% at u=5 has been, specified in Ref. 2. 

In Fig. 1 is plotted the experimental and calculated values for the population ratios 
assuming no H3+ contribution. The lower and upper range of the distributions are 
calculated for one-half and twice the reference electron densities, respectively. Inspection 
of the figure shows that all calculated distributions fall below the experimental ratios for 
u=l,2. In Ref. 6 we had attributed this discrepancy as possibly due to atom-surface 
recombination to form H2 Co=l,2).2u'21 Only a small fraction of the atoms present in the 
discharge need have the proper energy distribution to account for the observed discrepancy 
at u=l,2. But since the A-V process is not yet fully quantified, this term is not included in 
the current set of coupled rate equations. Attention here is directed mainly toward the upper 
levels that contribute to the H~ generation. It is evident from Fig. 1 that as the electron 
densities are varied within the prescribed range, the modelling solutions sweep through and 
reproduce the experimental values. 

In Figs. 2, 3,4 are shown comparisons for inclusion of the H3 + contributions, 
with the S-V percentage at 25% and 50%, and the atom density equal to 1/4 or of full 
reference value. As in Fig. 1, these solutions span the experimental distributions. Notice 
that for mis range of atomic density values, other quantities held fixed, these vibrational 
distribution solutions are insensitive to the atomic density. 

NEGATIVE ION CONCENTRATIONS 

The total negative ion concentrations appropriate to each of the aforementioned 
solutions have been generated using the dissociative attachment rates published by 
Wadehra.22 These total concentrations are the sum over all contributions generated by each 
of the fourteen excited vibrational levels. To illustrate, in Fig. 5 is plotted the calculated 
vibrational distribution across the entire vibrational spectrum for the density parameters 
shown on the figure. In this case the calculated H" density is about two-thirds the observed 
value, 1.75 X 10 1 0 ions cm"3. 

Also shown on this figure is the fractional H~ contribution to the total H~ density 
generated by each of the vibrational levels. This distribution shows a broad maximum 
about u=8. The fractional contribution from levels 1 —»5 is a relatively small fraction of the 
total, no more than 14%. This small fraction emphasizes the limitations on fully explicating 
the H" concentration while working with a measured portion of the vibrational distribution 
that is only a fraction of the principal portion of the total distribution. 
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In the final figure, we show the total H~ densities calculated for a variety of density 
combinations, including those densities used ii, generating the earlier figures. The 
experimental value is 1.75 X 10'0 H" ions cm"3. On ihe figure is shown the calculated 
total negative-ion densities for different multiples of the reference densities, n, nf, na, and 
the S-V percentage, values selected within the aforementioned uncertainty range. The 
calculated densities span the experimental value, but we do not find a coudi.ion forprervr.e 
correlation in both the vibrational distributions and the negative-ton density. Further, 
inspection of the figure shows that unlike the TJ=1—5 vibrational distributions: the H 
density is found to be quite sensitive to the atom concentra.ion. 

Eenshuistra et al.2 have not specified an experimental uncertainty for the total H" 
density. The total density, however, is not dissimilar to the value for the fast-electron 
density, for which these authors have specified an uncertainty of a factor of two. Also, the 
relative H" yields originating from the different excited vibrational levels, as shown in Fig. 
6, further preclude a precise comparison of vibrational population and H~ concentration. If 
we adopt, somewhat tentatively, an uncertainty of a factoi of two in the K"concentration, 
the solution 1,1, 1/4,25, shown on 'he figure is a density configuration that provides for a 
precise fit to the vibrational distribution shown in Fig 2, and falls wit! in the range of 
acceptable total H~ concentration. Other solutions from the figure allow for less precise but 
approximate correlations. Within the range of the quoted density uncertainties, these 
modelling solutions presented here serve to identify the experimentally observed H" 
densities with the mechanism of vibrational excitation followed by dissociative attachment. 

CONCLUSIONS 

The modeling solutions presented here span the range of experimentally observed 
vibrational ('••'tributions and H~ concentrations within a plausible range of uncertainties for 
the hydro£ ' ;harge densities. These solutions are consistent with H~ concentrations 
generated \, -ipally by the dissociative attachment process. The apparent dilemma of 
excess vibrauonai papulation as observed in the Bari and Ecole simulations, an excess 
poj alation that would seem to preclude the dissociative attachment mechanism, is not 
encountered here. 
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