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o THE EFFECT OF OXYGEN, NITROGEN, AND WATER
‘ IN LOW-PRESSURE HYDROGEN DISCHARGES*

. Peter R. Ronyf and D. N. Hanson
‘ Lawrence Radiation Laboratory and
Department of Chemical Engineering
University of California

Berkeley, California

June 11, 1965

One of the most persistent observations associated'with the use of
lowenressure electrical discherges for producing atoms from diatomic mole-
cules has been that small quantities of impurities, such as water, greatly

_ 1 . ’ 2 - .
.increase the atom yield. Wood, Bichowsky and Copeland, and Lord Rayleigh

(R. J. Strutt)3 were among the first to study the effect of such impurltles-

in hydrogen, oxygen, and nitrogen- discharges, respectlvely Desp;te the
efforts of a number of investigatofs? however, there still anpears to be
no agreement'on‘the role of these gaseous impurlties in the Various molec-
ular-gas discharge eystems. The most recent papers tend only to confirm
.this viewpoint, as well as the fact that the entire problem is open for
>re1nveet1gation and clarification. #-9 To help resolve this situatlon,
studies were made of the role of oxygen, nitrogen, and water_in increasing.
the yield of etomio hydrogen.fron a lowfpressnre hydnogen diecherge.

The flow-tube system consiStedrof a mercury-plug flonmefer for

2, a constant- volume bulb for 02, NE’ or H2 s a'l50-cm 1ong 3 ~mm i.d.
Pyrex discharge and reaction tube, a Wrede-Harteck gauge; a thermocouple.'
prohe coneisting of an iron-constantan thermocouple soldered to a h;cm?
plece of 51lver foll, a McLeod gauge, &a diffusion pump for outgassing,
llqnid-nltrogen traps, and a large mechanlcal pump. TFlow rates werez/

about 0.08 cm./sec STP of H2 at a system pressure of 75 to 85 mtorr;
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A cyclotron-resonaot microwave discharge maintained by a 100-W 2.45-GHz
diathermy uoit and cavities Nos. 2A (but larger in diameter) and 5 de-
scribed by Fehsenfeld, Evenson, and Broidolo was used, in addition to a
56- to 5OQ-W 50 MHz electrodeless discharge;_to prodﬁce the atomic hydrogen.
The Wrede-Hafteck gauge constructed in the Laboratofy waéacapable of de-
-tocting 0.06% atoms at 75 mtorr. |
The cylinder hydrogen, whlch eventually was shown to be very pure
(99.99+%), was either used dlrectly, passed through a water bubbler, or
| additionally purified with a hot,silver-palladiumAallOy'thimﬁle.- OXygen
and nitrogen were usea directly from cylinders'without furthor purificatioh.
The results were: the addition of small amounts of oxygen to
pure hydrogen stoichiometrically increased the yield of atoms fﬁoﬁ.the
low-pressure 50-MHz discharge by & ratio of at least two atoms per mo}é—
oulé of oxygen. Molecular nitrogeo had a similar but smaller effect,
which started to saturate-at'low concentrations of nitrogen. On the
other hand, the addition of small ahountﬁ of water had no effect on the
yield of atoms from the low-pressure discharge. The Wrede-Harteck gauge
did not discriminate between atoms of hydrogen, oxygeﬁ, or-nithgen.
Since the observation concerning the effect of water conflicted
with numerous prévious results andvdiségréed with.the ourroﬁt practice
of bubbling hydrogen’through ﬁater to inoreasé atom &ields, if was
further tested in several different ways. HoweVer; the tests, ciﬁed o
Eelow; only confirm@a the original observation:
a. It was independent of the type of discharge used (mlcrowave or “
50 MHZ) and the location or power level of the discharge;
b. It was 1ndependent of the source of hydrogen gas (directly from

a cyllnder.or purifled with the 51lver;pallad1um thimble);
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c. It was independent of the source of water (distilled water added
" separately, distilled water inva water bubbler, or water formed
from the closed volume or flow conversion of an éxygen-hydrogen
reaction mixturg);
~d. It was independent of tﬁe atom—coﬁcentration measurement technique
(two Wrede-Harteck gauges or a thermocouple.probe);
e. It was independent of the initial surface properties of two dif-
ferent Pyrex reaction tubes and é quartz discharge tube;
f. The use of atomic nitrogen to clean the Pyrex walls had no
effect on the results; and
g. The effects of oxygen and water were independent and superimposable -
when both were simultaneously added to the hydrogen gas. -
These experiménts led to the unmistakable conclusion thaf water,
" at least in the apparatus and under the experimental cénditions cited |
’abové, did not influence‘the yield of atomic hydrogen: from the low-pres-
sure dischargeéf
The interesting queé§ioﬁ that now arises is:b éould this result
be correct and generally apPlicablé? A report (whiéh also describes the
above expefimenté,in more detail) discusses several aspects of previous
fesults on this phenomenon:ll |
a. ﬁhaw's resulfs partially confifm ﬁhe presen£ ones, evéh fhough
his percent-dissociation values seem too high;7
b.‘ The observation of high atom yilelds with hydrogen'containing
watef‘ddes not prove that the watef present is résPOﬁsible;
¢. The isothermal calorimeter may give,"meaéured" atom-concentra-
' tidﬁ values that are much higher than the éctual ones; and
a. Sinceithere are proﬁably several different_mechanismé.for pfo-

ducing ground-state or excited-state atoms, the intensity. of
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the’discharge célor or the Balmer’liﬁes cannot be used as a
reliable qualitative indication 6f fhe yield ofuatomic hydrpgen
from low-pféssure,diséharges.
Thué, the .above question cannot be settled frdﬁ a consideration of the
vpréﬁious literature alone, but instead must be answered by independent
investigations in (hopefully) the near future.

_If the results obtained in.these experiments with ﬁater are con-
firmed and shown to be génerally épplicébié, some.kinefic investigétiOns"
with atomic hydrogen may have to be re-examined. These'résultsbméy'also-

" have a bearing on current difficulties with the production of a continu-
ous H‘--C].E-HClJr chemical laser maintained by a hydrogen discharge and a

separate stream of chlorine gas.
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