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IS7R0DUCTZ0B

freak tho Xlt«ratttr« it is found that tb« apera of tiia

alkali sotala havf) baaa axaalaad for abaorptioa and nagaotla

rotation rather axt«nalToly. It haa bean aatabllahad from their

eharaotorlatio band abaorption that thaaa aetala foxia diatoaie

Aolaoulea not only in the eaaa of laoleoulea forB<»d from alngla

alement Yapora, but alao in the oaaa of moleoulea formed in tha

Tapora of ooabinationa of two aeparate alkali aatala. isaltar

and Barratt (1) axaainad and idantifled the abaorption apaetra

of Lig, Ba^g, Kg, nbgt and Ca^* Thay then axaalned ocmblnationa

of thaaa aetala and idantifiad band atruoture of UK, LiRb, UCa,

VaK, Kallb, NaCa, KBb, RbCa, end KOa, Higher and nore oon^lAta

aaalyaia haa bean oarried out in the oaae of Li (fi, 3, 4, S),

Ba^g 7, 6, 9), Oa^ (10), NaK (U), Rb^ and BaHb (12). To

date, a band ayataa Identiflabia aa due to a Kail abaorption haa

not bean found. Walter and Barratt (1) attempted to deteot auoh

a aolooula but did not. Thay attributed the failure to the faet

that auah of the apeotrua in the region of the viaible, near

infra red, and ultra violet ia oovered with the band ayateaa of

Bag tnd Li^. SodiuM haa two proatlnent band ayatema—one in tha

M«a greoA and a aaeond in tha red. A third ayatom ia evident

(at higher praaauraa of tha aetallio vapora) falling near the

aeooad principal reaonanoe line of aodiua at approximately 3500

aagatroma unlta. Lithium ia ohareoterlaad by tuo ayat^ma, one

in the blue graaa aad a aeoond in the red. l^iua, ainoe a 00a-



aiderable portion of the peotxam la ooYsr^d bj Strang bonds of

sodiw anlssulss and llthiua aoXeoulasi n9y» uxUletf)et«d band

struetura originating froa • KsLi ooablnation may ba maskad

banaath tha already aziating absorption ragions of Rs^ and Ll^«

Tbis diffiaalty mi^t ba overoosM by taking adTantaga of ths

faot tbat tha oonoantratien of tha thraa Biolaoulas (la*, Ha^*

ti t and KaLi) ara reapactively proportional to tha proAuota of

the oohoentration of tha oonstituant atoas* By tvorklng with

sodium with just a traaa of lithiun in tha ragiona aooat heavily

oovered by the lithium bands and Ties versus for the regions

Mst heavily aaSkad by th^ sodiun benda, it is possible titiat •

band sjrstam sttributabla to MaLi oould be dissovered.

The abaorption band systems of Ha^ and li^ in aaoh aase in-

volve tranaitiona from a molaoular ground level «Mch dia-

aooiatea into normal aodium and normal lithium atoma to exoited

eleoular aad ^TT levala (8»4}* Both of tha upper levels

disaooiata into one nozmal atom and one in tha raaonanoa (P)

state, fha theory uaed by Loom!a and Arvin (IS) indiaatas that

there ahould be four ayatems of NaLi banda in th^ visible and

infra red. Thia ia plauaibla alnea* besides the ground level

ahioh would dissooiata into normal sodium aad lithium atoms,

there ahould be a pair of levala, aaA ^TT , diaaoolating into

normal sodium aaS axsitad lithium and a almilar pair dissooiatiag

ittto normal lithium and azeited aodium* the four band systems

would oorrespond to transitions between the ground level snd tha
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four excited moleoular levflls.

This reoearoh work has been undertaken in an endeavor

to find band struoture( s) , in absorption, of the NaLi moleoule,

If suoh a band system could be discovered it would allow further

analysis to determine suoh items as the binding forces between

the atoms, electron configuration in the molecule, heats of

dissociation, dissociation products, internuclear distances, etc,

APPARATtJS

A general view of the experimental apparatus is given on

Plate I.

Vacuum System

•Rie vacuum system consisted of a two stage mercury diffusion

pump. To the rear of the system a bottle of neon gas was attached.

Since a considerable amount of the work was done using only fore-

pnmp evacuation, neon was used to flush the tube one or more

times during evacuation. In this manner an excellent vacuum

with reference to oxygen, water vapor, and etc., was easily

accomplished.

Spectrographic Apparatus

The Bausch and Lomb small littrow spectrograph evident in

Plate I was used for preliminary examination of the absorption

spectra. For further examination the furnace and absorption

tube was detached at the wax joint indicated in Plate I and waa



tmilATXOK OF PLATS Z

A c^neral Tlew of the exparlKontal npparatas,

A*»Bau8oh and Lorab saall Littrow speotrograph*

B«-*Sodium tube with asbestos ooTsrlni;*

0«—ruRiaoa*

D**«ax joint for aiseonneoting absorption tuba from

the TeouuB systea,

t«*Lieht souree*
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ount9d bnfor<; a Bauaab k loaSb m&i\m Quarts apeotrograph.

Both Sastmn SO and ISaataaa type ip^otroaoopio platat

ware uaad in tlM analyaia. ^ataan type I*N plat^a gaT<t good

•anaitivlty orer the region beginning at approximately 8300 I

and atretohing well into the infra red. Saataan SO platea gaTa

aatiafaotory aenaitirity in the region froa SIOO I to 6700 A«

The lithium 6707 A raaonanoe line ea well aa the r<^d band aystena

of the two element a did not epp<*ar on theae letter platea and

for this reaaon they were aonewhat unaatiafaotory. It waa help*

ful to uae pie tea ahowing the reaonano* lin^a aa their int^naltias

gave a relative meaaure of the oonatituant Tapor preamirea within

the tuba.

Optioal Syataa

Tb provide the oontinuoua baokground for the abaorption, a

Oeneral ISlaotrio H*3 hi^ praaaure meroury aro waa uaed. The

continuum of the meroury diacharge in thia type la^> o overa tha

range from the red to the ultra-violet. For baokground in vdiioh

the ohief ooQoem waa the red end of the apeetrua, a 500 watt

projaetion bulb proved very aatiafaotory, lh« projection bulb

gave aatiafaotory axpoaurea at wave lengtha aa low aa 3500

angstrom unita. Both of theae aouroea gav«) intanae illumination.

Two quartz lenaes, eaoh of approximately ten o^^ntimet^ra fooal

l«agth, wnre uaed to fooua the light beam at the center of the

tube and thence refooua on the alit of the apeotrograpb. With

thia type optioal ayatem, expoaure time varied from one to five

aeoonda.
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me ftbtorptlon tubs it ahom In diagrwi m I^X«t« ZI« Tl»

MlB tttlMit oonstruotftd of aiok«l ttt1>lag» w«b S«5 oiatl«st«rs in

4i«Mt«r and ««• 89 esatiawtftrt la l«a«ih« Slaeo •odiim tfi•tills

•it • MMh le«9r t«ag^rfttttr« tb«a litbiuB sad Also m it w«s

A««ir«d to ooatrol tto Umf%r*%»f9 (a&d tli«r«for« tli« vapor

pr««attra*) of thn tuo antalo ladlvldiMllyi it «•• B»o««o«rr t«

•eaatruot a •aparat« tub* for tb« aodivK. Thiu tuba was of

oa4*fourth Ineh dianatar alakal tobias viilali vioa aiolc«l wnldad

oa th» ei^tar of tba saia tubi* Itia outar axtranlty of tha tuba

VM eloaad with allv«r oolAar* At auoh tiaa wh^ta it was daairad

to raopaa %h» taba» tha tip «oa yaoevad with outtara* Quart!

wIbAm vara wajcad to tb9 aada of tte abaorptioa ttfba* Hia aadi

•f tiM tuba vara watar ooolad to OMiataia tha wax joint aad to

affaot ooadaaaation of tha aatallio vapor prior to tHa tiaa it

•attlad oa tlMi wladowa, Tha lattar ««• hl^lj daairabla ia

law of th^ faot that tha alkali «atala» aapaoially llthluA»

attaak glaaa aad quarts Igoroualy at hiehar taa^raturaa,

furaaoo

tha absorption tuba was anuatad la aa alaatria furaaaa* lha

sida or aodiua tub"? protrudad from this fumssa sftd waa itsalf

sapsrctaly wound with aiahroaa wiadia«s« ftao varlaes W9r« usad

to aontrol tha ourr^at throu^ tha haatia« alasNBts* lha ta«g^or«

aturas w^ra aassur^d with tha usa of two tilav«ooeupl'>a« Thasa



HXPUMATIOK OF PLAT? II

Diagrui of th« ftbsorptioa tub«
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w«r« plao«d at th«i o^nter In contact with th« nickel tub«s.

The ganeral procedure was as followa: First, the absorption

speotra of sodium and lithium were obseryed individually.

Second, the speotra of the mixed vapors were observed. Any new

band systea appearing in the latter spectrograms not identic

flable by refer<9nce to the speotrums of NSg or Lig should then

be attributable to the oetalllo combination HaLi.

Preparation of Material

The sodlixm and lithium were obtained from oommeroial supply

sources. The »}dium was ordinary Iwajf sodium metal. Upon

receipt at the laboratory, It was divided, placed in glass tubes

utoioh were then evacuated, and sealed off at forepump pressure,

When it was desired to place a sodium load in the absorption cell,

a glass tube was broken and the sodium transf ^^rred.

The lithiom was delivered to the laboratory in small vials

containing one gram of lithium each. The metal in the vials was

submerged in kerosene. It was stored in this state until tims

for use. It was then removed, washed with benzene, dried with

filter paper, and placed in the absorption cell.

Both sodium and lithium oxidize very rapidly when expoaed

to the air. For this reason it was necessary to perform the

loading, reseallng, and evacuation as rapidly as possible. Since

an oxide coating was formed on both metals almost instantaneously,
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it wais la^ssibl? to get th« loading aooo3q;)lishftd wltlioat

ozldatloa by this OAthod, Th« prasanoe of thn ooatiag did not

prohibit tha appaaranoa of the sodlun and lithium tend ayatom*

tJaa of Maon

Kaon gaa waa admitted to tha abaorptlon tub? during all

trials. Ttea purpoaa of tlM adaisaion of the gas waa twofold,

yirst, it was highly desirabla as a aaans of radueisg tha maaa

fraa path and thus pravaat undue transfer of tha aatallio Tapora

to ttn eool ends of the tub<; where condenaation on the walla end

wlndowa aould ooour. Saeoad, tha preaeno') of gaa eahanoaa tha

probability of th<9 three«>body oollision neoeassry for i»>leoular

foraatiea.

Raon praaaura uaad waa approzinately eaa Hllliaetar of

oteroury. Praararaa of lasa than one nillimeter vara triad, but

distill etion to the Qu@rtz windowa baoaaw so rapid that at 0,8

milliaetar of mercury the window fogged before thn aeriea of

apeetrograma desired were ooapleted.

lithium Trials

Siaoa a oc»uiidarably higher tei^aratura vaa aeoeaaary to

maintain sufficient vepor preasure for lithium than for sodium,

l?oi^gad windows were renoTed ^th a minimum of heat aad
washed in baaaaaa end aloohol« lliis treatment o(^pletely alearad
the alkali depoait from the quarts and allowed reuaaga.



it was deoidc^d to i&v<)stlsat« tha lithlua absorption first.

Tba absorption oall was attached to the veouum system and

outgass^td by avaountion during p'Tioda of h'sating, With the

Vk'nTovLry ^MW^B r;nfag^d th« prassura obtained was naar 10

silliaatars of maroury as avidenoad by a Kol^aod gaaga* At this

point tha 0911 was opanad by raaoTing ona of tha quarts windows

and one or ttora pallets (approxiaately on«»>half gran) of lithita

ware plaoed in a shallow boat at tha aaater of tha absorption

eell. Tha window waa than raaealad and tha eell STaonated.

As soon as a propar Taouiua was obtained, tha system was flushed

with neon, ra*aTaouated* and thanoa filled with neon to a

preasure of approxisuitaly one ailllBotar of sareury* Tha tuba

waa than heat«>d and Iha abaorption spaotrogrsBS tak^a* Rli^st

taai^aratures used were la the neighborhood of 860*0* Work aboTa

this taaparature was atteiapted but it was found that tha lithium

lead distilled too rapidly and soon neeessitst'^d raplenishsent*

SodiuB Trials

After tha lithium triails the tube was opened and washed

thoroughly with water* Baeause atrong sodium bands are apparent

at a tej!ip9rature well b^low the initial tempsrature at ahioh the

lithium 6707 A reaonenoe line ia aTideat, it was possible to use

the asms abaorption cell for work with aodiua* There was thus

little possibility of an absorption from a lithium ia^urity*



%o lAmit t load {•gala about oB't^hnlf gram) of aodlvi asA qalakXy

raaaaiad vith 811y9? aold^ir* iha aftlX vaa tliatt r«*«Taott8t«4»

flui^aA» «Bd flU«fi witii ]|«0A aa pr«vl0ttslr d«aorib#d* fnw^9r»

atntraa uaaA for tlia aadiw tmh9 TaiiaA froa 400*^0 to 880*0* Hm

abaofptioa tabe «aa bald at a t««^ratar« allgtitlLy hi^T thaa

tl» aodiaft tub« Uiiroa^oat a trial* Daring tita iMatiag {»<»ried

tlta uaa of aa ordiaary t^iagatan ^tilb faoilitat<»d tha proptr ehoia*

of axpoaara* If light froa tkda aouraa aaa allenad to paaa

tbroagfei tha abaorption tuba* a alif^t graaaiah or yellov-graaaiab

tiaga V9p99afi at taa^arataraa of a»ar 488*0. n^ipg^xtmt^lft

tha appaaraaaa of tha aodlaa b«ad ayataa ooiaoidad with tlda

jpMaaaaaa* At hlgtm taaparatafaa* tlw ili^t aK)««rad a darkar

graaoiali caat fiad, oorraapondlaglyt aaaoaiat«d with atroag

abaorptioB*

Ooal»iiiRtioa Triala

tiM aediu»»lithii» oootblBftioB triaXa vara wat atltiaal*

ka aaa poiatad oat aarliar« it waa aaaaaaary to trj ttorklaff witli

a hmkry oone^^atrttioa of lithiaa vapor aaaaaiat^d with a traea

of aodiaa sad Tiaa varaa ia aa attaa^t to bring oat a Bali baai

atruotura possibly aap«»ria|»oaad oa a Ra^ or ti^ baad aystftn.

mia aso^aaltat'^d aoourata taaparatara ooatrol*

Pvaparatloa aad loadiag for ^9 aoiiU>ia«tion triala pro9o<«d»d

aa ia tha iadivi^al aoditua end Uthiaa triala* Thraa alatara

ratioa wnvn triad* firaty tha aodiaa aad lithiaa vara haatad ia
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• AMoaer se tbat tliiir« w abnadAM^ of botb YAport

«xi0tlaf siaultiimocttly la tb« «)>ftoTptioB enll. 8««<»aA, tlM

llthlua was haated to n^ar 880*0 produelag •» ab«id«iaa of

Xlthiua vapor* aodlua tub^ waa than h'vatad to allow varloua

oonoaatratlons of t2i«» aodium with tlia lithlua vapor* third » ^
aodiwa vapor ma yrodsood is ata»fta»oa asd tbm Xlthiw was

liaatad %• prodaaa arylas ratioa of Utttlttai vapor to aoAlm

vapor*

Duri&e thm trifiXa la whlob Xithiaa «aa tha Xargaat aonitlt*

aaat^ tlia Xlthlaa Xoad vaa dapXatad qulta rapidly* ^lia aaa«aai«

tatsd tHa ra^aaias and aobaaqaaat aXoaaiaf of tHa t«b<^* Tha

tuba waa aXaaead aad outgaaaad prior aaoh triaX* Thia waa

raquirad aiaoa haatlag of tha abaorptioa tQb<9 Taporisad aay aodium

pravloualy diatillad iato it aad prav^atAd prop'^r ooatrol of tba

•odiaa vapor praaaura*

9om diffiouXty waa aaoouat«r#d in tlta aboioa of appropriata

ta^parataraa of tha two tabaa* Both Betala forsad aa oxida

Jaokat la tha prooaaa of loadia^ aad avaauetioa* Thia Jaakat

appar^atXy fonw a barriar for tha aatal* Torylag taaparataraa

wera raquirad bafora t&a vapor praaaura baaaoit atiffici^tnt to

braah tbifs barriar aad allow tha vapor to dlffaaa aaaily into

tha 0^11 * ladaad* llthiun raaaiaad in lump fora until about

700*0 av«a though tha pura aatal haa a aaXtlag polat of oaXy

186*0*



ne. X* Jltfroduotlon of • •p«otro<fr«plilo plntm 9h«mi9g tk«
r«d and th« blu«<»gr«^fi h»nA tft^m of th«
aoX'^oul't* 7b« 6«T«a momr»* w«r« aadA 00*0
Int'trvaXs ^<»§ltiiiia« «lw tli« low«r •iQ»oo«r« whieh

•7»t«i oad tbtt Xithisa 6707 I Uft« It «Tld'^iit ot
650*0. oBd filv<is otroBf oboorpUoB at 700* 0* tho
r«l!^tl1r«ly und^roxpooAa i^otroo abov* ^9 aoala waro
Baoaaaary to brlag out tiM r«4 l»«id ayat«a* ?!iiB

ayataB. la aaaii to tHa rlfHt and laft of tHa raaoaaaoa
UiM ia tbo aipoama aaia at 790*C a&d eOO«C,
t«o top o^oiuraa aaAa *t a furaaoa tammetura of
990*0 and 900*0 allow dlBiBiablae iBtaBalty of M
abaorptlon. Thlt «aa du« to tha oabasatlon of tlia

lithium lofsd by vlrtaa at rapid diatiltot tion to tha
aada of tha tubat Thts aouroa waa the 500 watt pro*
Jaotlon bulb*

fig* t« HamteotioB of a ^^aetrograpbla plata aboa&Bc tilo

, t M aod tha bl«««iraaB baad ayatitta of tha aodiioi

J md1»ou1«, tha B*tm ossoaiiraa wara aada with tha
taaparattiraa of th« aodiuA tuba aad tha abaorption
tttba at tha taaparaturaa iBdlaatad to tha right of
tha phetofraph* ma oaatral axpoaura waa maia ualag
aa iaaaaAaaoaat aoBToa. tha rtaaiBlai aipoasraa wara

' Bada nalBf tha sareary are aa aourea. 1Ih( h«Bd ayataaB
ia tha rad» blaa graaa, mA vlolat ara ahoaa*

yiC« 8* ^taprodaatloB of a apaotrographio plata abowlag tho
abaorptloa raattltiag froa tha vapera of ooflfl^iaatioBa

of tha two Mtala* thia plata waa ohoiaa alaoa it ahowa
a variaty of aixturaa of th<s two alasaata* tha lo^^ar

tae ap<;6tro«raBa abow aa aboBdaaoa of aodlaii* this
raaultad froei faporlxatloii of aodlua whioh had
praTlcualy diatllXad Into tha aialB tub^* th« upp«r fovtr

axpoaoraa wara aada with aa aboadaaaa of tha lithiwB
vapora and laeraaalBf (iq^rda) aaoaata of th^^ aodlas
vapora* tJafortaaatalyf tha abaorptloa la th'^ r<»d portion
of th4 oxpoauraa haa baaa partially loot in tha d««v«»lop»

•Hit* tha taaaaratara of th« aaia faraaoa la givaa to
tha rii^t of tha figarat tha tao^aratara of tha aodiaa
tub« ia glvan to tha laft of tlb9 figaro*

1
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PLATS III

350'C
800
750«C

700»C
650»0
600»C

fig. 1

550*C
\ 525«C
500*0
500»C
475*0
450*0
485*0

Fig* £

610*0
485*0
460*0
435*0

400*0

Rooa
Room

850*0
850*0
850*0
850*0

775*0
700*0
650*0
575*0

Fig. 3
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Plate III shows photographs of the spectrims of lithium,

sodium* and sodium-lithium trials taken on the Bausoh and Lomb

Bfldium quartz speotrograph* The axposuras were taken at various

pressures of th^ absorbing gas. Fig, 1 of Plate III shows ths

two band systems of lithium. The system in the red is brought

out in the exposures of lesser intensity. This is also true in

the oase of Fig. S of Plate III showing th'^ spectrum of sodium.

15ie sodium-lithium plate on Fig. 3 of Plate III was chosen

beoause of the varied ratios of the constituent vapors as indicated

by the breadth of the resonance lines. Tha plates show a sli^t
«

decrease in background intensity in the region from 4900 A to

5500 A. This was due to a decrease in the s*»nsitivity of the

type I-N plates.

Close examinations of the spectrums yield no lines evident

on the combination trial which is not explained by r*.f«renc* to

one of the sodium or lithium plates.

CONCL0SIOH

Th* results indicat-^ that no NaLi molecule is discernable

within the limits of the experia«ntal techniques involved, Th'^re

is a disadvantage inherent to this study in that the blue«gre«n

bands of the two metals are nearly superii^osed on one another.

The red band systems also overlap to a lesser extent. The

spectras of the combination trials are therefore quite con^lex.



It iB felt that th« following would aa^erimsntal

laprov*m«nt» aad would aid the Inv^fltlgfition i

1, A long«r abaorption tube.

e, A a*^thod ^fT^hf thB io*>tal8 could dlstlll»4,

in vacuo, into th-^lr r(s»p«otlv« i^rtlona of th^ tuba,

Olass to matal aaala for and of tha absorption

tuba»
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Aolaiowl«»agaent !• mde to Dr. H. If* UrOfXlAf formwrly

of Kansas Stete CoXlegs, now H«ad of tli« Department of Physio*,

South Pttkotft Stato Coll«ijr9, Brooklnga, S.P*, for hie oxoeXleBt

^t&iants anA iaapiratlon. AokoofdedemaBt Is also eapraaaed to

Pr. R« H, HaFarlmd, Department of Fhrflaa» ««io haa glTen a

graat deal of hia tlmo, ezeelX^nt advlon, end ocnatructive

orltlelam firing the final ntanos of thle experiment and tho

prepeoratlon of this aanuaerlpt. Gratitude is ezpreaaed to

Dr. A. B. Cardwell, Head of the Department of Pbytloo.
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