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John P. Doering and Bruce H. Mahan
Department of Chemistry and Levrence Radistion Leboratory,
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Abstract

The photostationﬁfy concentration of ions in gaseocus
nitric oxide has been measured using n Langmuir probe.
The ion concentration depernds on the sQﬁAre root of
the ion production rate, which indicates that ions and
eléctrons aisappeai predominately_by dissociative re-
coﬁbinatién.' In addition, the rate of decay of the elec-
tron concentration in the gas affer interruption of the
ionigzing radiation has been‘measured.’ The déta indicate
that the lon-electron dissociative.r§comb1nation rate
constant is no greater than 2 x 10'6_cm3/ion sec, and

may be as low as b x 107 | cm3/ion'§ec.‘



The photoionization of nitric oxide has been studied by Tanaka and |
Stesciel and by Zelikoff and Aschenbrand.” Tenska end Steacis vere primarily
i{nterested in using the ion current préduced by krypton photosena;tization as
a means of meesuring the Quenching Qroés-scction of various added gases for the
_ krypton excitation. Zelikoff end Aschebrand shoved that the epplication
of strong electric fields increased the rate of destruction of a photoionized
sample of nitric oxlde, preaumably through acceleration of the free clectrons
to ionizing energi«_s However, no attempt has yot been mad,e to examine the
detailed processes by which the ions and electAons disappear from the gas.
it seems very prbbable that the de-ionization of the gas is dominated by the

ion-electron diaeociative recombination reaction

o' + e >N+ 0 ()
The purpose of this work was to measure the rate constant for this reaction,
_which is a quantity of 1ntcrest in upper atiwspheric chemistry and in radiation
chemistry. Two quite different techniques vere employed. In the first method,
the rate of ionization, denoted by 4, vas corbined wvith the photoatationary
concentration of.ionsgn{ gs_measured vy a Langmuir probe to give a, the second
order rgtc congtapt Qf reaction ;)by_thg relatiqn»

o= q/'n2 | |
The second method involved a measurement of the rate‘of decay of the electron
concentration after the photoionization source vas 1nterrupted. These two

complementary methods'yield values of a which are in satisfactory agreement,

considering the uncertainty of the measurements.

1 7. Danaka and E.W.R., Steacie, Can. J. Chem., 3, 821(1957).

2 . Zelikoff and L. Aschembrand, J. Chem. Phys., 23, 67h (1956).



The vacuum ultraviolet light source’ for thesc experiments has been
previously deacribea,,3 ‘The krypton resonaz_xcé_ line at 1236 A. waskused as
the idnizing eriation. The reaction \;essel ves a p&mx tube 65 ma in
diameter which contained a probe and two parellel plate electrodes ‘surrounded
by guard rings‘. The probe consistéd of a tuthten wire 0.0025 cm in diameter
and was 1.0 cm long. It wﬁs supported nmldway vetween the parallel plates by
‘a large tungsten wire enclosed in a glass sheath. ;The parallel plates and
guard rings vere Y'Bdt_ of 'stainlesﬁ steél. The Mr electrod‘eo' proper were
2 cm in dlameter and were surrounded by smnular guard rings 1 cu vide. The
separation between the izara;lel plates was 2 cm. Light entered the cell from
the lamp through a lithium fluoride window 25 mm in diameter.

In order to determine the rate of production of ions, one of the parallel
plates and 1te guard ring wvas éroundsd. The other plate was connected to a
| 5attery to which potentiais up to 135 volts could be epplied. The second
guard ring was charged to a potential equal to that of its electrode by
means of a separate battéx;):r. | Current drawn from the vessel by the electrude
and bat‘cer"y vas measured with a Keithley 610A electrometer. A reduction in
the current to the electrodes by a factor of btwo was observed when the gusrd
rings were éonmcﬁed, indicating that they were fuaetioning properly. From
the known volume between the center electrodes from which a saturatlon vcu.rmnt
vas drawn, the rate of production of ions per cc per second could be calculated.

For the pi‘obe measurensnts, all the parallel plates and guard rings were
bcommcted togathe.r and groundad and a potential of up to 90 volis, of reversi-

ble polaxrity, was 'a.pphed between the probe and the electrodes. The cuxrrent

3 3B.H Mahan, J. Chem. Phys. 33,959(19¢0).
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drawvn vas again measured with the electrometer.

For the charge decay meaaurementa, the pm‘(’eé and guard rings vere egain
. connected together at ground potential and the probe vas mde 1 5 volts posi-
tive. The electron cumnt dravn by the probe retumd to ground thmush a
one m@ohm resistor, and the resulting voltage was obsenred as & function of
time on a Tektronix Type 555 oscilloscope with a Hodel H preamplifier. In order
to interrupt the ionizing rediation in a short ‘time compared»to the decay tims
of the ion concentration in the cell, a 6130 thy:*atr&n vas connected from i:.he
 magnetron high voltage supply to ground At zeTo bias , the thymtron did not
conduct and the m@etron opemted normlly However, when :Lnterruption of the
lamp was desired, the grid of the tbyratron vas made approximately )0 volts R
positive with respect to the cathode and the tmrmtron tired, d:mpping the
high voltage to zero in a very ahort time. Provision was made to trigger an
osc.iuoscope aweep from the firing of the thymtron. The'oﬁtpuf 'of'the lamp
was exaxm.md vith a photomultiplier and osci).loscope and it was found that
the intensity of the lamp dropped to ‘one-half its original value within 20
nicroseconds of the time of the firing of the thyratron.

The @ses used were handled in a conventional mercury-free vacuum system.
The tank nitric oxide vas purified by passing tln'ouah a trap at -78°C and
evacuation at _-19500. High purity nitro@en was used without further purifica~
tion as were hyd.rogen and helium. The impurity level in the nitrogen vago
found mass spec‘cromtrically to be leas than om part per million and the
.hydroe;en a.nd helium were pure ‘bo within one part in ten thouaand Preassures
in the vacuum system were maaured either by a them.ocoupla muge or mrcury
manomztaer. i‘he presaure of nitric oxide was kept lov enough in the reaction
vesgel that waiform 1oniza‘tion was insured, with at most two percent of the

initial radiation being sbsorbed.
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'RESULTS AND nxscms:on "

The current-volta.ge characteristic obtaimd using the pamllel plate
electrodes and a nitric oxide preasure of 0.05 mm 19 shom 1n Fig 1. As
the voltage increaaes it appears that a saturation region is encountered, in
whicﬁ the current is limited f»y the rate of ionization in the volume elements
between tﬁe electrodes. Actually, ‘true saturation 1is only encountered vhen
the mean free path of the ions approaches tte vessel dimension, which 1s not
the case in our measurements. dne ca.n.intérpret."c_.he current-voltage curves by
a theory developed by Thoméon.h Detailed treatment of our data shows the current
observed lat 90 voits is withj..n‘ 25 percent of a true saturation current. There-
| for.e‘, ve have uscd the value of the current at 90 volte to calculate q, the
nunber of iox‘x-ele}ctron pairs produced per second per cubic centimtef.' Higher
>a.pplied vﬁltages vere not used rin ordgr to avold clectron multiplication
proceeses.‘ - | | -

_ Many attempts were made to measure ;he ateady-sf.ate ion concentration by
use of the conventional Ll.msrm.lir5 probe and the floating double probe method
of Johnson and Malter.6 However, both these teclniiques depend on swrrounding
a negative probe with a well-defined sheath of positive 1onslwhich completely
neutralizes the charge on the electrode. Because of the relatively small rate
of ionizétion employed in our experiments a shedath of small, well defined
‘radius could not be obtained without seriously depleting the concenmtration of
ions in the bulk of the gas. Therefore vé mede use of another probe method,

also proposed by Langmuir, in which no sheath exists and the cwrrent to the

4 J.J. Thomson and G.P. Thompson, Conduction of Electricity Through Oases,
Cambrid@;e University Presss, 1920.
5

and H., Hott-8mith, Gen. Elect: Rev., g, L9, 538, 63.6 762(1924 ).

E.O. Johnson and L. Malter, Phys. Rev., 80, 58 (1950).
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probe elactrode 1s aemmima by the orbital motion of ions in the fleld
of the probe. This method is applioable only in situations Vhsm the mean
.fme path of ths ions is largs commd to tbe radiua of the pmbe, and
th;arefom masummnts xmmt be mde at relative]y lov ‘hotal xmezsasumwa 'l'hfa
mathematical analyeia of this pethod vas ﬁrat given by Mott-&nith and
vLan@mxir’{ as a special case of a more complicated general situation. Thorefore
.‘ we present here a shor‘cer derivation which expoaes the asswmptions more clsarly.
Consider a long cylindrieal probe para.llel to the z axis. Poeitive ions

having Just made a collision at a diste.nce of approximataly one mean froe
_ path my ham tm:jectoriea which carry them near or %o the probeo It is
asswnzd that at the star’c of the traje.ctory the ions have only kinetic enexrgy,

and that they are attmcted by the probe, Since the ﬁeld of the pm‘be is
cylindrically symmétric the initial velociﬁy component. pam.llel to the z axise
will be é; constant of the motion. Conservation of total energy and of angular
momentun then give _ |

| %m(i2+§r2+ éa) +ﬁ(rk) m.'/é
'bb(ga. - 22%u r 'x + "2)/2

vhere g is the m@itude of the initial velocity vector, U(r) is the potential
~energy of an ion of mas3 m at a perpendicular distance r from the wire; snd b
15 the 1mpact parameter, or aiming error in the x-y plane. Evalustion of these
expregsions af r = R, the probe radius, and eliminstion of all but the comtant»ﬁl

bm2 ;32 1- —-»-;‘2’5—?7-;2 R é' )

of motic_m gives

T 1. Langmir and H. Mott-Smith, Phys. Rev., 28, 727 (1926).
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és ths critieal’or_maximuﬁlimpact psramatar_vhich ¥1ll sllovw an ion . to
Teach the prove. The factor %m (° - £°) is Jui-. the.m_iual total kinatie
energy in the x-y plane If the space potential, as determined by the
large platm electrode, is taken’as zero then the potential energy of an |
ion at the probe surface is -eV, where V is the voltage difference between
the plate and the probe. Bincg the ﬁaasurementa are‘madg in such a way
that eV >> Y u(g® - 2%), ve can write |

b =R < %

-8 )/
The collislon cross#éection’of an_ion with the probve is Ebmﬁ,vvhere 4 18
the length of the wire probe. The total collision rate with the wire is
obtained by multiplying this quantity by the speed in the x-y plane and the
concentration of ions n, to give
I

2R 2 J—@EL-.T‘A (&@ - /?"n

| |m(a - & )(
.The fwo velocity factors’ caneel, and tn& current at the probe is given by

ie2 {—] R 3 33/2 n'&é:

m:&

Therefore a plot of 12 28 a function of probe potential should be linear, with
a slope vhich measures the ion concentration. It has been espumed that the
collision eross-section of electrons vith the probe is essentially zero due
to the‘@lsctrOBtatic.r@pmlaion;

Cur data were obtained at a total pressure of 0.05 mm, which should
correcpond. to @ mean free path of appfoximaﬁely-o.oa contimsters. This is
large compared with the probe radius which was 0.00125 centimsters. Iig. 2
shove that the predicted linsar deperdence of 12 onv io obgerved over most
of the voltags rangp At higher pressures notieenbl@ d@via%ioum from linsarity

oceur ag expected. In order for the slope to yield r@li&blm valueg of ths
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ion concentration, each collision of an iom with the probe must result in
charge neutralization. It seems probable that this is the case, since ions
which strike the probe but are not dischargéd will almost cértainly lose some
of their kinetic energy and then describe closed orbits abouilthe'pfobé. These
closed ofbiﬁs inevitably lead.to another collision with the probe, and a second
possibiiity of neutralization. .Anqther requirement is that thz pidbma potont1alr
e set by the large electrode so that the potential difference betveen the
large electrode and the probe measures the difference between the potential

- energies of an ion at the béginning and end of ité-&raﬁectory. As long as the
mean free path is large, and thelcurrent drawn'by ﬁhe probe is small, this
conditlion should be:satisfied, since no distﬁrbing local sﬁace charges are

' to be expected in such a sitgation. However, thefe is a noticeable curveture
in the probe characieristic as the.potentiél differahce between thé pPlate and
probe approaches zero.: This is probably caused'by preferential diffusion of“
. the electrogs to the walls of the vessel vﬁich results in4faiaing the plasma
potential with respect to.the_p:obe_e;gn when there 1s mo applied v&ltage..
When the probe is first made hggﬁtiVé yith respéct to ground the plasma becomes
less positive with respect to ground due to the fact that positive ions are
being lost to the probe.§ The effective change in the probe potential with
rg@pgct to the p;asga is thérefore lesé than the chenge in tbebapplied vol-

- tage, s§ the increaee in current for a given voltege change is small. As

the probe is made still more negative this effect will becoms progressively
less important aincg»thgvp;asma potentinl ettains a emall but.eeswmtially
constant v;lue_whichvis positive with réapecf,to grbund,- The voltage changs
in ths linear portion of the characteristis should then faithfully represent

& change in probe potentisl with respect to the plasma.
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In addition to ion-electron mco:xmination, iona ara lost by dirfusion
to the walls of the vessel and by eonduction to the pmbe. The lat@er effact
will be small 1f the current drawn to th.e probe is small compared with the
_ saturation current to the plates. Tbe currents used to obte.i.n the linear
portion of the probe characteristic were never more than one tanbh’*of the

saturation currents , 80 that the measuring current perturbed the ion concen-
tration only slightly. The question of dift‘usional loss was treated by .
‘Sayerae in connection with experiments on 1on~ion reeombins.tion. Diffusional
loss will make a ccntribution to an assumed second order ion—electron recom-~
‘ 'bination coefficicnt amounting to
o -3 p/md®
where D> 1p the @iffusion coefficient of fm'positivé‘ ion, n is its concen-
tration, and & is the minimwm vessel dimension. For the nitrosonium iaqn D
is approximately 0.05 cm / gec at Ié'.i‘P, 4 15 two cen’himters and in our ex-
‘perimenw the lon concentration was never ‘mach higher than 100 1on£a/pc, so the
- effective difmsione.l corraction to O ia_ at -least 2x 10 oc/ion sec, at the
lower preasb.res. It is scen that the suceess of the i)robe pethod at low
7 preamureé depends on having the highest possible ilon coneantration. Iﬁ must
not be assumed that the probe measurement will be valid only if the value of &
1s large, however. If ve make the substitution | |
o= (e/a)%%’ o
o =2 nof2 / 2
ve »aea.‘%.mﬁ the cémectiox; becomes less importeant as the true O becomes

amller, if ¢ is kept constant. Although it would appear that a1£usion

8 J. Sayers, Proc. Roy. Soc., A169, 83 {1938).

*
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aoew pot &cmirzw %he ch:zr‘“ lo@m, a tast of this aasm%ﬁoa ia m'ovi&.d _
by plom%” na o3 a f\metion ef g. X% 1oa-el.ectma com’oimtiaa wors tm
d.omim.nt mtbod of ch,a.r@e Lossz a @tmiwht lim should result, while 1f
difmmioml loas were monant deviation ﬁ:‘om linearity ‘should result. If
difi’\mioml loss were domtn,ant a plot of n as a function of Q shoum be
'- lipear. Fig. 3 shows tha.t na is a linear function of 9 in the region of high
ion concentration. Fig. 4 shows that a plot of nese mnc;\f.ion of ¢ is
1notj.oeably curved. The slope of the linear portion of Fig. 3 con be taken
as a measure of G, and thé‘i'esul,t ise a=1.82x ‘10;6 cc/ion sec. This mm:ber
' ahom be acecpted s an upper limit amea al.l’&h:a éossi’ble ‘ex_"m-rs which have
been mentioned tend to mke the measured value of @ too large. |

In oxder to further confirm t.he *:'alidity of the proba meaguremsnt of a,.
-axperimnts were carried out vhich vere d.esi@ed to magure the rate of de~
. erease of the ion concentmtion af*ter the lonizing rudiation was aminguisheﬁ.
. ‘Ehis vad @.eeon@lmh:ad by measuring the cumnt coll@e%ﬁ by a pom‘@im prove
‘a2 o function of the tim elapsed aftar interru'ption of the u&m. "Ehe PYObLG
gurrent should be proportional to the first pover 9f the electron concentration
1f the current drawn is 8o mmll as to avoid polarisatioa effects. Therefors,
if a fimed voltage is applied'.‘ Yo the probe, the second order iom-élgqtro’n
meombi@tiom coefficient can be dﬁzfived from a plot o\f the z_reciprocal of the
current as & function of time, if the pmportiomlity constant between curromt
and electrom concentration 1is known. H;tm:@ve:, thig proporticmality consizzm%'
mlvaa‘elﬂctmﬁ memtum and ia poorl.v de’ﬁ.md for @leetma in the emall "
- fielda e:gplord here, o0 amoﬁbsr relza%ioa bawe@n currentd @.@ﬂ. coneentmt.ion
vas used o &llcm the calculation of ab@olum valuas of C. ’&@ muctiviw
of @m @m in the photostationary @onﬁition provié.em “this ml:m&cmship. Iz

wa ezpress all ion concentrations as & fmction £ of th2 Irfivinl photostationary
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concentration no, we have
' 2
no o %/Ol
i/n - l/n - ot

l/f-l-(aa)/at

The value of £ is d.iractly caloulated from the deflection of the oacilloueopé
trace produced by the probé current. Pig. 5 szms.tha results of typical
' experiments done vith' nitric oxide in the é.bsence, and presence of added ni-.
trogen. At ﬁmssm’es ebove 0.1 mm difmsional loss ‘should be negligible in
the early stages of the deca.y, and 3¢ is seen that the r@action follows the
second order rate lmr for more than tvo half- liv-ea. Bavmuom from the
a@ccmd order kmetica are %o be ez@ected as the ion concentration decreases,
since the fraction of ions loat to the m2asuring cimuitry incréases as tims
increases. Moreower, diffusional loss should becoms more important in the
later stages of the reactiom. '.In experiments done with 0.05 mm of nitric
‘oxid,e alope 1in tmrcell it is cpparent that devia_.tiona from szcond order .
kinatica oécmr somewhat earlier than in @zmrmantm done at higher pressures.
However, it is poesible to comclude that even at the lower pressures diffu-
sional losé cioes not meke a major contribution 'e:hén the initial ion concentra-
tion ig greater than 5 x 20° ions/ec. This conclusion is consistent with the
results of the lov pressure probe measurements. |

The obcorved second order kinetics also show that the loss of ions %o
the meaguring circuitry aid Bot seriougly affect %&m decay rate, at least in
She iniw.al stages of the reaction. Eh_is is to be expected, sincs only five
percent of all the ioms present in the cell at the time of the iujwmzption
of tho light were lost to $he measuring eircultry im the first two half-lives.
It waz poesidls, hovever, to observe serious devinticns from second ordar

kinsties 4F the current drevn from the cell in the mzaouremsnt was inorcesed
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At total pressures sbove one millimeter it is: possible that attachment

" of eleetrons to nitric éxide and subse@uenﬁ‘ibn—ion roactions might Lecome

an important mecﬁanism’fbr charfse loss.i The“probe-iﬁasuremsnts, while having
novquantitative aignificénce in this pressure range, provided a way of éemoh- )
strating th#t free electrons are stlll the predoéinant:ndcntive species present
in the décay measurenents. .Due’ﬁo.the.difference in the mobilities of ppsitiva

ions and electrons, the current-voltage characterlstic of the probe immersed

in an ion-electrop gas is highly asymeebtric about zero applied voltage. This .

aoymsetry could be elinminated by adding molecular oxygen, which conve.ts the

electrons to negative ions. The asymnetry cxpected for an ion-electron gas

. persisted, however, in the mixtwes used in the d@cay'maasurements.‘ A further

irndication of the unimportezace of negative lons in our experiments can be ob-

A

rete 1s given DY

tained if 1t is assumed that the electiron attachﬁent coeZficient of nitric
oxide io no greater than that of oxyzen. The electron atiachment coéfficient
for oxygen has been reporied by Biondi9 to be 2 x 10-30 ccg/%ec. Therelfore

the ratio of the electron attachment rate to the ion-electron recombination

K (¥0){M){e)
@ {N0" ){e)

vhere k is the attachment coefficient, (M) is the concentration of inert gos,

and {e) is the eléctron concentration. In our experiments, the attachnent

rote is ore tenth the recombination rate at a total pressure of one millimeter,

if %he nitric oxide pressure is 0.05 millimeter, and « is teken as 10-6. Haturally

the later stages of the reaction attachment will become more importent. It

‘seems that while below one millimeter pressure the measured ¢ is relatively

unaffected by attachment processes; ab higher pressure this effect can becozs

\

9 M. Biondi, Symposium.on Chemical Reactions in the Lowver and Upper Atmosphare,
Sap Froncisco, Cslifornia, 1961. Proceedings to be publishzd.
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im;ortam. Tharefore tl:a root relicble piacureseuts oo thoza in 2o
prescure ranz3y fron 0.05 %o 1.5 milliz:st«ara. ‘ Thrc> data are contain:d in
Teble 8. Tiore 13 £o diacemﬁle 4trezd in the measured valus of & 4n this
prosoure ranse, elthougzh the i@&cinion of the data mhka detsction of oystom-
atic variation difficult. The imberent imprecision of this mathod 1a dw to
the electrical disturbances vhich macessarily occur vhen the photolysis lmm
16 extinquiched and moke it difficult to obtain & procise value of the initial
@sfloction of the oscilloscon? raca,

» The averege value of O as Getermined by the decay experimentsg 1s 3.2 X 19—7,
vhile tha probe method giveo 2 1.0-6 cc/ion sec. Fhs volud determinzd by the
probe method might be expocted to be hirh, since diffusional loss 1s ept to be
most importent in these lov pmasuré experircents. [urthormore, the probve
mathod is very sensitive to cmall errors in the iom ceacantration, since ths
square of this factor enters thz mlcumtion. Similarly tha concentration decay
' 'mthod is seriously affected by errors in the choica of the mitial steody slate
concantmtion. Considering these sources of ix:@recisioh, the egreersnt betuveen
the two mothods is all that can be expected. An ion-olectrom recombinztion
coefficient of cpproximately 3 2 104‘7 _ia consistent vith proviously reporied
valucs for ceveral molecular ses,lo erd comevhat less thon the recently |

raportcd@ values for the ioms produced by en electrical dischargs throush watey, 1

10

L.B. Loch, Resie Proccoces of C'waozm Blnctmmica,ﬂmiv. of C.}.lif‘omia Press,
Berteley, 1955, _

1 g mrsds and A.A. Dougal, J. Ayplied Phys., 31, k12 (1960).
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TABLE

I

Run 'NO Pressure
3 0.050
4 0.050
6 0.050
7. 0,050
8 0.050
9 0.120
10 0.120
11 0.120
12 0.020
13 0.020
1k 0.020
15 0.070

16 £ 0.070

17 - 0.070

18 0.055

19 0.055

20 0.055

21 0,055 -

22 0.060

23 0.060

ol 0.150

25 0.150

26 0.150

27 0.150

28 0.070

29 0.070

1.2 -
1.4
C.75
1.0
0.k42
0.50
0.25
0.50
S 0.32
0.15

12

q x 107

0.4

1.8
0.7
1.k
1.7
1.8
0.58
0.3k
1.3
1.k
C 6.6
3.8
2.4

8.6
7.9
6.3
1.7
L.s5
4.5
2.4
3.5
2.9
1.7
3.6
9.2
5.7
8.3
5.8
3.7
1.7
8.9
ik
13
~10.5

b
ER
12

=3,

 nx10

ax10°

1.6
2.2
1.9
1.7
2.1
2.5
L2
4.0
3.k
5.0
33
2.2
2.1
2.0
1.7
1.5
1.7
2.k
2.1
1.7
3.2
2.2
2.2
2.1
1.8
1.8

Pressures are given in millimeters; the units of q are ions/cc sec;
those of n are ions/cc, ard @ is im cc/ion sec.
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| TABLE II
" Determimation of a by the Dynamic Method °
Rug  Pressure - Pressure  Probe a(y/f)  qx10 axlo
- m 5O N, = Voltage ax
120 0.130. 4 3.0 1.6 x 105 3.2 8.0 -
121 0.130 - 1.5 - 1.2 3.2 4.5
122 0.130 - 6.0 (firet order) = - -
123 0.110 - 0.7 12 2.9 5.2
124 0.050 " 1.5 1.3 1.3 14,0
125 0.073 - 1.5 0.79 1.9 3.2
126 0.140 - 1.5 10 3.8 2.6
127 0.190 - 1.5 1.23 5.1 2.9
128 0.050 ] 1.5 1.15 1.33 9.8
129 0.210 . 1.5 1.43 bk 4.7
130 0.250 - 1.5 1.13 5.4 2.b
T133 0.050 1.3 1.5 0.8 1.06 5.
136 0.050 1.0 15 0.66 1.15 3.8
137  0.050 0.6 1. 0.5k 1.12 2.6
138 0.050 17 1.5 L 0.53 1.12 2.5
WL 0.050 1.1 1.5 057 1 3.4
2 0.050 - 0.8 1.5 0.50 1 2.3
® Pressures are‘given in millimeters; the units of the time derivative of

1/f are seconds=); q is given in ions/cc sec, and @ in cc/ion sec.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



