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I. Introcduction

Since the turn of the last centry, investization of
nolecular snectra has becone more and more im»nortent. For

Fa

from it, one can understond nore 2bout the structure of the
molecules, electron éistrivution, nature of the bindinz of
the molecules, etc.

A nert of the above nrovlen ls trne developnent of
1i-ht sources wilch rive controlled excitation end emit rod-

ietion suitevle for hi h resclutisn worik,

Amonz the ceverzl 1i-ht sources devised wihlch e

i3

e
useful in the field of i h resolution snectroscony end can-

able of controlled excitation, the nollow cathode discharce

5

tube 1s the simnlest in desi n and most efficient in onerat-
ion.

B )

Tae najority of hollow catlocde sources are desisned

to exicite the solid neterials w itn wilce:n the cotiode is inm-
nre;nated, A veriation in desi_n 1is introduced here, such
that a pernanent sas can be excited. A rather intensive study
of the molecular radiations emltted by the source was made
with enall curntities of NO (nitric oxide) admitted to the

systen.



II. =ollow Cathode Source

A, Introductory

Thie holiow catiiode source 1s egsentlally a nodified
Geissler tube — a source in wihlicnh &n electrical dischore 1s
mainteined in a gas et low orescure. It 1s eimnle in desi'n
end easy to overcte. It wes first develoned by Paschen.
He found thet if tie cethode was made hollow, as the discharge
pressure vas reduced, the nezative glow retreated into the
cathode cavity. Vhen a pressure csuch tuat the mean free nath
of the electron is ancroximately the same es the diameter of
the hollow cathiode weas attained, the nective g low Decene

.,

nost intense. However, due to tne h temperature, the Don-

Lrq

° of the snpectral lines became very serious.

pler boardeningz’
Schuler4 recesli ned tne tube by renovins the cathodfe to the
exterior where drastlc cooling could be emdloyed., As a result,
this defect is almost comletely elininated. Hence, fronm this

1

source, sharn and intense sneciral lines can be ovtained.

B. llechanism of the Discharge

In the hollow catnode source, an inert 535,5 such &s
helium, argon, ete., is posced turnuch tie tude &t a reduced
pressure. wien & notentiel is on»nlied vetween tiie cnocde ond
cathocde, a tynical :cceous disciuarge tolkes »nlace. As the
operational concditions of tne Jas »Hrescure end the enplied

voltaze are edjusted, the positive glow cisacneers and the

nezative clow recedes inside the cathode &nc vecones very in-



tense., The »nocltive ions of tie as, say helium, formed in
the dlescnerge are urged by the field ftoverd the catnoce and
snputter any meteriel there. Since & (eseous scnnle 1e intend-
ed for investication, a enecisl desi n and cultoovle consiruct-
ional meterial for tre cathode are nececscery. Thils nmaterial
nust have the nminimum or the least s»nutterring factor so taat
tne spectrun for investisation will not be com»plicated by 1t.
Aluninunm 1s sultable Tor tiiis nurnoce.

Due to thne mechenism of tne discharje, lerge nunmbers

J

of the helium etons are exclted to a zeta vle ener;y stote
and nossess 12.7 ev (erzon, 11.5 ev). Unon colliecions with
the samnle pas molecules, thne eneryy of fhe metastanle heliun
atonms is trancslormsd into Tihe »otvential energy of e:citation
for tiie sannle es nmolecules. Hence the characteristic emis-
sion spectrun of tie latter 1s oocerved when the excited nole-
cules return to lower eneryy cstates. Since the metastable
helium atoms lose theilr energy by rediationless transitvions,

the neliun s»ectuirun, &lthouw It observed, 1s very wveak,
- ? —_ b

~

C. General Desi:rn®

Fize 1 shows tiie cross section of a nollow cathode
source for exiciting the —aseous sannle, The nein oody of the
tube 1s nede of brass., It concists of two cectlons which are
insulated by a rubber caclet on the ed e énd a nyrex tubingy
insice. They ere held to etihier vy the externcl atmnocoheric
oressure. One sectlion incornorates tue anoce and tie other

the catiioce. Tiey are nocde of nard aluninum. The n»osition
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of the enode 1s adjustable such that tie noxiun intencsity of
thie discharze can be utilized. Tiie catrode is removeable.

o™

.Hence 1is desizn can ve ecsily &altered., Fig.

4]
e

8 & desizn
of a2 cathode for exclting solids. Tie ceat:ole is imbedded in
a cavity vhere water 1s circuleted. A cuertz vindow with
rubber zackets at one end allows tnie rodiction to be ooserved.
An inlet for tiie carrier gas and the goseous samnle is nlaced
thie Decx of the

N

in front of ti:ke &node, vwnile tre outlet is at
the —&s molecules neacss throush the

cathoce, In this wvay &ll

cathode end have tre nexiun obrortunity for excitation,

D. Gas &nd Power Sundlies
Tihe Xey »roblem of this subject ic to control the
flow of the ;cseous samdle, [0, &nd the carrier gcas, neliun,
so thiet a certein »nressure and & desirtble mixture of heliunm
and NO can be ootailned in the nhollow catnode, Hence leak
valves with conurolable cdevices are necescary.

A cylincder of nelium at 1,700 »nsil furnisies tuae sun-
»1ly of carrier ros for tue source. Tials nressure is reduced
to 4 pel by & Purox reduction velve., Arein this nrescure is
reduced vy meanc of two tanered lezk velves, one at the inlet
&nd the otaer at tiae outlet of the system. The tanered lealk
velve coneiets of a male teoer which may be cested snusly or
loosely into a corresnondin: female taner as incicated in

Fi~, 3. Therefore tine flow of zas can be adjusted. An O-

-

T-n
2

i

Ring furnishes the seel. A Hr menoueter is nlaced by the

&2}

inlet of tiie rollow catnode digcheroe tube To incdicate the
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nressure in

e

-

and acetone

Since only

nassed trnroush

t..e tube.
neliun res after relecse from the cylinder, is
cerbon treon vnlcii is suomered in a dry ice
beth in order To abcorbd Ttiue inourities
a cnzll »ortion of 10 is used in the hiollow

catnde, a very sencitive tyne of le

to control tune flow
cestion of Jolin J.
valve is pui

has veen dravn to an»roximately

ium wire,

a 15 nm nyrex tuoe,
lery wita tunzsten vires

is to »revent the

thermo-exnaonsion of tnie wires., Vinen a current

the »latiun wire, the wire 1s neated and exnands,
tendency to fill un the space within the conillery
the flow of 10 1s decreased. Tiie ronte of en~lied
can be fronm zero to ei~ht ammeres witinout fecr of

is joined to a

stra

Tae

("

g leads,

in on the

nlatiun wire is vut

cless

A loon in

envelone

incide

the

ond

~
<

h)
nas

<

velve 1s needed in orde

tre sug-

of NO to & minute énount. From
Hopfield,7 a glecs varicoonle micro-leclt
1t &s indicaved in Fi_., 4. A capillery tube vhich
tne size of a ,0i8 in

12 mm pyrex tube ond tiien fused into

c&pil-

the »latium wire
due to trne

is necssed fTrnrou:

a

Hence,

currenty

o

A ey
1

i -

o
n"}

the device, Tuict rate flow is cemendent upon tie »Hrecsures
at tne reservolir of IO end at the nollow catiwde, and the
rate of evacuation of the gacses. Fron exverinental results
the rate flow is s follows:
Pressure 5% A>bplied Current | nate Tlov
eservolr ol .0 rnollor Catiode | et tiue llicro- of 1!
(11 of =) (i of Eg) Leak Velve (nicron
(anﬁere) Der cec. )

o

b

0
4

1

1o ~3




The No 1is sunnlied oy tne llatheson Co. in & cylinder.
A small cuantity 1is fed into & two liter nyrex flcoslk, The
pressure 1s indicated by & H: menoneter., The ras is alloved
to pass turourn the micro-leak valve and enters tiie nollow
cathode for excitetion.

The »ower sun»nly for tie discnarze tuve is from a

2,300 volt, 1.2 kw filtered full wove rectifier. Tie circult

diacren 1s chown in Fiz, 5. A recistance of 2,700 oims is

T~ *1300 vV
l O-S“ va
NMov
AC '||-

L

" S

Fir. £ Circuilt Dicoran of vie Power Suodol
- =

placed in series witi tne discrar.e tuve in order to fecili-
tate startin; tre ciccrere and &lso to stcbilize tne current
during onerction., For, at the berinnin;, the reslstance of

the discharge tube is very hign, lence tiie asnlied »otential is
entirely ecross tuae electrodes. VWhen tiae dlscharie commences,
The recistence of tne tuwe decrecses to enoroxinately 800 onms.
Ags a result, aliost three quarter of the a»lied notential is
G.cross the bellaest resletance. Therefore, a sucll fluctuation

of the tube recistence <oes not effect the constont flow of



current.

The a»nnlied »notential Tor itlie micro-lzoll volve is
talzen from a 12 volt DC voltoze supnly end is resulated by o
2.8 oim rheosteat.

Tire schnematic cla rem ol the sas Tlow 1s renresented

. 6. Tre heliun Jes &lfter osocoin: throush the reduction

velves and the carbon trap, mixes with the KO at the outlet
of the miicro-leak valve &nd enters to_sther witn tie 0 into
the nollow catnode. ron t.iere thils mixture pescses torouln
enother leek volve, comes to a two-liter »nyrex flesk, and

-

finally 1s numned by a Cenco lleravac routrry oll »Humn into tie

alr, Tihe flask serves to stcoilize tiie nrecsure of the systen.



=10~

Ceavbon
Tvct
[
||
|
ny

'\
\\ g

__UA’,_'.__J

2300V







III. Ionized Snectrun of NO

A. Introductory

In order to nerdict viot ey zoour wen 70 ig iatro-

Cuceld InTe i LT T oo Wodr AU, raz inovlede of tle
- o 2 - - 3 al -0 - a8 < .oy Y- -
-lectzorlc confifuration of thwe molecule onl Thoue molecules

vnich nmay be formed 1s cCesireabdle.

When the 10 1s introduced, tiie molecules mry e dis-
N 1 e v + - + -
soclated or lonized &nd No, o', O", Cn, or Oo

course these Tfornations are deéendent on tne enérjies evail-

able in tae discnerce and the stadility of the molecules.

The ener:y eveileble 1s closely controlled in thie hollow cat-
hode bpeing lerr-ely tne ener’y of the netostable states of the

carrier zas., Thne latter 1s dependert on the naturs of tie

(]

molecules., If the situation 1s favoreble for a »narticulcr

molecule, 1lts spectrum will espnear and oe intencsified, other-

wise 1t will Dbe Cenrecsced or even cosent.

B. Electronic Configurations and Allowed Enerzy Transitions

. . ar t + o~
lioleculer snectra of Ile, No ', Oo, 0o, ond NO in enmie-

sion have been studled auite extensively. Tiie nost oroninent

vstems attrivuted to each of them ere as follove:

e

Not Tne electronic confl juration is
) 2 1 2 LY T

The best establiched electronic levels for nitroen in order

<4

b

of enerzy from the —round state ere )\‘2 ASZ. a‘“' g’“‘ c’“ DJZ
. ’ J .
Tlie obcerved band systens cre:

First Poeltive Systen:9

Cccurrence: . In tixe nocitive colunn of tie die-



cuar_’e tubes containing nitrocen. Tile bands
apnear very readily,
Annearaznce: De_ rrcded to tne violet. Under encll
Gisnersion tie annecrance 1s of waves of re-
gularly snaced trinle-lienced vends stron_est
in the orenge, tne red and t..e yellow creen,

Under larze dicenersicn tre rotation structure

v}

is seen to be comnlex, end tiiere are ceverel

o

neads to each vand.

Roanze: 10,000 - 5,000 A.

Trancition: W — AL

a2

Excitetion notentiel: 7.4 ev.

Second Positive System:lo

Occurrence: In the nositive column of disciarge

‘.,J.L

tubes containins nitroren or eair encd in arcs

at low p»ressure., The vands ennear very readi-

-

y and are of frecuent occurrence &s an in-

'—h

rurity.

+

Degracded to sncrter vave lengtias.,

(&)

Aonearcance:
Closed triple-hieaded bands forning fairly
obvious ceouences.

Ranges 4,500 - 2,800 A.

Transition: ¢'w — g'w

Trepr

Execitetion »otential: 11 ev.

Tire electronic configuration is:

T 1Y 1y T &



ct

The g¢round state 1 Esand. e only ovuserved treonsition is
A'Z — %'y in discl.erze tuves ¢t very low Dressure or &t
nocerete »nrecsure in »nresence of excess nelium in ollow cati-
ode. Tiie strons winds &re Ge_raded to tie violet, but & few
weak bands ere dercded to the recd. The cands entend Tron

2

5,000 to &,200 A, T.ie excitatlon notentiel is 18,74 ev.

v 8 ~ Fal 4 2
»0: Thie electronic confi-urction 1is:

(OaE Y (1aG3 (28 (2aFY 2V (2T (2 )
Tiie ground stote 1s .
A Sys‘ce:n.::]“‘{3
Occurrence: In dlesclerge tube ccentailning oxyzen
and nitrogen, end in nitrozen efter-zlow, and
esneclally strong wien excess oxygzen is intro-
duced into actlve nitro_en.

-

Annecrance: Double-headed ancd de:raded to the

Occurrence: In discuarre tube contcining nitro;jen

-

and oxyler, 1in active nitrorsen and in flanes

ct

containin_ 0.
Annearcnce: Dounle double-necled vande ond de-
sreded to tne violet.

Fenze: 35,500 - 1,800 A,



3
Trancition: AT - Xx'w

E:rcitation notentiel: 5.48 ev.

el .
03:8"4 The electronic confijuration of O, is:
. . . P (ahS,Y (1h W) (2p W,y
(LG (145, (20T (2400 by PV 2wy
- 3
Tie sround stoete is X . The neutrcl oxyzen nolecule does
not recdily sunow an enission cnectrum., Eowever, an eniscion

3 3
snectrum of oxy_.en (®APX ) vas observed by Scauncnn, and

Runse in the reion 4,400 -3,100 A.

+
w

The electronic confizuration is:

(@]
0o

\e S, ] “l LY T 2 LY
(1LeBy) (Lo Tuw) (1,46‘.6) (e ¥.) (2‘,?‘\ (2\\'.) (2‘113)

2 . o - -
Tl.e «round stete is W, Ticesre are two systens of uends et-

ributed to the lonized oxyren molecules, the First e ative
bandslS from the red to tue [reen, <nd tne Second irezative

bands16 in the ultre-violet.

. . At
C. The Unknown Sphectrum of KO
So fer the smectrun of ionized nitric oxide molecules
has not been observed. A secrcih for this snectrum hics been
carried on here. The nredictions for tne uniinovn are vesed
unon tne iso-electronic reletionsiin.
: . s - At
Tae electronic confi . uration of tie 2O molecule ic:
2 \ ) T LN  }
(o Ty (LaTy C24T) (2,0 (2pW) " (2P )

Eal

Since trigs is eiriler to tiict of the neutrcl nitroren nole-

cule, tien one would exnect thet tiie electironic states cnd

the oond spectrun siould be resemvle thiose of the neutral ni-

trozen nmolecule.



N0 mnolecules from tie 0 in the Inllow cetliocde diccnarce:-

-

(1) directly from tre neutrzl IO nolecules t.roush ionization,

-\ - - ..t + .- + I o
or (2) by convinin: i’ + 0 >0, or i + 0O o 0, &fter col-

lisions of second. iind.
1 ovw if vite former Cid riencen, tien tie ionization
“ b
notential of 110 is of inroritance. Fron the 1init of DJyverys

Series in bond enectre, tne moleculer ionizotion notenticl of
Z b o

'_J
LN}

1es peen oovtiined:

12,5C1 ev.

H
b
o

The only inforn&tion &evailable for 10 1s from electron inwact

13 wnich ;;ives &n ionizetion notential of C.5 ev.

exnerinents 0
Since tne enerzy fron tie netestepnle neliun is 12,7 ev, tren
there will be 10 to 11 ev availevle to excite the KO+ nole-
cules.

(2) If the formation of the 0% nmolecule is fron
collisions of tiie second xind, tnet means after tre dlssocilat-
ion of IO, tihe neutral nitro_en etom or tie neutrcl oxyren
atom one or both excited, collides witi thie metastable, ener-

-“

~etlc heliunm aton. During toe collision, t:.e excitation ener-

Uy of thie latter is tronsformed into tie notenticl enerry for
tae forner end, as & result, becomes ionized. Ilov, if tie
ionized nitroren or oxyjen &tom comwlnes witl: tne neutrnl
xyoen or nitrosen atom, resnhectively, ti.en t.ie lonized niterl
oxice nolecule is formed. Altaou.n tiis Uyne of Tornation
=eens inmocrobeple, NO is ouserved in discaarje tubes contoin-

. : 2 ema .t s .
ing No end Op as was nentlioned eénd AlLH was ootained with



«17=
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cood intensity fronm & nollow cathode cource with cluninun
cathode and elium s the carrlier ¢ s vhiien HS vvas Introduced

as &an imgurity.lg
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IV. Zx»nerimental

A. O»ntical Systen

In order to search for tne sphectrum of <Tae ilonized
nitric oxide rnolecules, vorious concéitions for tne hollow
cetihode discriarze are exanined firet oy ove-rvins visually
with a constent deviation esnectrometer, and tiien Hnotorranh-
inz with 2 littrow s>ectro_robh witi auartz optical train.

Fiov., 7 is a »nnotozrenn of tiie ontical system with tn
goectironeter and tre littrow enectro:rrannh in nosition.

-,

Yodelr Swectrocsconic nlates ITI F ond Xodelr Shectrun

<

Analysis llo. 1 nlates were uced., Tae »nlates were develoned

in D-19 for 4 ninutes and Tixed in D-76.

B. DResults
Two condltions ol tne hollow cethode discharce were
-investi. ated. One 1e witi excessg 0 and the ov:xer with a

troce of MNO. The owerationsl conditions e¢re as follows:

Ooerational Condition Excess N0 Trace of IO
Overation-current for

cischarge 200 ma 200 ma
Pressure:

0 & He 4 nm S mm

0 o2 mm 15 nn

Leck-velve current 0 amp 4 omn
S1lit Time exnosure
Smm Ren.e 1 12 nin. (Fe: 15 sec) | 25 nin., (Fe: 15
omm Rance 2 30 nin. (Fe: 1% sec) 1 ar. (Fe:; 18
3mm Rence 3 2 hrs. (Fe:180 sec) 2 urs. (Fe:1:0

Semnles of the shectra obtoined with these conditions are shown




=0




=20~

o

in Fi~. & I, II, and III with (&) renresentins tone cose oving

Lo

excess 110 ané (b) for toe ccse heving a trsce of 0. Their

identvificetions ere nace by tiie reictive »nosition of Ll.e Fe

gnectrumn.
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V. Conclusion

s
o
1)
o)
=
m

The eim of thils project 1s To desin &
2 hollow cctnode source vw..ich ives controlled excitetion for
the snectra of lonlzed molecules. This pursoce has been ful-
filled sztisfactorily &c 1ndicated by tite shectra shovm in
Fir, 8 I, II and III.

-

In ccse (2), tue soectrum of I

o

1s promninent, because
wvith excess O, the ener 'y of tile metastable nelium atom 1is
distriouted to eitner lonization or deconsocition of tae 1.0
molecules. As & result, KO+, N end O ere formed. Tiie nitro-

~en atoms comuline to form No, and oxysen atoms, Os.

ub’

-
r

In case (b), tme snecirum of N2+ is »rominent, becauce
with e trace of NO, only a minute amount of N &nd 0 is formed.
With eiicess metastable heliun atoms cccunulatins about the
cathode, N3+ can be readlly formed by collisions of the cecond
zind.

After o coreful secrch throuh the enectra siiovn in
Fiz. 8 I, II, and III, no evidance for tae »nresence of tne

+

cvectrun of IO hes been found. Cf course this does not mean

that there has-been no formation of tae KO+ nolecules in tne
discrarge. According to the previous diccussion (Section ITI
C, . 14), the fornation of the NO+ molecules are cuite nos-
sible. Firstly, the availlaovle eneryy 1s more tiwon enou:n for

the ionization of 1'0. Secondly, from tihe nresence of O+, it

viill ve logical to believe tint tuaere are N and Y also. Thus
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not could be formed, and the ebundesnce of No and N3+ can not
eonerently be cccounted for on the basie of ilmourities. Hence,
e can sum u» by seyins tact tie »nrominent trancitions of ot

are rost »roccbly in the extreme ultra-violet or extreme inirs-

red walch cennot ve detected with our s»nectrorsranh,
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