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. ABSTRACT

The nature of the known electronlc states of gaseous maﬂne51um

| T;Noxlde is dlscussed PTedlctlons are made of unobserved electronlc states
l"%dand thelr possible effect on the MgO spectrum. Dissociation products Of
L the known states are suggested and the dlscrepancy between Lhe spectro-.’.fu

's00plc extrapolatlon and the present]y accepted dlssoc1at10n energy of

;‘,MgO is dJscussed. A331gnments are made to a number of preVLously

1J unass1gned band heads in the v1o]et spectrum of MgOﬁ Two add:tlonal
i.band systems in the yiolet regioq are assigned to the MgO molecule,, Thek"
‘possible assigmment of the ¢’z ana p'a states of Mg0 to tripiets_is e

- considered.
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“li'vhas'made early analyses difficdlt and_only una531gned-band heads»have_ia!

:’Alf»been reported

:~7fforder to determlne whlch bands could be attrlbuted to transitaons

"f'_separatlonl(229 em ) rcported betwecn theso states and the extreme

s

e IN’I‘RODUCC{’_ION -

The gaseous MgO molecule has a red band system1 ad assigned to

"B E -Aln, a green band systeml—Battrlbuted to B12+-X1i+ and a complexf';;h:‘
’ v1olet spectrum At 1east two emltters glve band heads in the reglonf;?'&

- Efrom 3600 to hOOQ £, namely Mgo and MgOH. Exten81ve overlap of bandS‘;'

6; 9- 16 17, lshave assi-gn,e'd-'rf R ‘

Recently high resolution studies
- two MgO electronlc tran31t10ns w1th1n the v1olet reglon 'The medium'f?~,:”.,;f

'reso]utlon arc spectrum of MgO has been re- examlned in the violet. reglon _f

*ﬁf from a source in whlch the contamlnatlon from MgOH has been reduced in- .

” between known electron states and whlch to new tran81tlons, A consid-v'“;’"
. eration of ‘the known electronlc states has been undertaken in order to 'j}g*j,}}
. .
. assign molecular orbltal conflguratlons and to predlct whlch other

\:j electronlc states may be- Jmportant in the MgO mo]ecu]e.'

'THEORY .
Table I summar:zes the experlmental data for the states of thellfﬁ'7fb o

3

. 8 .
"Vlolet bands1 the green and red bands The spectroscop1c constants

L'fﬂof the C and D states are of spe01a1 1nterest The small energy

'similarity of the spectroscoplc constants leads to speculatlon that thef'
~ Cand D states could actualJy be components of a trnp]et state. This
. point wil] be discussed ]atcz in conncctnon with calculatlons and. o

" experimental results.




s

:One‘of the most strlklng resu]ts‘of a eon51deration‘of the
‘T;moleeniar states ar1s1ng from varlous atomlc states of magne31um and.
'fVJfoxygen is that only trlplet molecular'stetes arlseffiom ground state
‘ufetons as shown 1n:F1g, 1. The, atomlc energy:levels have-been t&hen\:
:ﬁ;from Moore. 19 sThe lowesthatomictconflgurntion whieh gives sinélet b
:hhelectronie molecular states is-jS 868‘.'crn“~l above the ground -state atons.
"n’A 31nglet molecu]ar ground -state from neutra] atoms would be expected
{fonly if the bondlng energy between magnesium 1S and. oxygen D is at ;f&
f;leastvl) 868 cm.l greater than the bondlng between maanesium 1S and _f
: oxygen 3?. | | R
' US1ng an ronlzatlon potentlal of 61 669 en 1ffd}‘magﬁésiﬁml9and“'
Sfan electron affln:ty of 11 85] cm } for oxygeneo, the ground—»tate ions
:{rlie about h9 800 -em ; above the ground-state of the neutral atoms.it?
{fThls is Jow enough to have a cons1derable effect on the charactervof.
fhthe low Jylng electronlc states 1f 1t doesAnot 1nvfact glve r1°e to the”.
i]mo]ecu]ar ground-state. o ’

Slnce flve electronic states have now been.characterlzed.for‘Mgov

ffa thorough COHSldCT&tJOH of the molecular orblta]s and assngnment of

.'g.the known states to partlcular conflguratlons seems useful. or

3'part1cular 1nterest is the estlmatlon of the number and possnb]o L el
ﬁ..energnes of trlp]et electronlc states and the predlctlon of which
ffelectronic tran31tlons should be avallable for analys:s of the MgO

Qnspectrum. The "Thlrd—Law" determ1nat10n>of the dlssoclatlon-energy‘y

”of the MHO molecule depends on the energles of low lying electronlc fﬁ

jﬁstates,'espec1a11y trlplct states vhose Jarge degcneracy can apprec1ab1y

*i}taffect the Jntexna] part:tlon funct1on._




f[]_conflguration I of Table II. Elght conf:guratlons are con51dered o
A; ground-state (conflguratlon I)

7*:}Icalculatlon of conflguratlons I II, and III A sem1 em-Plrlcal

- f_Before correctlon, the (conflguratlon II) and 32 (III) were approxt- o

L mately 12 000 and 9 000 cm'l lower in energy than the *="(1). The |

”7.f;>on Mg and the To orbltal is mostly 3s A0 on Mg w1th ‘some 3pc on: Mg and ft”;‘ff.

. UcRL-18835 .
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Tdble II presents the moleeular orbltal conflgurations and

tcorrespondlng electronlc states thch may be expected to be low in energy.
".Estlmatlon of whlch'orbltals are low—lylng is baseduon the ealeulatedJa:is’ﬁﬂ.”fj

“ orbital energ1es of McLean and Yosh:.m1ne2l for the molecﬁlar orbital‘

1nvolv1ng 51ng1e and double exc1tat10ns from the calculated22 eleetronie ‘

Tdble III shows the term energles of a limlted ba51s set ICAO MO SCF
22 s

'Vf}correlatlon energy correctlon is. 1ncluded 1n the energ:es of Table III

ﬂ'i'unccrtajnty in the use of a limited basiq set and. in app)icatlon of v:i;,ve ERENE
BE correlation effects leaves opcn the p0ssibility that MHO has a trip)et ORI
,.;-électronlc ground-state The ca]culatlons suggest at least two l°“~1y1né:w”"“'
'.'trlplet elcctronlc states. o ' o
A qualltat1Ve analys1s* of the cenflguretlons I, -II and'III shous
,;Q_the S0 orbItaI is very Jargely 25 A0 centered on the °Xygen atom, the ‘f:;;;i?:ﬁ-'
':I-eﬂ orbital is 1ar8€1¥ QPﬁ AO centered on oxygen. Wlth some 3p and 3dﬂ ?:fﬁv

 some 2po on,Q. The 66 orbltal is bs5g 3s.on Ng and 55% 2po on O in

] . . X . i ! i

¥A partial population analysis was, used in ref. 22 for estimation 6f:""
' correiation energies ~‘Ref. ?l contalns 1nformatlon on calculations w1th¥:f; v
a ]arger delS sct for conflgurdtlon T from whlch estimates of.a popula-’

" tion ana1y51s may be made.



'ef'3.conf1guratlon I whlle it is almost entlrely ?po in configuratlon III

ZJI“So the low-lylng molecular orbital conflguratlons are qulte ionlc in.J{ff;ﬁT
Afii{character being very nearly llke Mg and 0 for conflguratlons I Ilbahd
III The 31r orbltal is 1argely 3pﬂ on M%-v | | S
. ; ‘ It ‘is dtfflcujt to ass1gn the observed electronlc states of MgO to ;i;
J;fparticular molecular orbital conflguratlons because conflguratlon mlxlng

)‘I'fﬁfcan be expected to be quite 1mportant. There are flve 12 stateS'and Y

.f;ﬂthrec 1H states listed in Table II whlch may 1nteract. Froﬂ‘the.aﬁomic;finiI*:.
{}iV1ewp01nt the four molecular states from the ground—siate atomic 1ons &
a;:Ican be expected to 1nteract with molecular staLes from neutral atoms
‘;1cau81ng unusual and 1rrengar-potentlal.curves; |

It 'is postulated that'fhe'xlz+ state oflMgO is asecciatediwith ';f"

v:vconfiguration T and the AN statefWith,configurction IT. The Blz+_stafef

k; is likely a mixture of configurations, perhaps Very ccﬁp]ex‘ Its steep:’
'1ffpotcntia1 curve (see Table IV and Fig. 2) suggcsts unusual bchavior and 'fakfi >
‘23 L

: I;irregularitlcs in vibratlonal structure suggest interaction of potentlalﬂ”buy

' If“ﬁcurves. Further 1nformatlon is necded to determlne the nature of th1s
’ ¥ 3 : ) It )

"state.

4Thé ?léCtrénic Sfete§ Trom confngratiOﬂ VII.efe of interc3£ sihceé <

?'fﬁ the oniy by st&ﬂc cohcsffrcm ﬁhisﬂconfigprcticn.' Iﬁ will'be aesumed 1h':Q.3:jL:
‘f“this discussicp that the:assignmeﬁt‘of all'MgO'eIectxonic.séates*IsI'
i'correct;"A.discussioﬁ of the boesibility tﬁat ﬁﬁe aseignment:is Incorrectgrdk

— ‘will beIpreeentedrlater in fhis'éaper; The Spllttnng of the states of

3

ol
Pl confaguratlon has been d1 cuesed for N

2
%ﬁ as '

7 the x and- Lhey may be

o rcpresented relative to_the
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vj‘where the constant° B, ¢ and D are 5 OOO, 36 900 and h 200 em” in the
' ”;{N molecule. 3 Assumlng the c and D states of MgO to be der:ved from%

Jei'molecular orbltal conflguration VII and assumlng the constant B to be

'“J;;‘dbout 5 000 em -1 in MgO the energ:es of all states of conrnguratlon ;

‘\ VII except the ;E whlch is assumed to be very h:gh in enorgy as in N2
"Lgimay be predlcted. . |
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¢Although the energles of these states cannot be accurately predlcted
iywithout further 1nformatnon, the prescnt ass1gnment comblned w1th avallableu;vei
vﬂ“experlmental,data does predlct flve electronlc states from conflguratlon ﬂ:”ffw7'

.* VII whose energles ‘are ]ess than 30 000 - e l{' Small changes in the Lo

4'5Qﬂ*constants B and D change the energles of the 32 and thc 3A.v For examp]e,e'f .

-1

3'7f; if B is / 500 em ~ the 3L from: thls conflguratlon w:ll be degenerate -

:f with’ the X Z (1) sLaLe. Furthermore the 32 state from fhis conflguratiou -

. 3+ _ o . ' :
' Wll] 5ntedeL with the Z from configuration II. The mutual repu1swon

' _‘vw111 dep;css the Jowerx energy 32 thus 1nchaslng the poss1b111ty of a:

:7very,low»ly1ng Lriplet state.



'“:flgvtwo conflguratxons g1v1ng %A states, but in view of the extreme

‘11-similar1ty of the spectroscoplc constants of the C and D states (see '5”5

- orbital conflguratlon From con31deratnon of the calculated orbltal

\ .

Since conflguratlon VII apnears to be the only reasonable conflgur-sl

'=vfation to account for a 12 electronzc state as’ 1ow in energy as 30 OOO

'W;cm l, thls conflguratJon ass1gnment is most probably correct. There areggfg,,ﬂ_f

‘“”MATable I). it seems qulte lnkely that they are from the same molecular'fﬁ;,

’:?;energlesel and the as31gnment of the C and D states of MgO to conflgur-ffﬁ

7 location of the spectrum in an inccnvenicnt spectral region.

*.ﬁ;j curve limit of the X-Z state to obtaan thc dlssoclatjon energy ThlS ft}flf”

f_.3molc (28 o000 cmql or 3 5 eV). Tranﬁplratnon exper:mentg

-{ at1on V]I, it seems probable that all elght conflguratlons of Table II jﬁ
:¥Hhave 1°W~]ylng electronlc SLateS' By applylng the normal selectlon |
ﬂglrules for electronlc trans:tlons to Lhe states of Table II, ten trlpleg;it
} tran51t10ne whose lower sgcte is e:ther H (II) or 32 (ITI) and 51xteenii? t
?f51nglgt t?an51t10ns whose lower St&t¢ is either Z.(I) or H(II) would fe
ﬁijbe brédicted: 'th ali cf‘these trensitiOHS'WOﬁld;be expected:tc bev

tFi,easily accessible for analysis.-due to overlap, inherent weakness, or ..

The Morse potentlal curves of the known states of MgO are shown 1n'ifc5l
«e_Flg. 2 and Table IV summdrlzes the Morse d1ssoc1atlon lJmlts and total o

cﬁ,_energy of dissociation products. The Jowcst energy dlss001ation

& products glvnng a 12 ‘state are the Ng( b) and 0( D) (see Flg. J) so '4““

© this GXC1tatl°n energy (15 868 em” ) must be subtraeted from the Morse»'ff“

value‘cf 13 400 em” (1 66 eV or 38 3 kcaL/mole) is consndcrab]y ]css A}:: .
25 value of.81 kcal/"

6,7

. than thefcorrectedee "Third Iaw" mass spcctrometrac
“have bcen f1jq:ff;'
' corrccted Lo give a dls oc1at10n encrgy of 83' kcal/mole which is felt‘ ‘f'

. 8 o
- to be reliable. " Fven higher dlss001at10n energies have been proposed.® -

* Sce Re:['f 29 p. 240 or Ref. 20 for swmarics.



V'“*e'lack of agreement between the spectroscoPic expernmental dissoc1atlon
o 15mits is that MgO has a trip]et state (or states) “lower in energy than

", the x5,

”if'ionic character of the MgO bondlng makes the Morse curve approxlmationv‘

?’>ej_5very 1naccurate. The alkall metal halldeq extrapolate to d15$001at10n

";fwaccepted valueq 29 It is felt that evndence for this occurence 1n MgO

“3u'and some- ev1dence to the contrary eY1sts,

‘”~fff.the alkall metal halldes are often as large or 1arger than the ‘

Although the vibrational structure of the xlz state appears
normal to v~7, interactlons nearer the dlssoc1atlon limlt could make the

" potentlal curve behave anamalously. Another suggestion to explaln the

1+

A third alternatlve explanation 1s that the prev1ously dlscussed o

':°energ1es in the Morse potentlal approx1mat10n that are lower than the

:'should be the fallure of & two term expan51on in (v + 2) to fit the ,f

fﬂ-vibratlonal levels of the xlz state. : This ev1dence is not avallable

23

‘Since the dJscrepanc1es_;ng

'“vdlscrepancy 1n MgO thls explanatlon must be con31dered p0351ble for a]l

ff-or part of thevdlfference. A study of the hlgher v1bratnonal leve]s of
51 : ) L

fi “the ) X P state wou]d be useful to c]arlfy thls p01nt
Attentlon should be called t0 the dlssoc1at10n llmlts of other ?iiﬁgﬁ

Egstates in Table IV. The Aln state goes to near]y the same ]1m1t as the 37

J»X'Z_ state. Thls is cons1stent with d1ssoc1at:on to Mg( S) and O(ID)

. _'1
~ The B'YX state is exeeptlonally stable and may be conS1derab1y affectedif o

o by the molecular states from Mg+vand 0.




NONEI KRSy

'H*f}The ClZ’rand:b%AJStatetheye:sheiioﬁdpofeﬁtiele'epberehtly going :fg

v-;fto the same llmlt. The lowest dlssoc1at10n products glVlng both a 12

4Qf;9and a %A state are Mﬂ(3P) and 0(3P) The correspondlng dlssoclation fﬁ TR

‘”v;tenergy of 26 700 cm (3 31 eV or 76 3 kca]/mole) is cons1derably c]oser piIn T

- {to an acceptable value than that obtalned from the extrapolatlons of the

‘il;yAlﬂﬂand the xlz states. The molecular orbltal conflguratlon VIl-

“:'ass1gned to the ClZ and DlA states comes from the plomotlon of ‘a 2n aE

= electron which is largely 2pn on oxygen to a 3n orbltal Wthh 1s largely

i_3pn on magne31um The bondlng in these two states therefore 1s."

17”;_Ycon91derably ]esq ionic in character than in the AlH (II) and the. '»fﬁ{

E (I) Fxtrapolatlon.by Morse curves may be expected to be more reliabl
'hftJand henco the d1saoclutjon cncrgy dutvrm!nod f&om Lheeo atates 18 probab\y q'“i

' more accurate.

It is p0531b1e that the C 2‘ and D%A d:ssoclate to more hlghly

—— ey

{*E;lexc1ted products, but thls seems unllke]y since 1t wou}d require a large

K

””einumber of’add:tlonal electronlc states lower Jn energy than these two

'7,' if the non-cr0331ng rule ho]ds. It may be concluded that .if there are
“"{{,e]ectronlc states lower 1n energy than the XIZ ) they are probably not"

- very much lower ThlS correlatlon prov1des a more strlngent 11m1t on
?states 1owe2 than Lhe X Z ‘than docs the d:screpancy between the'

:fffextrapo]atnons of the XIZ and the correct dlSSOClatlon energy

If the 001re1at10n of the D A;to Mn(gP) and o(3p) d18$001atlon o

“;i products is correct then another A.state musL exast below 30 OOO cm ;f~hiu.'“

: ~ngh1ch corrclatef to the Ng( S) and. O( D) Most probably this lA comes

'ffr-from conf:guratron IV of Tdb]e II - Since by Hund's ru]es the 3? fzom

" this conflLquLJon is lower in enerﬂy than the ]A: thrs correlatlon

" gives further ev;dence for the existence of a low-lying triplet state.




o wmsasys

'flf;p;;;iélrf."f;'uxi : ) j{
| The correlatlons presented’seem reasonable and‘cons1stent w1th diff}ff:f“
K . .avallable data : Addltlonal experlmontal work w111 be. necessary toiéi?"Li? :?;
;L R unamblguously solve the dlscrepancy betveen the SPéCtrOSCOPlC and therﬁo;'{'
i"dynamlc data.' The determlnatlon of’ the energles of low lylng trlplet |
- ‘&:states is of prlme Jmportance. | o | | | “
\ ExPERIMENTALp‘“
| oy X
'f"igggv_?f;-[fav A. chpuLer Program : -
'!?'leél;jlfl};i;;"- The rotational energy of MgO requires three terms-in tbe exP&QSiOﬁ

i,

. of J(J + l) in order to adequately represent the observed rotatlonal

:}Llenergy levels at high J 18" Many band heads of the V1olet system occur

at high J due to the s:mllarlty of B, ' and B " ' 1he complex v1olet

‘{'“.spectrum of MgO and MgOH ha° two assigncd transitlons, the CJZ -A]H ‘

_,_}‘and the DlArA 1 of Mgo Only lines. of the (0,0) and (1, 1) bands of each

17,18

n’ftransntlon have been rotat:onally analyzed In order to properly !fﬁ;;f}=f

'as31gn other band heads Jn the spectral reglon 3600 MOOO A accurate

"'f'calculatnons were needed for the wavelengths of other v1brat10nal bands

» -~ of these kriovn transitions. T d_V."'.- L 'ﬁ-" flfi:.‘”'V

'A computer program Was'written;to calculate‘the‘navelengtb in aif'*
‘--tandIWave number in vacuum of band heads belonglng to e]ectron1c tran31tlons"5
.~ for which the spectroscoplc constants of both states are known. Eq (l) 'Tfl'

is. bhe cublc equatlon to be solved to determlne the J value at thch a-

- . P-branch forms a head.

3



. ff(l)lls;liifl

This equation is derlved from approximatlng the. rotational energles _@'fgﬁ'

‘vff;of the upper and lowcr states by

4 where B = Be - G. (V + -1<) andD D + B (V + 2) A CU.bic |

vr;equatlon s1m11ar to Eq. (l) must be solved to determlne the J value of

"k';an R head Q~heads are easily calculated since they oceur at the orlgln
It should be noted that determlnatlon of the band head by approx- “;:

Flflmatlng F, (J) = B J(J + 1) gave erroneous and inaccurate 1esults.- Iﬁ §2Q;;Jj:"

'y?some cases thns approxnmatlon predlcted a band head in the wrong branch.'f;?y
%g-B Magne51um Ox1de Arc

- VIn order to reduce contamlnatlon of the MGO spectrum by OH and
ﬁf,v7f,and MnOH a vacuun arc system was constructed Back&round pressures ';"' o

L*”;less Lhan lO 5 Torr were obtalned wnth a 10 cm dlameter 011 d1ffus1on

'.pump and by pass1ng the oxygen gas over. phosphorous pentox1de and

FRE through a 1Jqu1d nltrogen trap The - arc electrodes were tungsten rods
Jf_passed £hrough pyrcx with Kovar seals A coppcr adapter to Lhe cathode“
held magneslum meta] An air flow outs1de Lhe vacuum system cooled the‘ifvll
““'anode Exposure t:mes were llmnted Lo 30 to 90 seconds by over- heat:ngu;dhf

- 'of the anodc A Varldble reslstdncc adJustcd the D.C. cuzrcnt Tlow to‘rf”

l o to 1 5A. The arc vas run in a closed system with 1bout 1-10 Torr

. of oxygen. . {
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The image of the arc was focussed onto the Sllt of a O 75 m Spex
spectrograph hav1ng a Czerny Turner klnematlc mount A one m:cron ;i:;;'xldl_
ﬂvb]aze gratlng w1th 600 llne/mm was used in thlrd order for study of the ?i
:v1olet band.systems The rec1procal 11near dlsper31on was about 7 l A/mm iaf}{i;
.fh;;:and w1th a ten m1cron spectrograph sllt the resolut:on was O 07 A.
”fléf The spectrum was photogzaphed on Kodak 103a-0 photographlc plates ' An:p;Ff‘:
'jﬁdgiiOsram Hg/Cd spectral lamp was used as the source of standard llnes. B

v

 The photographlc plates were measured Wlth a comparator All

3oi?

A “1;standard line wavelengths 1n air were taken from the M I T. Tables
_)iA computer program was wrltten whnch calculated K} Jeast squares polynomialf
:; fit for the Wa"’elfﬂ’lgths in terms of the measured comparator distance TJY'
””;;fus1ng the standard line wavelengths. Th1s polynomlal was then applled

" . to the comparator:measurements of the unknown spectral features.. Second. AT

‘:"order polynomial fits-werevused Since'higher order fits eXceeded’the'ﬁ

ziaccuracy of the'comparator measurements.

Both the anLlengths in air and wave numbers 1n vacuum are reported

31

H.::‘The formula of" Edlen .waszused with a small correctlon to the refractivepﬁg
".5ndex of air for water vapor contcnt. All wave]engths and. wave number |
reported are the average of a minlmum of flve independent measuremcnts.'.f
” f'A_Ste}nhell_prlsm instrument vas usedjlnvpart of this work in a
a’?vi'Raman Spectral arrangement; The collimator focal.lengthVwas*lészmmiv5;
-and the' camera focal” length was 255 mn. The 1nstrument aperture vas f/h
J,Both a three glass pszm and a two- quartz -prism arrangement were used : R

Kodak ]03a 1 3) mm fllm was used in a curved fOCal p]ane holder to

'.obtaln simultaneous focus of all wavelength of 1nterest.
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clz -Aln and DlA-A' H-Band Heads

_:.A

Table V compares the computer calculated band heads of the ClZ —AIH.‘

?liand D ArA H tranS1tlons to the observed band heads and to the una351gned
df‘band heads reported by Pesic and Gaydon £ 12 Barrow and Crawford6

":n observed many of the ‘same band heads, but thelr spectrum was cons1derab1y

V». overlapped and their observatlons are not_as,complete, Verhaeghe .

Afirst reported fhe wavelengfhs for a‘number of thesehband'heads. 'None‘v

;;;of the prev1ous workers were able to as31gn the observcd band heads to CooE

ﬁ-”;?a partlcular electronlc trans1t10n All band heads reported 1n Table V
.gf;are'glven as Qy " RVJV",'etc ’ and the J at whlch the P or R heads

Kiioccur is glven Flg 3 shows a dens;tometer tra01ng of the (O O)

>;;vsequence of both band systems

. The agreement between the computer caicu]ated band heads and those -
rﬂiobserved is always w1th1n 1. 0 cm'l and usually w1th1n 0.2 om’ l: .Ati_
‘ﬂ{i;notlceable exceptlon is the th band head of the C 2 -Aln tran51tlon.u

‘.:[.The agreement of the measurement of thws band head w1th that of Pe81cvnadﬁﬁ:ef3"
"HE'suggests that elther an unknown feature in the same reg:on obscurred :

‘?;ffthe band head or that the head 1s perturbed

The ass Jgnment of the (O l) sequence of the C 1y —Aln band system‘if-

‘Viﬁa,ls dlfflcult due to overlap from some v1olet degraded features whlch do
‘f{ not appear to form a- regu]ar serles of band heads No prev1ous workers
liiihawc reportcd heads that correspond to the ca]culated ‘heads of thls

B ?flsequence.' Spec1a1 attent10n~was dlrected‘toward-the'obServatlon and:

‘f;ﬁffmcasurcment of thls sequencc, but all photographlc plates gave -

P bscurllng fcatures in- ths wave]enth rcg1on The Franck~Condonf PR

4
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v_factors of the (0 O) sequence are. very much 1arger than those of the

yl

(o, 1) sequence . for the D A-Aln tran51t30n32 and by inference for the }57i€f\

e ClL'-Aln transit:on also. Due to the. much greater exposure tlmes }f‘t.dif"-
'?requlred for plates in this wave]ength region, it is felt the obscurring i,!@v}f

f'features are probab]y due to impurltles present in trace amounts and to jff"”

. o e lines from the P branches of the known tranS1tions rather than features :gi;

‘,*,'due to unldentlfled MgO bands

Only the theads of the (0 l) Sequence of the D%A Aln transitions o .

were observed bccausc of the high J value of the head for the first few }M

15?_members of the sequence of R blanches Flg h shows the den81tometer

-

",trac1ng of thls sequence..°‘
No other sequences of elther the clz —AlH or theiD%&—A 1L tran31—_e%
{hﬁfytrons cou]d be observed . The computer calculated band heads are |
wi”ﬁ?f::?;;;ﬁ15;;1ncluded in Table \' for other sequences whlch mlght appear.ln strongly
' A iif;overexposed plates Noiheads areallsted where thebeofvthe~head-is_:ﬁﬁihl’}h

. larger than 100.

~.The average error of experimental observation and meaSurement‘is b~'”‘"“"“"

:t_about 0.1 em -1 for the strong features and is s11ghtly 1arger for some. i

“}{fryeaker ones. An uncertalnty of about O 2 em l - should’ be attached to S
the:leading'members of each sequence.
. The isotope Mgolaﬁmolecule has been observed by Pesic7.in-this.J SR

33

.spectral reglon Comnarison is made eiseuhcre of_compﬁtgf galcﬁlégéé;'l
‘“f.band heads to these observatlons. Littie additional informatton isi;i

| gained”by this comparison; ng25~and Mg26 constitute.slightlvvmore than_:t :.:'V
- 10% cach of natura]ly occurrlng magnes1um and m1ght be expccfed to o
..contrabutc weak fcaturc to the v:olet spcctzum None of thc observéd

.band hCads could be ass1gned to either 1°otopc ox1do CalculatedbbandAt:

33

_‘hcads for these Jsot0pnc oxides are reported c]sewhomc
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;iﬁ New Vlo]et.Band Systcms g
L Of primary importance in bhls work is.the determinatron of‘unassigne
‘fiiband systems belonalng to Lhe MgO molecule.; fhe.complex-v1olet sPechum_
:shas band heads due. to two MgO tran81t10ns whlch have now been accurately:
vcalculated 1nclud1ng 1sotopic band heads. Substantia] reduction of. the -
'E;inten31ty of the 'OH band heads Jn the reglon 3000 to 3100 A and total ’
fiellmlnatlon of the band heads in the reglon flom 3600 to. hOOO A .
f;attrlbuted to MgOH12 1mp11es that any remalnlng band heads are mosb‘dd
;;probably due to the MgO molecule | | - o v | o
; In the reglon from 3600 to MOOO A two unass:gned band Systems
: appear to be due to MgO Tab]e VI glves the wavelengths and wave numbers;
m}of six members of a red degraded sequence beglnnlng at 3672 K Pesxc7ir
%:observed the flrst four members w1th both Mg016 and MgO 8 and the fff"b
ircorrespondnng 1sotope shlft 1nd:cated a (O O) sequénce { Flg 5 showsu
i'a densntometer traclng of" thls system Its 1nten51ty is less than the
‘?57(0 0) sequences of the two known transltlons, but greater than Lhat of wb
?:2dthe (o, J) sequence of the D ArA H | The band heads are represented w:th

i 9; L
%fian average error of 1ess than 0.1 cm -1 by the'fcllcwlng fcrmnlar_f-'

= 27 233:32 - 17.50(v + }) - 1Lo6(vl4 %9?‘;d

The second band systcm, whlch was’ observed but not measured in: thls:fi7fi7d

vvwork, is the stroncest feature in LhJs wavelength reg:on It has vnolet,}f’T”'

I
3t at 3720 r, 3/21 o and 3791 l: A Thése band\heads

- ovcrlap the expected band ‘heads of the (1 O) scqucnce of the D%A—A H

C{degradcd band heads

f,tIans1tJon, but are not due to this transmtlon v The observed 1sotope‘ﬁ
“rshlft7 of Lhesc bands Jnd]cate a (O O) scqucnce The close upacmg of sff57'5i
'f thc bands i, JndJcatave of & t}ansjtwon bctneon stnieﬂ wnth 1mx1ar -s E‘.:?73b

"spcotaoscopic con*Lunlw.
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A search of the spectral reglon from 2500 to hOOO A was carrled out |

ff!in an attempt to flnd new band systems of MgO Partlcular attention :

vas paid to the reglon around 3000 A whlch is totally domlnated by OH

1:.bands in sPectral sources where OH is not suppressed No band systems j[lfb.

I could be found although several features were measured33 whlch could

| ?7;;not be attrlbuted to MgO or‘snspected.lmpur;tles,

’5f5i-C- POSSlble ‘MgO Trlplet States
As pointed out earller the ClZ and D A states have extremelyuof

{ s1m11ar spectroscoplc constants and a small energy separatlon (see

ficloseness of' the constants suggests that they mlght be a 31ng]e state

The most unamblguous detezmlnatlon of two electronlc trans:tlons

ﬂ,fﬁ[ !fiﬁﬁ:;fff{For a given v1brat10nal leve] the second dlfferences are identical for

j;f; perturbed by other electronlc statcs.

R(J - 1) - P(J 4 1)‘

AQFf(i) T
. j(quu . 6Dv")(J + ) . 8D "(J + 2)3 f‘ X

. 3
e

A R(J) : B(3)

A

“%7:states are actually trlp]et state sub levels some tests were made 1The?{

’-ahav1nn a state in common is a comparlson of the second dlffcrences._“’ ‘

”2-{&11 electronlc tran51t10ns 1nvo]v1ng that state even lf that state 1s-1f;

J,Table I). TO test the hyPotheS1s that these two reported e]ectronlc"':"

<“B 6D, ) : 8n '<J~£ )3 <z>




T

._“ ;

From the available experlmental data, the second differences were

_calculated for the lower state of the red system and the two v1olet

' systems (A H) for the v 0 and V" l levels Agreement was found e

,;}A among the second dlfferences withln experlmental error 1heoret1cal

1

f 7 second dlfferences vere calculated from the knomn.spectrosc0p1c constants
““:uu51ng Eq.ﬁ(3) For the Aln these theoretlcal values agree well w1th the: o
“"p experlmentally determlned ones. | | “ 'r:
The - theoretlcal second dlfferences for the ClZ and D%A were found r;;
to dlffer s1gn1f1cantly from: each other only at J values greater than f;f
H:} about 65 “This is just outside the experlmental range of observatlon
- The second dlfferences calculated from the experlmental rotat:onal llnes ﬂ:;i
5 are found to be the‘same wlthln-experlmental error.for the C]Z ,and
Ji'D¥A states. | | .

.

The agreement among the secondfdifferences'would alldw analysis of.

the v1olct systems elther w1th a common upper state or a common lower ;;'

:C state The reported 1ack of - X type doublrng in the ClZ -A]H trans1t10n,

gr; the observed A= type doubllng in the D]A A I tran31tlon and the observatlon

.liithat the R(O) line is missing in the D ArA H Lrans1t10n18 is cons1stent_i;ﬁp1‘ .

with the present ass1gnment. However it is also cons1stent w1th the .

311 35t

7 expected behevior of transitlons between components of a

R ‘trans1t10n w1th some case ¢ character

It wou]d be expccted that the f~value of & s1nglet trlplet trans1t10n ;fnryfl

viwwould be. at ]east ) Tactor of 102 smaller than the f—va]ue of an allowed ffpaﬁ
Ji:transntlon Thc v1olet red and grccn band systems vere photographed

's1multanrou°]y on 303 a P f:lm using Lhc Stelnh51] Qualrtatlve account

.. was taken of the Tilm spectral sens1le1ty,vt1ansm1ssion of the prisms~ -l

and the variation of spectrograph dispersion with wavelength;
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SN ?.:;ff5td | CaTculations show that the rotational lines oT therwlcletband greeni}
Co systems, where the rotational constants of the upper and lower states{ff"y
fffare 51m11ar, are closely spacad 1ead1ng to enhanced band head radlances ::;{’fi:;
;w1th low resolutlon compared to the red system, where B E and B "aieff*’
}.3rsubstant1ally dlfferent s0 that the P heads occur near the orlgln and .

' the spac1ng of P-llnes increases rapldly-away from the head. ‘The red vvff

f'and green systems have a common upper state so thelr em1831on radlances_kﬂh,

;';wa are dlrectly comparable. The v1olet upper states’ may have populatlons :;F

:t'whlch are. not easxly comparable to the BlE

It was qualltatlvely concluded that the four known band systems of>

A Q?ngO are of comparable radlance. The exper1menta1 resul+s indlcate

}4fé -values are probably w1th1n an order of magnltude

: To further test the p0551b1e a351gnment of the v1olet bands to a

C 33yt 35

PN trans1t10n, calculatlons were made u51ng the formulas of Budo

3

f}for the twenty seven branchcs of & 35- I electronlc tranS1tlon These ej-ff““

iﬁ'Hon] London formu]as or 11ne strengths glve the 1ntens1ty of a rotatlonalv
}11neAapart from the Franck-Condon factor, the Boltzmann factor and the 71“'10
?ETe1ectronic f—va]ue Relatlve branch 1ntens1t1es as ‘a functlon.of J were
”‘%determlned for varlous degrees of‘couplnng 1ntermed1ate between ‘Hund ' s'ﬂ

3

ich-cases a and b. 'For a H in case a, the sublevel spllttlngs between thef_.-’a '

“Q = 2,1 and 0 components are both equal to A the spln orblt coupllng

"“.constant-36 From the observed energy splitting between the C—A and DA

‘:tii:; :;v o transztlons, the va1ue of the hypothct:cal tr1plet A va]ue is 229 cm -1 _T

]'ifor-the‘BH assum1ng the splitting to be negllglble in the 3;.
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The exact relatlve inten31t1es are a functlon of J The follow1ng
,;,:qualltatlve conc]u31ons were drawn for a J of about flfty In the case

;h?hb llmlt (A"O)’ only ‘the, Pl’ Ql’ 17 P, > Q2 R Q and R branches f

3’ 3 3

:; are of 31gn1f1cant 1nten51ty (one P, Q and R branch per sublevel) n ¥
'"€ _the case a llmlt where A is 1arge, twenty seven branches have some 57:'
intensity and twenty-four of them are W1th1n 8 factor of flve at a J of

| ff“ flfty.' Using the A value of 229 et and the B value of the at n stateL"

O

: J{.the case a 11m1t is closely approached

, CONcms'chsV T
'_,‘AlthOUGh genera]ly states of the same molecular configuration have»ff~ L
;isimllar spectroscoplc constants, the constants of the ¢ E and D A ¥-¥fh_1;n£;,”j

V~;;.states of MaO are experlmentally 1nd1st1ngulshable It does not appear ”‘

:?EPOSSlble to exp]aln this ‘occurrence on the bas:s of strong m1x1ng of thegf
f;;;,two states since the AU\se]ectlon ru]e29’36 forblds 1t. It 1s hlghly “
A{‘funllkely that a 32—3H trdnqltlon (Or vrce’versa) mlght be mlstaken for SR
?';{‘mu1t1p3e s1ng1et tranS1L10ns in any couleng case 1ntermed1ate between ;a%ﬁ
,:l;?ifa and b. If the C and D states of MgO were components of a 32 3
igz.tran81t1°n’ one would exPect a 1arge addat:onal number of branches whose.szf;f
‘::radlance is comparable,to.the observed branchesr- Furthermore, the fouri;;\fA?
. known electronnc trans:tlons have radlances whrch aremoualltatlvely the
'same order of magn1tude, apparentiy rullng out a possxble 1ntercomb1nat10n-
. trans;tlon aHSLgnmenL "The reason for. thc slmllarnty of the spectroscoplc,;& -
Tl:iICOnStantg'Of the dlL and A states of Mg0 remains Lo be explanncd

However it does now. appexr unllke1y that the C %7 and D Fa) states are'“'

triplct uublevel<



,'t; hcomputer calculated wavelengths. ThlS agreement, where comparlson can
'"'*;ir'be made, suggests the . calculated but unobserved band heads are” accurate
"iﬁéf:thus allow1ng confldence in a581gn1ng band heads in. th1s spectral reglon

“ffilto other trans1t10ns
“1,53672 A 1s NgO The ser:es of s1x band heads measured in thls work form
"a (o, 0) sequence whlch flts the expected second order equatlon well
"ffzﬂlgh resolutlon analys1s of thls ystem could be of value for- fUrther ;fﬂ“iﬁjik

“:'junderstandlng of MgO electronlc states

o although the structure is unllke any known MGO band system The substan—'

'vconfnguratlons whlch may have low—lang e]cctronnc states. Quantltatlve

'include excitation'of the 3ﬂ orbntal. Thls 001re1at10n suggests e:ght

Many of the previously una381gned band heads ln the violet spectrum |

of magne51um oxide are now ass1gned The (O O) sequence band heads of ,
1 S

the C 2 -A 1l and. D A—A m band systems have been calculated and observed. .

‘T‘Some of the weaker heads have been observed and they also agree w1th the Lo

: It is concluded that the emltter of the band sequence beginnlng at

It is conc]uded that the strong features near 3720 A are due to MgO"

EE tlal reduction of the OH bands near 3000 A suggests that 1mpur1t1es such
:*-'as MGOH snould appear only weakly if at all The upper and lower states l“
'fﬂfrmust have nearly 1dent1cal w% va]ues s1nce there is no apparent

5{‘5dcvc30pmcnt of & (0 O) sequence.

Corre]at:on of mo]ccular orbital conflgurations and the known i:d

,,electronlc states of McO seems reasonable. Of part1cular 1nterest 15'5,

the-low energy of the l’f whose molecular orbltal conflguratnon must Tf" s

 prediction of the cnelgles of trlplet states is not pOSSlblC due to the ‘

lack of sufflclent experlmental data. Tt is concluded that several _”

: tr:plet states of MBO should bc 1ou- -lying and it secms poss:blc that the

.clcctronlc ground state could be g triplet.



":i;fstates in. MgO 1ower in energy than the X

.r'ftlon of the extrapolatlons of the C Z and D%A states glves strong

. UCRL-18835

The dlssociatlon energy dlscrcpancy may be exp1a1ned by electronlc

]2+ by 8 drast1c change 1n the

:ﬁiform of the pOuential curve of the X Z state at hlgh v1bratlonal quantum

{f'fnumber, or by the inddequacy of the Morse curve’ approx1matlon. Cons1dera- ;i"

yi,ev1dence that the ionlc bondlng of the x* Z and A H states accounts for f”?’i
ﬂ7vpart or all of the dlscrepancy
Although progress has been made in the understandlng of MgO electronlc

flfystates, a magor conc]us1on of thls work 1s that a great deal more

‘f'experlmental ev1dence is rieeded. The internal partltlon functlon °f

‘hl'NgO w1ll rcmain uncertaln untll the contrlbutlon of trlplet states can . :”"h' .

:‘accurately be determlned Other types of eXC1tatlon of" the MﬁO spectrum i

.?fsuch as hollow cathode or flames mlght preferentlally exc1te one band

system w1thout Jnterference from others | Chemllumlnescence experlmental

- Y

-ﬂl ev1dence mlght be useful and a more thorough search of thc MgO spectrum L

'*eilorbltals of MHO Hlsvdlscu551on5“have been most<va]uable"f

‘ff‘-Atomlc Energy Commwss:on

T may we]l show some additlonal band systems capab]e of analysrs.
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" Spectroscopic Constants for Knom States of Mg0 fnem™ | .

Cconstant  xx'  am T BE o pla

LT - 0.0 36327 19.983.95 - 29 851.63 . 30 080.95
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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