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ABSTRACT, .', 
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,The nature of the known electronic states of gaseous magnesium 

: oxide is discussed. Predictions are made of unobserved electronic states '" 

.' and their possible effect on the MgO spectrum. Dissociation products of 
' .. 

.,!:'. 

the known states are suggested and the discrepancy bet, ... een the spectro-

",' • '! scopic extrapolation and the presently accepted dissociation ene.rgy' of 
'\, 

',' 

.. , 

" 
.'. 

MgO is discussed. Assignments are mad.e to a number of previously 

unassigned band heads in the violet spectrum of l-1e;O. T\'lO addHional 

band systems in the violet region are assigned to the l-1g0 molecule. The'.' 

11· 
'possible assignment of the C Irand D 6' states of MgO to triplets. is 

considered. 
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',.' . ,t-4 ,,"""", 
" The gaseous MgOm6lecule has a red band system 'assigned' to 

BIIt_A lIT; a green band s~steml-8 attri~uted 'to BIL:+~XlL:+ and a complex.' 
' .. 

violet spectrum. At,least two emitters give band heads in the region (. .. '~ 

. . o· . 
from 3600 to 4000 A,. namely MgO and MgOH. Extensive overlap ,of bands .', ~, . , . • . > J '" ~., '.. ~ 

has made early-analyses difficult 

." . 6 9-16 . 
been reported.' . Recently high 

and only unassigned band heads have :, \" ,", 

resolution studies17,18have assigned .' 

two MgO electronic transitions ~li thin the violet region. The medium 
',- " 

resolution arc spectrum of MeO has been re~c:xamined in the violet region 

. from' a source in which the contamination from MgOH has been ,reduced in' 

'<. ,'. 

,,' 

.. .',', 

...... '. 

"order to determine vlhich bands could be attributed to transiUons 

between knovln .electron states and '\-lhich to new transitions. A consid-

eration of the knm-/n. electronic. states has been undertaken in order to 

assign molecular orbital configurations and to predict which other 

electronic states may be important in the MgO molecule. 

. ~, 

THEORY. 

:-, '. 

Table I·summarizes the experimental, data for'thestates of the' 

violet bands
l8

,. the green and r~d bands. 3 The spcctroscoplcconstE:l.nts 

',of the~ C and D states are of special interest. '1lhe small energy 

separation (229 cm~l). reported behrecn these states and the extreme' 

". '. 

simna.rity of the spectroscopj,c constants leads to speculati.on that thc' 

C and.D states could actually be components of a triplet state. :This 

, poi.ntvli.ll be discussed la.ter in connectlon with calculnti.ons and. 

:. ' 



: ~ " , !.:: ~ , 

,'~';'.' ", ",";, ;'UCRL";lBB35, 
"' . .':.' , . 

',I ' 

" , .... '. ~. ~ , ' .. :.... : ' . 
,'.' " . 

". ',', 
.. ': " 

:, ( ~ 

" , 
"~,,, ' 

, ':,,:' . ";., 
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" 
",' . '\ .. ' , ", . 

',,;.'.>' 

. " :' ,,' .' . ~ 'one Of'th~ 'most striking results'of aCbn.sicleration of' the 
',_ ' .f',-

i, •. , I ::', 
': ", 

", :," 

,,' 

molecular states arisi.!lg: f'rom various atomic states of' magnesitjIn 

oxygen is that only triplet molecular states 

"', .1'·· atoms as shown in Fig. 1. The ,atomic energylevel~ have been taken ' ..... ,:. 

"'41, 
" , 

" ... "t. 

',.i ,',' 

,I. :~. , 

! .;.' 

" :" ... ' 
',",' 

..... ... ', 

",' . , , ... ". ~T 

, 19 ' 
from Moore. The lowest atomicconf'iguration which gives singlet 

electronic molecular state's is 15 B6.8 em -1 above the 

A. singlet molecular ground-state f'rom neutral a.toms would be expected 

only if' the bonding energy' between magnesium IS and 'oxygen 1n fs at 
" 

least 15 B6B cm- l greater than the bonding bebleen magnesium 1S and 

oxygen 3p . 
-, ',.' 

, . ." 

Using'an ionization potential of 61 669 cm-l 

an electron affinity of 11 B57 c~ -1 for oxygen'20 I 

~ :' ... ' 

for magnesium19and ':; ,,'" 
, ",: _':i .. · 

the ground',;.sta.te ions"" 

" lie a.bout!~9 800 cm-1 above the ground-state of the neutral. atoms. 

, ,J." , 
"i This is low enough t~have a considerable effect on the character of 

,r, ." . ; <', 

.,.'.\ 

',,;, 

.", " 

the low-lying ele.ctronic states if it does not in fact give rise to the" 
.' .1, 

molecular ground-state . 

Since five electronic states have.now been characterized,for M~O; 

a thorough consideratJon of the molecul'ar orbitals and assj'.gnment of 

the kno,'in states to p~rti.cular c'onfigurations' seems useful. Of 

. particular interest is the estimation, of the number and possible 

"," 

,", ••• r 

energies of triplet electronic states and the prediction of which: " 

electroriic transitions shOUld be available for analys:i.s of the MgO 

spectrum. The 1J'£hird-LavrlJ determination of the dissoclationenergy" 

.... , ' 

of ' the HCO molecule depends on the en~rgies of Iml-ly:ing, electronic, ' 

, 'states, 'especially triplet states ",hose largeclegcneracy can appreciably 

affect the internal partHion funct:i.on. 
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"':. Ta.ble IIpre'sent's, the molecular ,orbital configurations and ,'"'.; , 

ro·,"', '. 

;' " . . ' 

corresponding electronic states wM.chmay be expected to be low in energy.', 
. . 

Est'imation of which orbitals are low-lying is based on the c'alculated. 
',' ... 

. orbital energies 'of McLean and Yoshimine~n for the molecular orbital 
'. '. 

configuration I of Table II. Eight configurations are considered 

. 22 ..' ~.'~! _ 
involving single and double excitations from the calculated electron1c. . '. 

- . ' '. '.'; 
",- ~ ", .. ~ 

ground-state (configuration I). 
',.,.' 

Table III shol-/S the term. energies of a limited. :basis set !jjAO MO SCF .. '~'., ~ " ,. 

" .calculation of configurations I, II, and III.,22. ,A semi-empir'ical 

'.: t- ',' 
. .. :~ -: 

" " .... 

. correlation energy correction is included in the ~nergles of Table Ill •. 

Bef6recorrection~ the 3rr .(configurati0l1II) and 3r:+(III) were approxi-
1 . , . 

'-1 .. 1 .... 
mately 12 000 and 9 000 cm' lower in energy than the r: (I). The 

, .. ',' 
, ':'~' 

unccrtid.nty j n trw usc of a l:l.mi ted ll(\.S is set and, in appJJ,cntlon of 
, 

, . 

correlation effects leaves opcn th'e poss:l.bllHy that MgO has a triplet 
. '. 

'electronic ground-state. The calculations suggest at 'least ",two .10\,,-lying 

." ".', 
'"j-

i 
. , ' ... ' -I' 

., . . .... .~ . ... ~ . ", '". I. 

". '." , 
r 

. '. 

. ,'. 
,.' 

, .. ~ 

., 

triplet electronic states. 

A qualitative ·analysis-x· of the. configurations I, II and III ShO\'lS' 

. the 50 orbital is very largely 2s AO centered,' on the oxygen atom; the 

2,( orbital is largely 2pll AO centered on oxygen with some 3Pll and 3d,( 

on Mg and the 70 orbital is mostly 3s AO on Mg with some 3po on Me; and 

some 2p0 on. O. The 60 orbital is 1~5~ 3s. on Mg and 55% 2p0 on 0 in 

' . 

'i 

iCApartial population analysis was,used in ref. 22 for estimation of~' 

corre).ati.on energies. Ref. 21 contains information on cal~ulations with 

, a larger. basis set for configuration I from which estimates of a popula-' 

tion ane.lynis flW.y be macle . 

" .. '. 

--., --': " 

I 
I 
I 
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, " 

, '-7- . <'>-, ' 

" ';' " ", "" '"C,: '," , , > ", ' ,',' 22 . ~ . 

"' ".,." 

,,:,: 

. f' 
" -<' 

, ,confiSu!ati~:m rVlhilel t i~ almost entirely 2pa, in configuration III. 
:. .. ' 

So the low:"lying molecular, orbitalco~figuratioh~ar~ qui~e ionic iJl 

,characte~ being very nearly like Mg+ and 0- for configurations I J II and ," 
·OJ.' 

III. The 3,( orbital is largely 3plC on Mg. 

,,' 

. '. .- ~ 

.':', 

, ., ..... \. 
I ' .. ' It is difficult to assign the observed electronic states of MgO to 

,'.'. : ' .. ; 

" (, 

particular molecular orbital configurations because configuration mixing 

'J 

i + ' 
'" can be exPected to be quite important. There are five L states and 

.' .:'. :.' ·'i.' 
; .' 

, 1 
"three :n states listed in Table II which may interact." From the atomic 

" " 

" :-iviewpoin:t~ the four molecular states from the ground-state atomic ions , , .... ' .. 

,i' ,;" ',~, ,c8.!l be eXpected to interact with molecular states from neutral atoms 
.. -'" 

, ' ... \': 
'causing unusual and irregular, potential curves. "'."; 

.... , 
, , " 1 + .'" :.. 

,~ .. ' .,., . It is postulated that the X L: state of Me;O is associated ,\'1i th . ' 

.' ;. '~; ',~. T" 
.. j", 

',1. 

"" .... 

'" 

. ,," 

':." -; 

\".: 
,'",':. 

t " ... 

iJ ,', 
., .. 

" . ~. 

" 

',' . 

.... ' 

]' '.. 1 + ' ."~' 

:'; ',confiBura.tion r and the A ']I state vii th confleuration II. The B L state 

, ;, 

is lj.l~ely a mixture of cohfiBurations J perhaps very complex. Its steep " 

potentlal curve (see Table IV and II'ig. ,2) suc;gests' 'Llnusunl behavior ancl 

,ir~egularities In vibr~tiona~ structur'e23 suggest interacUonof potential 

curves. Further information is needed to determi,ne the nature of this 
," ,:, ", '" r ~~ 

, state. 

'The electronic states from configuration VII are of interest since' 

the only J.>::- sta.te comes: :{'rom this' conr:l,curaUon.' It wUl bo EtSsumed 1.n 

this discussion that the assignment, of allMgO electronic states is 

,; 

, " , 

' ....... . 

. '. , 

correct.' A discussion of the possibilHy that the assignment ,is incorrect' 

will be presented later in this paper. The splitting of the states of 

,', the lC3lC 'conf1guration has been di.scussed21~ for N2 and they may be 

represented relative to the 3L\ as 



.... ,\ 

. > 

.. '.' 
, , , 

" '.' 

" ' 

"" 
;'" , 

.. . ",: : .... 

,'" 

, , 

',:; 

, ,:,' 

, '1 + ,,;" , " 
6E( E .) ,=' -2B + 4c 

&:(3E+) = -2B, 

: AE(lE-) = 2B 

, '&:( 31,;-) :=2B 

&.:(11.\) ,= 4n ' 

~ ',', 

, ,<~8-

" ' 

" " 

,': , . , ". 

.. " 

• :' J, 

• < ~", 

"",.' . , ' 

,", " 

:1 ;. .: \ ,. ~ 'I (. 

.: .'. ~ ", ,.-

... , 
• ··1 . '.'~ 

'.' t' 

~ ... ' 

;", ; . .: 

'where"the constants B,C anq. D are 5000,;:36 900 'a.nd4200 

'. ,~'", 

,,'. 

.... ',' . 

, '~2 " 
:: N2 molecule. 3 Assuming the C andDstates ofMgO to be derlvedfrom '" 

molecular, orbi tal, configuration VII and a~stuning the constant B to ,be 

'" . 

.' .:' 

about 5 000 cm- l in MeO, the, energj,es of all states of conngur~tion ,<'," 
"j:".. . ,'.' . . .. ' " '., 

~. -'"-,,,; ,: 

'VII, except thelE-f~ which is assumed to be very high in energy as in N2~; 

may be predicted • 

, E(3E+) -1 ::; 10,000 em 

,I 

.. j 

, , 
~ .~. ' 

;1. , •. ' .. ~ .l', 

~ .' 

,< ' 'E(lE-) -- 30 000 

E( 3l:"':) =30 000 ' 

" ~ ,': 
~\ ,'... 

~ ~ ,".' ~ ~ , 

. '.' 

." ... 

... '~ .' 

'.'."; 

, .. ,;' : .. :. 

,,,"", ." ...... 

" 

. " " ~ . 

Ee"l.\) 

" ~(3L\) 
::; 30 000 

- 20 000· 

,,' 

.,." "; ..... ;,: ... ........ -: .... 

,. 1 ',~ :. 
'. ,/ .• 

, , 
." "'! ., 

~., .. <';: .••..• 

: ~.': ~ ". " . .. '.' ,.." 

'.r ..... '. 

' .. " 

,"Ai though the energl'os' 'of' these. shites, can~otbeacc~rately"predicted C,' ' , ' 

',. 

.., . ''; 

" , ,', without further in format tOll, the present ass'ignment, combined with' available'; . 

..• i . 

~.~ . . . 
", 

experimental "data does predict five electronic' states ,from configurati0rl; 

'::'1 
VII whose energies 'are less than 30 000 cm Small changes in the 

, " 'constan~s B and.' Dchange the energies' of ,the 3E+ and the' 36 . For, exa~ple~ , ' />' 

~f B is ;, 500 cm -1 tho 3E+ from thisconfiguration ... d,i1 be degenerate 
: I 

',' \, 

3 + ' Furthermore the ~ r. ' state from t.his confl.gurati'on 

will :int~ract "lith the 3I:+ from configurat:i,on' II. The mutual repulslon 

. ]] d tl.-) 3 ~>+' tt-· , 'th ' b ' l' t .f' vl1 ... , Cp:r'C3f: 'lle .. 0VICr energy - L. 'llUS lncrcaslne ' e pOSSl 1 l 'y oJ, a' 

very, 10~/··lyjnB triplet state. 
I 

I 
1 
I 
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..... :: .. ~ /" '. 

" .. , 
,",', . .~.: ' 

. ';," . 

. ':, 

j .', -9-
: .: . :,:. ~ 

" 
:.' :.- . '. Since configuration VII appears to be the only reasonable configur- ... 

" .' . '1 - .. '. . ... .. 
ation to account for a' E electron:i.c state 'as low in energy as 30 000,: • 

-1 
cm .. J this configuration assignment is most· probably correct •. There are 

I' 
two configurat:i.olls giving b. states, but in vie\-l of the extreme ',' 

" similarity of the spectroscopic constants of the C and D states (see 

, Table I) . it seems quite Hk~ly that they are from the same molecular 

orbital configuration. From consideration of the calculated orbital 
. , .~ 

" energies21 and the assigrunent of the C and D states of MgO to configur~ 

. - ~: 

'., 

. ;/~ ,: :~. 
. ~ ,." ," 

.. "'. 

•• !" " 

'.' " 
" ' " ." 

.' - . 

· ation VII, it seems probable that all eight configurations of Table'II , 

.... ; 

By applying the normal selection 

rules: for electron:i,c transitions to the states of Table II, ten triplet' 

transitions whose 10\'ler state is e:i,ther 3I£. (II) or 3E+(III) and sixteen 
l. 

1 + " 1 . .': .' 
singlet transitions whose lower state is either E(l) or n(Ir) would' 

be predicted • Net all of these transitions "lould be expected to be 

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

.location of the spectrum in an inconvenhmt spectral region. 

The Morse potential curves of the knovlll states of MgOare Shovlll in 
· ~ " ........•... 

F'ig. 2 and Table IV summarizes the ~1orse dissociation limits and total 

" : 

.; .', 

~. ", , .. < 

energy of dissociation pro~U:cts.The lowest energy dissociation' 
, :., .. " 

... " 

· products giving 'a lE+statc are the Mg(lS) and o(ln) (see Fig. '1) so 

,", '. 

. 1 . . 
this excitation energy (15 868 cm- ) must be subtract.cd from the Morse. 

,c~ , 
curve limit of the X1E+ state to obtain the di ssoeiation energy. This" 

, . : 

/ ~1 "', , value 'of 13 I~OO cm-l (1. 66 eVor 38.3 kcal/moleJ is' consJderably less " 

", .:.' 

'.:,:. 

.. than the corrected
22 

"'llhird IJD.H"maSS spcctrometrj,c25 value of' 81 l<cal/ 

-1 
mole (28 000 em 0:1.' 3~ 5 eV). 'T' . t" . t' 26,27 h b ransplra . J.on experlmen's ave een 

co)"r~ct("d to give a dissociation energy of 82± 5 kcaJ/mol(; which is felt 

t . b l' 1) 28 'I.' 1 "1 d . . l' "h b 1 oX o ere. J.a ),e. lwen D.g 'Ier .lSSOC1D. ~].on cnerglcs ave ecn proposcc .. 
--_.--'--- ._-----_.--------------_._-_._- ---

7:. Sec HeJ'~ 29 p. 21,0 or Ref. 28 for s\UlU1l8xlcs. 
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, " 

normal to v=7, interactions nearer the dissociation::limit could make the 
." . . . 

, .. ' " 
, '" i 

" I. 
I 

"'" I 
t 

, i 
r , 
I' 

.1 , 1 

I 
!; 

Anotlier sugge'~tl~'~ to explain the" : ,,:.<':,",,!, 
lack of agreement ,between the spectroscopic experimental dissociation, .. :", " .. "';, ".,' r 
potential curve behave anamalously. 

Itmitsis that MgO has a triplet state (or states) 'lower in energy 

A third'alternative,explanation is that the previously discussed 

I. ~, 
, >iJ " ',: r 

,'J. 
~' .~.-+ 

, ' ::r 
, ' ionic character of the MgO bondi'ng makes the Morsecu:r:veapproximation " ,," I 

very inaccurate. The 'alkali metal halides extrapolate tOdissociati,,';::', .... ,'.<: t 
:,:. '.;; " ,~( ... >'; '.",,; J 

eriergies .in the Morse potential approximation that are lower than the ' " , \"" I' 

accepted values.
29 

It is felt ·that evi.dence for this occurence in MgO ":""',." .. [ 

, should be the failure of a two term expansion in (v + i) to fit the,,;, ,;, r 
v.ibrational levels'of the XIE+ state., Thj,s ,eV:i,denceis not available"" ":'{,::'1 

'and some eviderice to the' contrary exists. 23 Since the discrepancies in: ,,>,., I' 
the alka.li metal halides are often as' large or larger than the 

" , 

discrepancy in MgO, this explanation must be considered possible for all ',' 
, , 

or part of the difference. A study of th~ higher vibrat:ional levels of 
',/ 

, IF] + 
the X '1.; state would be useful'to clarify 'this point.' 

Attention should be called' 'to the dissoci~t:i.on limits of other 
. ' l' 

The A. II state goes to nearly ,the same limit as the 
; .. ~ . 

'. states in Table IV. 

Xl1.;+ state. This is co'~s:i.stent with dissoc:i.aUon to Mg(ls) and O(ID). "'. 

The ilE+ state is exceptionally stable' and may be considerably affected' 

by the molecular states from Mg+.and 0-. 

',', ' 

1 

I 
1 

I 
! 

'f r 

'I 
t. 

J 
r 
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. '; ;.~The c'~~ and D /).stat~s . have . shal1o~1 potentials apparently going 

. . '. l-
."tothc srune limit. The'lowest dissociatio!lproduGts, giving both a E 

. "'. . 
~ "" : ' '. 

. and ~ 1/). state'are Mg(3p ) and O(3p). The corresponding dissociation 
.'. . 1 ,,' . . '. . . .' .,', :: .... 

energy of 26700 cm- (3.31 eV or 76.3 kcal/mole) isconsiderB:bly closer"." ........ ~ . 
.. "" ' . . 

. to an acceptable value than that obtained from the extrapolations of the 

I' 

I 
I 

. I 
l 

i 
. 1 1 + 
A ][ and the X E . states'~ 

. . . 

The molecular orbital configuration VII 
., 

. .. 

'. "j' 

assigned to the elL;- and DI/).states comes from the promotion 'of a 21f 
, ....• 

electron which is largely 2p1f on oxygen to a 31f orbi tai which is largely ..... 

3p1f on magnesium. Thebo~.ding in these two states therefore is 

considerably less ionic in 'character than in the A~I (II) and the 

'::'.' " 

Extrapolation by Morse curves may be expected to be' more reliable 

. more accurate. 

'. " 
~\ . 

.'j •• " 

.' ! 

i ., 

1 
i 
I 

! 
1 

I 

, ,.," ~. -..: " ,..... 

It is possible that the cIt':' andn~/)'dissociate to more.highly 

.. ~ 

, I 
'> 

.. 
. ~. ~\ '. 

\ :...: ~ .. , "; ~ ~.. " 

.' . 

' ... "..:, ... 

. ,.... ,'./ 

/ . 

.:.'., 'i' 
f' '. 

.... : .. 

.. , . ~, 
.. ,':., 

, ... - . 

·excited products, but ,this seems unlikely since it would require a large 

number of addHionalelectronic states lower in energy ·than these two 

if the non-crossing rule holds. It may be concluded th!t.t if. there are .' 
Ii: . .'·1 + '" 

electronic states 10\'1er in energy than the X E.' they are probably not 

very.much lower. This correlation provides a more stringent limit on 

states lowel' than the XlE+ than does the dlscrepancy between the 

. t·· t l~+ ". ttl . t· . '" . ex rapolations of 'he X £, and the correc dissocla lon energy • 
.•.. '. 

If'the correlation of the n1/).to Mg(3p ) and 0(3p ) dissocia:tion '., .' . 

1 -1.' products is correct, then another b. state must exist belm1 30 000 cm " 

which correlate's to the MgeS) and O(lD). 
. 

·1· Most pl"obably th:i.s b. comes 

from confignrationIV of Table II. Since by Hund's rules the 3~- fI'~m 
.' ] 

this .configurationis lmler in energy than the /\, thIs correlation 

gives further evidence for the existence of a .10\·i-lying tr:iplet state. 

. ,.; " J ., 
I 
I 

" " 
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'The correlations presented' seem reasonable andcorisistent with 
. ,'. 

f .' ~ 

' .. 

:'. ~". :' 

,available data. Additional_experimental' ~10r~ will be ne~essary t'o ' 
. ' ',' 

unambiguously ,solve thediscrepancybebleen the spe~troscopic and thermo,:" 
, ' , , 

dynamic, data. The determination of the energies of low-lying triplet , , 

; .' . ~ 
.' ': ~ " .. ' . 

states is of prime j,mportance. 

" \ 

EXPERIMENTAll <: • .' 

... ., .... ~ .. 

,I, , , 

. '~'" ' ' . 

.' ~ . .. ' 
,'''J .:,- .:. 

A., .computer Progrnm . " ·.~:..r 
' .... : .... ' 

. '. ..' " 

Therotnt10nal 'energy of' MeO requires, three terms 1n~ 'the ex:PMs1o~·. ",' 
.: .: ~ .' 

: ofJ(J + 1) in o~der, to' adequately represent the observed rotational ' 
"-". ,. 

",,' 

, , 18 " " ." ", ' 
energy ,levels at higb J. Many band heads of the violet system occur ," 

,', ." . ..:" 
.:'".". t' 

: '.,." v 
, . ~. . 

at hieh J due to the si.milari ty of B I and B ". The c. omplex violet' 
,v v, 

, . 

spectrum of MC;O and MeOH hns two a.ssi.gnc.d transitions,. the C11::- _A1I[ 

and the Dl~_Aln of MgO.Only li,nes" of the (0,0) and,(l, 1) bands of each:; 
' .. ! : 

. . . -

. t '. t· 'h b t' t· II' ' 1 d 17,18 I d t 1 '. rans], 10n av~ een ro'a 'J,ona y ana YZQ. n or er '0 proper y 
, 0 ' 

assign other band heads In the spectral region 3600-1~000 A, accurate 

, calcfulatj,ons were needed for, the vlavelengths' of other vibrational bands'" 

of these kriovl11 transltions. 

A computer program was ~rritten ·to calculate the wavelength in air 

and \-lave number in vacuum of band heads· bclone;ing to ele,ctronic transitions 
. . . . 

for which the spectroscopic constants of both states arE! knm-in. , Eq.(l) , 

is, the cubic equation to be solved to determine' the J value at Vlhich a 
'.' 

P-branch forms a head. 
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.'. , 

D ,'I '+ D ' II ) "" " ' 

V' ,-V 

D I) 
V, 

.. '.' :' 

.' ,'~ '" 

, .. ' ; 

(1) , 

:- . '~..-. . 

i'his equation is derived from approximatfngtherotational'energies 

of, th,eupper and 10~ler states by 

. ',' 

F (J) = B J(J + ,1) 
V V 

'(2) . 

'.> , ;. \ 
a. (v + t) and D = D + ~ (v + if. A cubic where B ,= B 

,v e 'e ' vee, ' 
,','" 

equation similar to Eq. (1) must be solved to determine theJ value of, 

'. an R-head. Q-heads are easily calc~lated since they occur at, the origin. 
. ." '. 

" It should be noted that determination of the band head by approx-' .'" 

, .: .~ ," imatingF (J) = B J(J + 1) eave erroneous and inaccurate results, In v ,v, ' 

some cases thls approximation predicted a band head in the wrong branch; 
. ' 

::'" ,'. , , , . .' ~ ... , .. ' . . .. '. 
B. Magnesiwn Oxide Arc 

" .' 

G In order to reduce contamination of theMgO spectrum by orr and 

, ", and MgOH, a vacuum arc system was constructed.' Background pressui-es 

.. ~ , less than 10-5 Torr \-lere' obtained with a ,10 cm diaraeteroil diffuSion" 
.~, ' ! 

'.'.' . pump and by passing the oxygen gas overpho~phorous pent oxide and . . . ' 

. . '.;'. 
, , " 

through a liquid nitrogen trap. The arc electrodes were tungsten rods; 
,.'.' 

.'" ' ;" .; ..... . :.- passed through pyrex 'with Kovar seals. A copper adapter to the cathode 

held magnesium metal. An aiT flo .. , outside, the vacuum system cooled the 

anode. EXposure times \-Iere limi.ted to 30 to 90 seconds by over-heatlng 

of the o.nodc. A variable resistance fj,djustcd the D.C. current flo", to 
.' .... 

• .. ·r 1.0 to 1.5A. The arc "TaS run in a closed system wHhabout 1,...10 Torr 

of oxygen. 

. ..... : .. ,. 
". ! 

, " 

" 

',' 

'."" 

":" 

·r •. , .... i 
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'i'he image of'th~ arc was focussed ,onto the slit of. a, 0.75 m Spex 

spectrograph having a Czerny~Turner kinematic mount! '" A one mIcron 

blaz~ grating with 600 line/rom ,,,as. used in third ord~r for study of the,' :, 
o 

violet band systems. The rec iprocal linear dispers ion was about 7.1 A/rrim:. 

and with a ten micron spectrograph slit the resolution wasO~07 A. 

.": I 

~. '. 

. . . . 
• :t,' 

, , 
",~ . 

The spectrwn was photographed on Kodak 103a-0 photoeraphicplates., An 
\ } =-.' . ',":,' 

. Osram Hg/Cd spectral lamp was used as the source' of standard lines. .\ .. " 

I , 

. . . . . : ~ . 

The photographic plates were measured vlith a cqmparator. All c 

; .', " .' ' '30· ,'~':",' 
'standard line wavelengths in air were taken from the M. I. T . Tables. . .'-"" 

":, .. 
" ' .. ," ,"' 

"" .. 

,', A computer pro,graJU'vlas written wh:Lchcalculateda least-squares' polynomial 

fit for the wavelengths i? terms of the measured comparator distance 
',< ••.• :,< .. 

'. using the standard line 'wavelengths.,' This polynomial was then applied 
!. .•. 

to ~he ~om.Paratormeasurc.ments of the unknown spectra],. featu.res. Second 

'order polynomial fits were used since higher order fits exceeded the 
. '. . . ~ 

"accuracy of the -comparator measurements . 

Both the wavelengths in air and wave numbers in vacuum are reported~ 

, 31 
The formula of Edlenwas used with a small correction to the refractive~ , 

" ,j,ndex of atr for, vlHtE!r vapor content. All vlavelengths and wave nwnbers 

report(!d are the average of a minimwn of ,five independent measurerl1ents. 

A StcinheD, prism i.nstrument' vras used' in part of this work in a 

Raman Spectral arrangement . The colUmator, foca,l length vIas' 195 rom, 

and the' camera focal' length. was 255 mm.The instrurllent aperture vIas f/4,. 
" 

Both a thrce-glass-prlsm and a two-qua~tz-,prism arrangement were used. 

Kodak l03a-F 35' nun film was used in a curved-focal.,.plane holder .to 

,qbtain simultaneous focu.s of all wavelength of fnterest. 

...... 

, . 
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.'- " '1 'r . 1'· i···· .. .,. 
:' ,I A. 

. ' .. (;.\ 
,~~ ': 

" : ..~ :'.' 

": ~.. :' ". ,'".. . c r.- -An and D 6"'A IIBand Heads 
.' , ; \ ... '':-:. 

'." .' ··~·~··>···,)··:::l' ... ·:l .. ; .,. 
Table V compare~th~computer calculated ba~d heads .. of . t~~;c r..-;A.II '.", 

.;. ". 1 1'" . ','. e·.. • .... .. ; ...... . 

. . and D 6-A n transitions to the observed band heads and.to the unassigned 

, band heads reported .by Pe~i.c and Gaydon. 7, l2'Barrow and Crawford6 
. . . . . ~ . 

", observed many of the same band heads., but/their spectrum was considerably .. ( 

overlapped and their observations are not as complete. 
. 10 

Verhaeghe 

first repor.ted the wavelengths for a number of these band heads. None 
I 

'< 

.:.", 

'j .... " 

i ',,: .'. ' ~,., of the previous l'1orkers were able to assign the' observed band heads to 
, 
I 

I 
! 
I 
[ . t '. 

,~" ; .. ~ 
'., " 

.' ", 

aparticula~ electronic transition.. All band heads reported in Table V' 

are given as ,Qv'v", Rv'v",' etc.; . and the Jatwl1ich the POl' R-heads' 

',' . 

~ 
I 

. ,,: ~ . . "_. ... ", . . ... ,'...... .- '.' . ," • ,W. ':". 

". ,,- , .' .... ' 

I. '", .. 
}i'ig.} shows a densitometer tracing of the (0,0) 

.,",' " .... :. 
. occur is J,;iven. . ... :'; 

1'~ .... ','! . , . ' •. l ." " f":;' .... .; .",. 

1\" t.·' 
j' 
i j: .".,' 

.... :j.::. l • ,,' . 

ti 
! 
I:" 

i···. 
I '. r , 

...• 

. -:- -. ' :~ .', .. 

~ .. ~. " . 

sequence of both band. sy-stems. 
• > 

. ~.' . '!. .., . I " 

' ... ',' 

'" ." 

,,' . ,'. 
:( 

oQserved is always within 1. ° cm-land usually within 0.2 cm- l A· 

. noticeable exception is t~e Rt~4 bartd head o~ 'the ~lr.- -A~Itransition. 
. The agreement of the measurement of thi.s band head "lith that of Pes ic 

. ... ' . 
. suggests. thEl-t' either. an :unknmm' featwe in the sarne· regionobscu~red .... 

. . the band head or that the head is p~'rturbed. 
,I) " 

. . i;" 

. ) 1 - 1 . 
~"he .assignment of the (0,1 sequence of the c. r. -A II band system 

.' ' .. 
';' .. 

.:" 1s di.fficul t due to ()verhip from some violet degraaed features \olhich do . 

" . . " .~.' 

I '"; . 

"",": . 

.. not· appear ,to form a· regular s.eries of'band heads;NopreviouS"'wo~ke~s >.' .- ..... 

"~ . -

.' ~~. '" . 

have reported heads that corr~sp'ond to the calculated heads of this' 

.,sequence.· 'Special' .a~tention "la~ cUre~tedtovrard the observation and' 

. .... measurement of this sequence, but all photoc;raphic plates gave 
, ..' ",.. ,. . .', ... ' 

obBcurring feuturcB 1'n' this ,·rllvclength ree;:i.on. The }'ranck~Conclon . 
! ., ., ~. " • 
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factors of the (0',0) s~quence a~e: very uiuch lar'ger than those of the 

(0,1) sequence ,fo~ 'the nJ"6':Alrt transition32 and by infe:r:ence' for the 
: .', -f _ , ". 

. ". 

l,~l ' , " " 
C L -A J[ transition also.' Due to the much'greater_exposure times 

, . 
, 'required for plates tn this wavelength region, ,it is felt the obscurring, , <, 

.. ,' .. 

featUres are' probably due to impu:d ties present in trace amounts and to 

lines from the P branches' of the knmmtransi tiona l:ather than"';"'features ' 
. , 

due to unidentified MgO bands. 

Only the Q-heads of the (0,1) sequence of'the nl6_Aln transitions 
. 

" 

' .. ~. 

,. , ,-

; - .'~ 

, ,':-

, . , were observed because of the high J value of the head for the first few':' 
... ,' ,,~, ",,~ 

Fig. 4 shows the densitometer 

." . 

J, 

"" ,", 

'. ,-

members of the sequence of,R-bl'anches. 

, tracing of this sequence. 

No other sequences of either the 'ClZ- _AlJ[ or the, nl£\_AlJ~ transi- " 
" 

; tionscould be observed. The cOlnputer calculated band heads are' 

" .. , ....... 

'. ',' 

included, in Table V for other sequences which might appear in strongly-" , ':, 
~; .' 

." . . . \. 

:, _,.;: overexposed plates., No heads are 'listed where the Jof the head is 
" 

-::')" ,',. 

larger than 100. .' .' r':' .:', '," .~ 
.. .. . 

.. ~' 

,': 

,The average error of experimental observation and measurement is 
: ._:".... 1. ~ 

, -1" 
abov:t 0.1 cm 'for the -strong features and is sl~ghtly larger for some 

;'. ", :: ~.>. 

, 'weaker ones. An uncertainty of ,about 0.2 cm-l should'be attached to 
',,: .:' 

,", '" 
the lead.ing members of each sequence. , ' 

The isotope MgO
l8 

molecule has becnobserved by PesicT in this 

spectral region.' Comparison is made eise~hel'e33 of comp~te'r calcu~at:~~, 
band heads to these observations.' Little additional information is 

gainedhy this comparison; Mg25, and Mff,26 constitute slightly more than 

10i each of naturally o~curring magnesiwn and might be c:A"pected to 

contribute "leak feature to the vjolet spect:nun. None of the! observed 

band heads could, be assigned to either isotope oxide. Calculated band' 

hcncls for ther.e ifwtop:i.C ox:i.dca are reported el[:e\~flel'e. 33 
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'" B. ,New Violet Band SY$tems; 
': .. " . '. 

.. ' ,;~' 
.', .' , .;. 

,'. ~ ' .. 
",.,.." 

,; " Of primary imp?rtance in ~his' work, is 'the determination of tinasstgned,," 

band systems belonging ,t'otheMgO mOle'cule. 
, ~,. . '. ;, .. ' . 

The:complex :violet'spectrum 

.." ~ '. has band heads due to ,two 'MgO tran,si t'ions wn.ich have now been acc~rat~'ly"" 
, .,., 

, ' 

calculated including isotopic band heads. ,Substantial reduction'of the, 
, " " , ",' ,,"', 'ci ' 

, ' ... 
, " ~ '! . 

" ' intensity of the OH band heads in the region 3000 to 3100 A and total' :,': .>;. ;. 
~ , ' ,', ',0 

", ~liminatlon of the band heads in the region from 3600 to 4000 A 

'" attrib,uted to MgOH;2 implies that any remaining band heads are most 
, , ' 

'probably due to the MgO molecule. 
, 0 

In the region froIl1 3600 to 11000 A, two unassigned' band ,systems " 

appear to be due to MgO. Table VI gives the wavelengths and wave numbers 

of ~ix members of a red-degraded ,sequence beginning at 3672 A. "Pesi~7,;, 
<.-; .. "'.<: . 

. , , "H~ 18 " , 
observed the first four members with both MgO and MgO and the 

, corresponding isotope shift indicated a. (O,O) sequ~nce. Fig. 5 ShOvlS 

, a densjtometer tracing of this system. Its intensity is less than the" 
;." . 

" (0,0) sequences of the' tv/O known transitions, but greater than that of' 
, , 

the (0,1) sequence of the nlb._A1n. The band heads are repres~nt.edWjth';" . 
,. an '~verage error of less than 0.1 cm·lby the fol16wj.ng formula. 
\. . .... ' 

The, second band systcm, 'II/hlch vJaS, obscrved but not measured in this. 

'Work, ~s the strongest feature in this vJavelength reeJon., It h~~' violet.' 

34" . 0 

", degraded, band heads at 3720.7, 3721.0 and 3721.4, A. These band\heads 
. . 1 1" 

overlap the expected band heads of the (1,0) sequence of the D 6-A 1J 

b·ansi~:i.on) but are not due to this trans] tion. The observed isotope 

" ,shift7 of these bEI,nds indic:a.tesa (0,0) sequence. 
, . '\ :~~ , , . 

'l'heclose spac:i.ng' of 

'.: . tlt(! bands' iBj.ndJen.tlvc of o. tl'ansiUon bct";con staten ,~:ith sJmDar 
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- A search of thespectra1 region from 2500 t~ ~OOO A was carried out 
. ' 

in an attempt to find new band systems of MgO. Particular attention 
o· 

",as paid to the region around 3000 A which is totally dominat~d by OR 

'. ' .. ~ bands in spectral sources where OH is not suppressed. No band systems 
,,' .", 

could be found although several features were'measured33 which could :'-, ',::- ," 

',' not be attrlbuted to MgO or' suspected impurities. 

. '~' .. -' ' ", :, '.' 

I :_ " .. -

, ", . ~ :', 

. .;' . -~ .-": ~:I<: 'j ..... 

C. ,Posslble 'MgO Triplet States - : -' - . 

As pointed out earlier theCll:-arid Dl 6' st~~es haye,e~tremelY'~'. ,". 
" ~ . 

'similar spectroscopic constants and a small energy separ~tion '(sce'~" -,'~.::' 
-, 

,',f 

<Table I). To test the hypothesis that these two reported electronic' .c, ' , 
..... 

" , 
'" ."', " < •• ~ 

.... . _ states are actually triplet 'state sub-levels some tests were made . 
. )~ ,. . ~. 

.\ : .. 
.,,' ': ... 

',/ 

. ~',," 

-, ' 

. closeness of the constants susgests that tliey might be a 'single state. r' 
'. . . . 

The most unambiguous determination' of two electronic transitions 

'-. havinr; a state in common is a comparison of the second'differences. 

-For a given vibre.tional level the second. differences axe identical for" 
." ~ . 

all.-electronict:ransitions involving that state even If that state is 
¥ - -',' , 

pert~rbec1 by other electronic states. 

"'J" 

L\.F"(J) = R(,J 
2 , 

= (~B ' v, 

1) - p(J + 1) ,,", 

..... 
.... 

6ni.) (J + )-) ~ 8n '(J + )_)3 v 2 y ,2 

'-

'.(3) 

"'., -' 

.' .,'~: _ .. ~ .-.. 
" ' 

- 'j 
, I 

_.j 

.,' -.' 
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From the 'available experimental Q.ata".the"·sec0l1d. differences were· 

calculated, for the lower' state of the. red . system ,and the two violet. 

,': ' 

.' ~".' 
.. ~ 

I 

! 
J 
J 
~-' 
) 
I 

'"I 
'.' .... j 

..... , . - : ~ .• f· 
"'r 

'. '.' .{ 

. " ·1 
Agreement was found ;".' . ' .• -' I 

·r 
I 

ainong the second differences \-lithin experimental error. 'l'heoretical 

second differences \-lere calculated from the known spectros~opic constants;' .. 

... using Eq •. (3). For the A lrr these theoret ical values agree' we 11 "Ii th 'the' 

experimentally determined ones. , . 

" 

, ,:." 1'''''' 

., 
I 
t 
! 
1 

,,[ 

'" J ::. .. 4 

. " '.' 

., 
~ 

, ~ 
n 

.' 1 
1 
~ 1 - 1 . 

The'theoretical second differences for the C E and D "6 were found .. ,.~ .. , , K 

This is just outside the experimental range of observation .. 

,., ".,;-:" ~ 
~ . 

.. !, . - .. ", t 
.; :';' 

, < -'~, 

'l'he second. differences calculat~d f~om the experimental rotaUonal lines 

are found to be the same within experimental error for the C1E-'and .:'--.: 

. ' ..... 

The agreement among the second . differences y!ould allow analys is of . " 

the violet systems ej,th~r with a common upper state of. a: common Im'ler 

state. The reported lack of }..-type doubling jn theelE- _Aln transition,: 
" 

the observed }"'-'type doubling in the 'D1b._Al rr transition and the observation 

that~ the n(o) line is' missing in the Dl~_Aln transition18 is' consistent 

with the present assignment. However it is also consis.tent with the 

expected behavior of transitions bet~leen components of a 3n_3L;+ 

. transition' ylith some c,ase c character . 

It would be expcGt.ed that the f-value of e. singlet-triplet transitlon' . 
. . .. 2 " . . .' .' ". I , 

,WOUld be· 'at least E1. factor of 10 s)nall.e~ .thrtn the .f-v~li.le of" an alJ.owed . '" 

.. transition. The violet" red and gr,ecn band. sys.tems ylere photograph(~d 

siTOultaneously on 103 a:-:-F fUm using the Steinheil. QuaUta{,j.vc a.ccount 

l':astakcn of the fUm spectral sqnsit:i.vHy, tl'fl.nsm:i.ssion of the prlsms' 

and. the variation of spectroc;raph cUspers:ion \'lith \'lO,vc-!length. 
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" 

: Calculations show' that the rotational lines' of the'violet and gre'en , 

systems, 'where, the rotational constants of the 'upper and lowe:r:states 

" , 

are s~mi.lar, are closely spaced leading ~oenhancedband head radiances 
.. 

with low resolution compared, to the red system; 'where Bv" ,andBv ' are 

, .. 

~.... . '/' 
" , 

substantially different so that the P-heads, occur near the origin and 
, .. 

thespac,ingof P-lines incr-=ases rapidly away' from ~he hea.d. ,The red 

and green systems have a ,common 'upp~r- state so their emission. radiances ". 
" , 

~! ' 

'. ;." 

are directly'comparable~ The violet upper states' may have populations' 

which are, not easily compar'abie t~' t~e B1Z. 

, . ... ': " .. 
It, was qualitatively concluded that 'the ,four known band systems of 

;; .. 

. , .... 

. " .... 

" MgOare of comparable radiance. The experimental results indicate 
. .' , . . . .',.-

. ' .. ' ., . ~ ~ 
, ,-.~; ~. 

~.'.' . 

',; ...... . fern-values are probably within an order of magnitude. '. " 
., ~ 

.' .... 

: . ~., . ;, . ,:" .. To further test the possible assignment of the violet bands to a ' 
. .. , 

'>~:>"'-;,;;:'_:3n-~z+ transiti~n, calculations were made uSi~g the formulas, of- Budo35 .t··· .. 

. " ..' ~ .'.' : . 

""'c., "'. f~~ the twenty s~venbranchcs of a 3z_3n electr~~~c 
'" " ",', 

transition. These 

" 

.,~ . 
.. . 

~ '. 
, ; 

.: .. 
, ~ .... 

-.. ~ 

,,:' Hon],~London formulas or line stre:ngths' give the intensity or' a rotation'al" 

..... 
,./ ,line apart from the Franck-Condon factor, the Boltzmann factor and the : 

, " 

. electronic f-value. Relative branch intensitiesasa function of J were· 
''I .... ' , 

": ; determined for various degrees of coupHngintermediate b,etweenHund's 

,cases a and' b. ' F'or a 3J[ in case a, the sublevel splittings bet''leen the 

fl = 2,1 and OCbmponertts are both equal', to A, tJ?e spin-orbit coupling " _. ' 

const'ant.36 From the observed energy splitting betHeen theC-A and D~A 
, -1 

transitiona, the value of the hypothetlcal tr:i.p1ct A value is 229 em 

for, th~ 3n as~umine the splitting to be negligible in the 3~:. 

, , 

" 

• 

. .... 
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,The exact relative intensities ar,e a function of J.'Th~follo_wing;, 
. .' .. '. .. ': \, '; 

. . " '~:., In the caSe, ' . ... ',' 

~. ,.' . '.1, 

b'limit (A=O), ,on~yth~ P:V ~, Rl , P2, ~,R2'P3' Q3 and R3 branches 
. . ..' . . . .. . . ~ ( '. ." . . 

.. -: ..... \. .;'. 

. , .. '. ~ ~ ': . ~ 
1 -.' 

\ .. 
:," .i·' .-;". , ' " . 

are of significaI~tintensity (.o~e P, Q and R branch per sublevel). ", In' . ..' , . 
, , 

" : .. 

the case a limit where A is large, twenty-seven branches have some' ,,"" :', 
,I,', .",'1'", " ,.' •... ' 

" 
intensi ty and. 'b/enty-four of them are' w'ithin a' factor of five at a'J of 

'" '," 
.. ! 

.... ,. 

:., . 
'-1 ' 1 ,,' , ' 

fifty., Using the A value of 229 cm and the BO value of the, A II state; 
, .. ", 

...•.... ,' .. '\. 

, the case al:l.mit is closely approached. ;t .• 

,,'.",."'".;'.', 
" -. -.} 

," ,'1" 

, ... '. 

CONCJ~USIONS 

. r,.,. 

..... ' , • AlthQugh ge~erally states of the samemolecul,ar conf1gurELtlon' have' 
' .. :: .. ', ,- , ' ,"" "1 - "1 ',--

,,;' s1IDilarspect:r-oscopic 'constants, the constants, of the C E 'and D- /)" -
. :"', .' , 

.;. :. 

.:., ..... 

\ .. 

.i 
::. 
-.t ." ,," 

. " . ~~. - .... ". . states -of MgO are experimentally indist~nguishable. It does not appear 
, ' .. ''C'': 

' .. : 
, .: 

'\,,.; , 

'"' ' 

.- ... .,. 

~t .:-'. • ' 

',', . , 
- " ~ 

. ~. 

" ' 

, possible to expla:in this occurrence on the bas~_s of strong mixing of th~'_, 

'.tvlO states since the /)"Aselection' r~le29,36 f~;bids it. ,It is,highly 

unlikely that a 3L:_ 3n transition (or :vice-versa) might be mista};en for, 

'mult'iple singlet transitions in any coupling case intermediate bet~,ecn 

, a and b. If the'C and D states of MgO were components of a 3L:_3rr 
, " - " 

transition, one would expect a large additjonal number of branches whose 

• I 

/" radian-ce ,is comparable to the observed ,branches. Furthermore ,the four,' 

knovm ,electronlctrans itions have radian~es' whi~h 'are quali tati ve ly the " ( , 

, . 

,. :'. \ ' 

same order of magnHud.e, apparently ruling out a posslble il1tercombinntion, 

transHion assignment. "J!he :reason for' the simU,arlty of the spect:roscoplc 
, " 

constants of the ClI:-" and D\\ states of ~gO rema,ins 'to be explaJ.nc:d.. ' 

However it does 1'10\'1 appear unlikely that the C1
L:- and 1)1/)" stt:Ltes are 

triplet f;ublevel~'. 
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Manyef the previously ,unassigned band' hecids :!.nthe"violet spectrwo 

of magnesium oxide are nm,/'assigned. The, (0,0) seqUence band heads of 

,,' the C1E~_A ln' a~d Dl~_J\lII band systems have been calculat~ci andebserved. ' 
, ' 

Some of the weaker heads have been observed and they also agree with the "', 
~' , 

" 

computer calculat.ed vlavelengths. This ,agre~ment, ,vThere comparison can, 
, " '.' 

',. ',.: 

. . '. '. . 

be made, suggests the calcu.lated but unobserved band heads are accurate :~ ',' 

, .' ... " .-.' . ~. • r .: 

...• ; . thus allovring confidence' in ass igning ,b aJld heads iIi this spectral region" ',;',::>,: 
, " 

to other transitions. . .' ..... ~ ~ 
.~: . ~ 

,," . 

It is concluded that the emitter of the band sequence beginning a,t " 
. . .~'" 

" 0 

,36'72 A is MgO. The series of six band heads measured in this ,work form i ':'. 
• <\', , ( .. ~ 

.......... ': . ,', 
~ '- ' . :'- a (0,0) seqUence ,vlhich fits the expected second' order equation well. 

...... I 

. r~ .. 
:', ~ 

.... " 

" , " 

; . 

",,;;' 

, ;" 
" ,High resolution analy~is Of this system could be of value for' further" 

understanding of MgO electronic states . 
• J . ' 

. :.; 

: ...... 

"., . 

'. ;. 

• ... f 

0' 

,It is conclud'ed that the strong fe~tures' near '3720 A are due toMgO ". , 
.. ;: . 

although the structure is unlike any knovmMg~ band system. The subs tan..,' 

1;1al reduction of the OHbands near 3000 A suggests that impurities such 
, , . 

- "as MgOH should appear only wea.1dy if at all. The upper and lower states 
Ij· . 

must ha.ve nearly identica.lw va.lues since there is no apparent e 

d,Clvclopmcnt ofn (0,0) seqv,ence. 
, , 

"", . 

Correlation. of molecular orbita,lconfigurations arid'the.knowri 

, electronic" states ofMgO seems reasomlble.Of particular. interest is " 

the, 10\-1 energy of the lI;- vlhose molecular orbital configurat:i.on must 

:i.nclude excitati,on of the 3ic· orb Hal. This correlation s\l('.gests· 'ejght~ 

configurations .vlhich may have 1m-i-lying electronic states. Quantitative 

predicti.on of the energi.es of tripl~t states is not possible due' to the 

lack of su;fficient e~erimental data. It is concluded that several 

td.plet states of MgO should be lO\'l-lylng and it seems possi.ble' that the 

,clcctroni.C ground-state could be a triplet. 

:, ., 
,. ,.,.' ': 
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The disso.ciat1o.nepergy discr~pancy may be .~xplai!led by. electrDnic ''' .•.. ,~:, > 

.;.......... '·t···· 

,'states in MgOl()~,er in energy than t~c: xlt+ ~ by adrastic change in 'the', i' 
,', 1 + .. ', . " ' ',,' ...... . 

""'- .. fo.rmDf thepetentialcurve ef the X tstate at highv.ibratienal quantum 

number, Dr by the 'inadequacy ef the Morse curve apprDximatiDn. Censidera.,. 

tien ·ef theextrapDlatiDns ef th~ 'Clt~ and nlb. states gi'ves strDng 

. ,': evidence that. the 'ienic bending Df the xlt+ .and A ln' states acceunts for . . 

. ~. .' ;'. 

'., 

." . 

.::,' :,' 

part o.r all o.f the dis~repancy. 

Altho.ugh pro.gress.has been made i~. the understanding o.f MgOelectro.nic 

states, .a majo.r co.nclusion o.fthis wo.rk is that a great· deal more .' 
.~'. ' 

. '. experimental evidence is needed. The internal partitio.n functio.n o.f .' ,.' . ; . 

.. ~ , 

. MgO "rill remain uncertain until. the co.ntributio.n o.f triplet. states can' 

" .:" 

'~" 

:., 

, .-
'':'. t' 

.; .~. '. , .;'., 

'" ,.' 

. . ' 

....... . . ~. " 

. . . 

accurately be deterJ:llined: Other. types o.f exc:i.tatio.n o.f the MgO spec;:trum .. ' 
•• "':J 

. " . 

such' as ho.llO\~ cathDae or, flames might preferentially 'excite o.ne ,band 
",,' 

, , 
.', .> 

system ",ithDut j.nt'erferencefrDm. others.' Chemiluminescence experimental 

evidence might be useful and . a mo.re thDro.ugh .search o.f the MgO spectrum' .~. 

. . 

mnywell .ShD'" s'cmie additiDnal 'band systems capable o.fanalysis. ",' " :; 

", ... 
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Spectr,?scop1cConstants for K.110';'Tn .. States of· MgO in. em-1 
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Constant 

T e 

CD 
e 

CDX 
e e 

B e 

ex. e 
D X106' 

e . 
. 8 

~ .x10 e 

·'.H x1012 
e 

. , 

,'" 

,<,' 

·0.0 

785.06 

0.5743 

2.0 
, . :' 

.', 

. " 

A~ 

66!~. ~.!~ 

3·91 

,0·5050 

0.0040 

1.165 
.. 

" 
1'.0. 

5·9 

.' .... 

. ~ .",.' 
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LEGAL NOTICE 

This report WciS 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. 



TECHNICAL IN FORMJ\ TION DIVISION 
LAWRFNCE RADIATION LABORATORY 

UNIVERSITY OP CALIPORNIA 
BERKELl';Y, CALIFORNIA 94720 




