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- ABSTRACT L

. The em‘g,s‘ion spectrum of SeU excited in an e'lechrude]ess discharge
tube’ containﬁng selenium dioxide powder by a tpigh puwemuwave generator
revealed the existence oD“a new band system in\the region 3185 - 2690K -
cnns!stmg of 48 ba»ds degrad‘? to-'longer wavelengths. The vxhratwna‘l
ana'lysis suggests that the bands arise from the transxtion c( n) - X’

s
(the states designated as C and D m eurher work by Reddy and Azam (1974)

are hereafter to be referred “to as D and E, respectively) S :—systems,
o B W (53 73 C(3no) =% (7, oy L % (E eCny) -

x5 (Fy) and c( “2) e (F ) of C-. X'have been 1dent1f1ed The sepAratinns

* between the band heads having the same vibrational assigments (v', y!) ’wiH;h N
a CMIV\(D“ uppér electronic substate are cansistent:wi_‘th the exgected value
of v~ 2.},°A (= 86.4 cm‘x) being ghg-spin-s‘p%itting constant of the X3 tate
known from earlier work (Barrow and Deutsch, 1963; Azam and Reddy, 197)3).

Derived constants (in cm'l) of state C-are as Follows? )

¢, a2 s,z 37 L,
- oy osse; ses a0 - "
hg | esiso 581 35 ’

i In aégi'tion, 8 new emission bands of Se degfadéd to 10ngér ‘Wave-
Tengths in the reg1on 3040 - 2805& _have been ﬁtted 1nto ‘the vihrational
scheme uf the previously known B I - X E system.
F1na!'ly, Morse potent1a'| curves have been drawn fur sevenﬂ knwn .
electremc states af SeO
v,{




. - CHAPTER: T T e gt ™R
' INTRODUCTION -

1.1 'Electronic Spectra of the)‘Analogous Molecules of. 02, SO and Se0:
The electrons ‘in the outermost’ shells of the constituent atoms
of a molecule &hieﬂy determine the type of molecular binding and the

nature of the molecular states. 1In general, molecules having the same

" number of electrons in the outermost shells are'expect;ed,rwithLln the first

'appro.ximatjcn to have siﬁ;ilar electronie spectra. In pariicular‘ the .
analogous m%\'lecules 02, SO and Seo are expected to' have simﬂar electronic
states because the outermost she1'ls of each of the atoms 0,’S and Se contnin

four pre'lectrons. The electronic states of 02 differ from those of SO and

Se0 at least in two-respects: (1) b?ause of the gyrnnetry of the nuc1e1 in ©

Dy, its electronic states are eithef even (g) or odd (u); (1) s!r/nce the

oxygen nucleus has zero spin,-the 0, has only éyrnnetric rofational levels. *
2 A

¢ Even. though 1he‘oqtemost.e'leatruns play ‘a mjor role in detemiﬁing the,

. ’m:ﬂécular properti‘es ménci’uned ,ahov"e, the inner e]ectrons and the masses of

" the nuc1e| are also of considerable mportan:e In fact, the. relative '
pnsltmns of the electrmﬂc states nand the nature of the coupling between,
e]ectromc motion (orb1ta1 motion as well as spin) and the.rotation of the
nuc'lei are depebdent toa cunsiderable extent on the e'lectrons of the inner

shells. A detailed study of the electronic spectra of analogous ‘molecules

N iy
makes' it possible for one to.determine the nature of the coupH‘ng between

the e'lectromc motion and rotat‘lun of the nuclei in their various e]ectronic

.. tates and to obtain a propev‘ correlation between these states. ’




Extens1ve 1nvesmgat10ns have been.carried out on the electronic
band spectrum of (]z The number of electromc states for 02 is at least 10
v'wh'}il:h hav'egiye_n rise tu 14 band systems (see Ros‘en, 1970; p. 423). The
ground e]ecfrpn1c staé\e is the cqmn.on JJower state for.9. of these band
systems. Also, “a-number of Rydberg transitions (cf;Rnsen l970)‘ and severai 7

, ) o2 r
double electronic ‘transmons (see Findldy, 1970) have'been observed for 02.

For 50, three e!ectrnmc band-systems a1l with a common Tower
(ground) state have been observed and its structure in al'l the fnur electronic
statEs has been determmed (Colin; IQGB 1969) o

A general spectrascupic study of the e]ectrbnic spectrum o? Se0 in
emission has been recently |n1tiated in our 1aboratory and some experimental
results have a}ready been pubHshed on this spectrum. (see Azam and Reddy,

]
‘1973 and Reddy and. Azam, 1974; also See sectwnl 2 in tt

results presen@ed in this thesis on the emi‘sswn spectrum of Se0 in the

region 3185 - 2690 g_form a part of this systematic study.

1.2° Previous wof“k on' the E\ectronic Band Spectrum of Se0:

1 () The Extensive 8% - ¥’ systen in the Regton sioo - 3100 R:

" Asundi, Jan»Khan and Samuel (1936) nbserved 14 tharacteristic
emission bands of 'Se0, degraded to 1onger wavelengths in the rpgkm 3950 s
3230 X by 1ntroduc1n9 SeO2 powder 1n a bunsen flame and gave a tentative
v1brat1ona1 analysis of these bands. Later, Chaong Shh\ Piaw (1938)
excited the spentrum of SeO in.a high voltage transfumer d1scharge Jdube by
passing a s‘low stream of oxygen over heated se]enmm He photaqraphed 20
double-headed bands degraded to longer -wavelengths in the region 395(3 -
3100 R and analyzed them into two.systems. Subsequently, Barrow and Deultsch

11963) excited the eriission spectrum of Se0 in a radio-frequency discharge

_thesis).” The




-z through- selenium vapour and nx}gen and ﬁanmgraphed it under high resolution. :
' " These authors have carried out the rotational analys‘ised;9 bands and 4
& --designated the system as P Xaz‘. which was-later reférred to as B3 - =

x3:' by Azam and Reddy (1973) because ms systen is analogous.to the

system B r - X3£ in 0z as well as in SO The sp1n spin interaction ™
consnants A" and 2' df the Xar and B F states, respectively] were found
by Barrow and Deutsch (1963) to be very large. The- douhle headed nature of

_ the bands was ex;ﬂai‘nedvnn the ba‘sis of the splitting of each band (v' ™)

‘"into’ three sub- hands, two of which ar1se from’ F2 - F2 and F3 - F3 tran!-
2 .itiuns that He close together. and one of which arises from F1 - Fl L
: transitions wh'h:h are separated by an amunt ~2(A - M) from the fomer.
. Haranath (1965) phatographed 25 additional double-headed bands of the s-x

s system of SeO in the reg1ow 5100 3900 i and assigned vibrational quantm

nunbers to them. -These asslgmlents were conf‘lmed by the observed 1sntope =

£ heads of 8"Seo and Bse. - : -

(i1) Two Infrared Band sttuns in the Region.10 780 - 9490 R

- Recently, in our laboratory, Azam and Reddy (1973) ohs‘er'ved t\'o
e i n uniss!onil-)and systems of Se0 consisting of 46 bands degraded to Tonger

' ﬁaieléngths |r-|‘the aegion 10 780 - 9490 8. From a vibrational analysis of
" f ,‘. one of these systéns\as beeﬁmigneLﬁy_thesLauthdrs.tn,
’the forb1dden trans%ion b( T ) - Xst'. The dnulﬂe-headed bands have been '/

P these ban

analyzed as ne]anging to the 1: - sz' (Fl) and ! , - (FZ,F:’JLsub-
¥ XA . | systens.’ The separations between the corresponding band Tieads’ ‘of these two
- N 3 " sub- systens are found to be cunsistent with the expected va'lue ~ 2A, %
‘b.—\ “being the’ snin-spin interaction cnnstant of the X3 state, whoseq'lue wa's

derived ear‘ier by Barrow and_ Deutsch (1963). The v1hrahona1 assigments 2

! ) . z B 9

| . % N
. | = - i . s



g : 5, - . .

of 'this system were c’(mﬁmed by the observed isotope heads of 82SeO, 80»590,.
7BSeU and 165&0 The second band system, which consists of “only one 3 B

i sequance of hands in thé region 10 780 - 10 5ooK was tentativ;ﬂy assigned v
to the probable forb1dden tra swtwn al A) - )(3 v (Azam and Reddy, 1973)

(ii1) The Far U'Itravw’(et Band S stems in the Re ion 245(1 .. 1800 R

The emissiun spectrum of Se0 in the “far ultraviolet region was .

A firgt observed by Har;na& (1964) who photographed 40 bands in the region:

2400 - 1800 R under Tow”dispersion and amalyzedthe bands into four

systems. " Recently, in oyr laboratory, ‘Reddy arid Azam (1974) have phdto-
: Ly Redd,

graphed the far ultraviolet emission spec\‘.ruri{ of Se0 in the region 2480 --
1930R under better reso]utiqn ‘and reana]yzed the vxbrationa'l structure of e
the bands.~ Begmmng at the longer wavelength end the spectr‘um was

analyzed 1nto ﬁve band systens whlch have_ beemdesdgnated asT(l o e

b( e 1 Xg X ¥ - - ¥1» o) - %" andDyZ ) = X357, The lower state
“ of the/é h system was fuund to be ‘the upper state of the mfrar‘ed b-X
system L &

a In the present work (see section 1 3), a new system cf Se0 has |

i 2
A ¥
- .
T~ heen observed and, will be designated as system C X5 consequent'ly. the
earher designations of C and D.states by Reddy and, Azam (1974) wﬂ'l be

_ hereaftar r-eferred toas D and E, respectwely .

(w) “Other Bands of Sed . _‘ E : ) ' T
. Ty Kushawaha and Pathak (1972) reported several weak emission’ bands

- of Seb \‘n the region 6150 - 5250 R and suggested the transn(nn b( T ) -

X for these bands. However, vmw it appears that this as;ignmenc is®

uncertain (see. For exnmp]e, Azam and Reddy, 1973).




13 Present Work on the Emission Spectrum of Se0:
- In the present investigation,- the emission spectrun-of S‘w was

X v g - e E 9 z
Tl i+ excited by irradiating selenium dioxide powder contained in a quartz -

- _discharge. tube by a high pouer.micm;la;le generator. ‘A new band systa’ri of

\" -§e0 consisting of 48 bands degr;ied tn’l&ngzr wavelengths in the gegion

"+ 3185 -2690 R has been observed for the first time. .The vibratiopal
#, % analysis of the syséem sugges:s that it arises from the transition c( n) -
- x’r Thg abserved separations between band heads having  the same vibra-
Hona'l quantum number; v and v' with a comon upper e1ectrqmc substate
ure \:onslstent with the axpected value v 2x, A be1ng the sp(n spin
“interaction constant of the X’s” state, known from’ the: ear'lier work of
Barrow and Detusch. (1963). ., Eight new en1ss{on bands deqraded to Tonger

7 wﬂglengths have been observed in the r gion 3040 ;z_aoi_x_mgsejands
: 5 3

- have been fitted into’ the vibrational schere of the 8%z™ < X’z system of -
I ¢ Se0., Also, the Morse potential curves.for the states X°z~, b(lt’). 83

4
and C(°n) of Se0 have been drawn.
B Y % .
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; 3 .. CHAPTER 2
: e . EXPERIMENTAL 'DETAILS - @ : (7‘

The experimental set-up used for the excitation of the Se0 -,

“procedure is'givén in the fo!lw!ng paragraphs..

2.1 Excitation,of the Spécfrum of Se0:
2 The emission spectrum nf Se0 was excited 1n an, e1ectrodeless
discharge tube, 2.5 cm in diameter and 45 ¢m Tong, conbaming 30-40 gm of
Sed, pawder.(F‘lq. 1). samples o('SeOZ supp'lfed‘by either’ the British Drug
Hnuses Ltd . Eng’land. or Anachimia Chenmicals Ltd., _Montreal, or Alpha
lnnrganic Ventron; Beve‘:'ry. Mass., U.S.A., were used. The discharge ‘tibe
was first evacuated through a liquid nitrogen trap to pressures of tbe
D'nier of 107 -5 torr b.y means of a high vacuum punping system. ‘The centrﬂ
portion of the discha;‘qe tube was then héqted for a few pinutes with a
Bunsen burner and it was then irradiated by miér(;atavé radiation from a
' ilay‘tnzon Microwave Power Generator model PGM-foo (Fig. 2), having an output
power in the range 250-800 W at a frequency of 2450 + 50 MHz. ‘The. .anode :
current of the Generatur was kept at 260 mA’ which corresponds to 755 W |
(Hynes, 1968). It was necessary to’ gxcite ‘the d_(scharge in!hally with a
tesla coﬂ The chlar‘ac‘teﬁstic colour of the Sed diséhav“ge was biuish

wh‘lte

The actual process involved in producing and sustaln\ng an

. electrica dlscharge in a d!scharge tuhe consists of’ the Fnﬂowlng three

P P

59
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Fig. 2 er‘ss-sectional view ofrthe_exper'imental_ arrangement. ‘PG-100: /( N
Mi rov;uve ﬁwe( generator, F: Filter unit, P: Probe, G: Rec- . ‘
~ t‘angu]ar waveguide, 'H: Horn, D: Discharge tube, R: -Reflector, ! '
L . = A . ¥
C: - Copper net radiatiop-cage. ¥ = ce [\ Fe
. . - = 3
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. steps: (1) Free eléctru@s in the discharge t\ihe arg_f(rst accelerated

by/an e'lectﬂ": field prt}duced by a device such as a microane power

generator, a h1gh frequency valve oscillator, a high voltage a. c. or
d.c. power supply unit or a- tesla coil. (11) The translational energy

. thus acqu\red‘By the electrons is then transformed into, the internal
energy of the ﬂtums and mo'lecules in the discharge tube a; a result of
T a co'leion prvcess, i.e., the atoms and molecu'les are-excited to their

h\gher energy states In-the case of molecules® these higher energy

states cmﬂd beﬁ_e]ec(;vja”m’c. vibrational and rotational in ﬁatur’e; hnw,evev;,

for atoms, these are Sn'ly electronic in nature: (ii4) The higher energy "'\

i states of the atbms ‘and molecules are inheren{;’ly unstable and' the excited
a_écvﬁ or;muI;‘cu'm' gives up‘energy'by’dropping into a lower state with the
enission o‘f elect;mmag‘netic radiation 'of frequency v' <o that hv' (h
being the P]anck s constant) 1s equa] to the en fgy d1fferenr7e between

the two” states. g

|

One of the |mportant methuds of obtaining” the” em1ss1on spectra/ 7

a ‘short life-time in gaseous 5

& \ of free radicals (i. e » species havi
: pha»e under ordinary laboratory canchtmns) Is by way of electMca'I Yot
d1scharges In fact, fhe physical existence of” diaﬁm!cmadicals such

" as:CH, N, OH, 0’2, Mg etc., as'well as of the'molecilar fons Ny o',

tdl

coz, etc , has been Nrm'!y estabhshed as a result ef the 1dent1f1cation ¢
5 o "_“ l; "‘of their spectra (see, for example, Herzberg, 197!) Mn'hecu'les such as

- SO and Se0 belong” to this type of free radicals. The charactenst\c .




- vari

em1ss1on spectrum of Seo obtafned in the present work undery contmuous
evacuation uF the dlscharge tube contaming Sel]2 shows that Seoz
d1ssnc1ates into SeD, oxygen and selenmm " The presence uf atounc
Hnes cf oxygen and. se!emum in the spectrum ‘shows the ex\stence af
atun‘lc.oxygen and selemum An- the discharge. No knwn emission bands

7 . .
of 02 and Sez. have been observed with the présent method of excitati_nn.

. 2,2 Photography: - g % o "

The “spectrum in the 'region 3200 - 2600 R‘was phutographed with
a2m L1ttrow type Bausch and Lomb dual grating spectrograph (F\g 3)s

" The 1200 grooves/mm plane gratmg was used in its first nrder The slit

width was maintained at 0. 26 mm. The{eciprocal duspersmn ‘obtained

with the gratsng varfes fron .19 R/ at 2690 8 104,07 ﬂ/mm at 3200 R.
0]

The experimental resolving pwer, x/d).. at 3000 ‘R is 3625 for thé s1it

“width mentvoned above. and this corresponds o a spectral resolut‘lon of

"\.OaA

Kodak 103 a<o p‘lates were used to hotograph the spectrum,
Thesi are sensitive in the regian 250d to 45 0 ﬂ Due _t_o a large’
tion f inténsity of the Seo\.‘bands in the region of interest, four :
e B ' .

diff rfpt exposure times, ranging from;2.5 minutes at 1onger w.ivelén'gﬂs' ;

_to 40 minutes at shorter wave]e(npths were used to phntogmph the e
spectr‘um . o ol !

% i
' The bands werejlsq phobgraphe higher orders of the 1200

g’roov;;/;rln grat!pg byt,’in !:};15 asé: the rotational structure of tﬁe bands
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is resolved in such a way that-it was not possible to locate the_h'ead'si

accuraf:g]y‘.-

2.3 Méasurement of the Spectrun? %

LA 11near comparator model M1205C havmg a least couht of 0.001 mm *

(supplied by Gaertner Optical Co., Chwcago) 'was used to measure the spectrum

‘The readings, however, were estimated correct to 0.0001 mm. The wave!engths.

Xaine of iron arc Tines were used to determine the constants ao, a;, and ap

. by the method of least squares fit.

.- of the expression . oy |

= 3 g and? M a
Aa"-.ap#alad-az s, ..
# The accuracy of these constants was .

tested by calculating the wave]engths of the other standard 1ines in’ the

same spectra'( region whose d values had heen measured. The accuracy nf ¥ ‘\

measurement for sharp 1ines in the ﬂrst nrder spectra’is better than.0. OBR

g However, the accuracy of measurenent for diffuse band heads is cunsiderab]y

less (v 0.08 R), Ed]en s (1953) formula for the refract1ve index,,

=1+ 6132.8 % 160 + — 2909810, - .
. 146 x 100 - v* 41 x 107.-

“ .
where V=Lﬂ, - 1 o
. "xa1r()' WX '.‘#.‘ /

was used to convert waveléngths in air to vacuum wavenumbers, v.  An’
iterative method ‘was employed to do the computations on an IBM—370: computer
and the iteration was continued until the absolute d%fference between the

successive values of v was satisfactory. “Several other calculations were

" done on a Hewlett-Packard-Calculator model 9100A. - (S
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& RESULTS AND DISCUSSION -~ -~ .. .

B In the previ‘cus-c}iapter.' a brief description of the experimental
' method used in the excitation and photography ‘of the- emission speetrun of
Se0d and details concerrnng measurenent of the spectrun are given In the |
present chapter, the experimental data of a new band systan of Se0, which
is designated as C(’n) % ,-and jt; vibratiuna] anaiysis will be
pre;entea. A'Iso'inc‘luded in this cﬁapter is thé new data on _the band heads
“of the»previously knnwr:vﬂa ¥ -‘Xax' system of Se0. E.xbressiu‘ns used in the
vibrational ana'lysis of the e)ectranic band spectra are given in. section 3.1; '

section 3.2 presents the vibratlom'! structure of a 3:( - 3):' system in which

tha 31: state has a large spin sthting constant; the rest of this. chavtEr .

Is devoted to-the results and discussion. . s 5 %
v 34

3.1 Expressions used in the Vibrational Ar'ulysis of the Electronic Band" i
Systems: ] o a ) ) . - . o
The total 'energ; Eof a d‘latmi:\mhcn'le (rieglecting its spin and
trans\aﬁuna] energies) can be expressed, to a good approximation, as the

sum of |ts electronic’ energy Ee, vibratiomﬂ energy E and rotationa'l energy

E... Thus . .- . v .
E=E +E +E , Eg>E > E e IR
.or, i[) waveiumber units, % e ¥ ek ‘
P g B SR : 5 )
=T+ 6+ FQ) . @

' where v and J are the‘vibrut!nn‘al and r&tatlom'l quantl;n nl;nbers:,resp'e‘-:f

tive'l;'. Each electronic state may have a number of. vlhratlm.u’l Tevels and



each vibrational level, in turn, may have a number’ of rotational states.

The vibrational and rotational term values are given, respe_::_ﬂvely._by

Blv) = gV + ) = gV + Wl AR W,

. ug >3 ugke >> u ¥, i . Tw T e 3)
and . ' " @
;(q)nsa(an)-baz(au)z
K CET AS ey w 0]

" Using equation (2) for the-term values of a moTecule, the wavenumbers of  +

the spectra'l" ines cdrraspondlng to’ the transltiuns between two electronic

sntes ((n emlss{on or absorpﬁon) are given hy
v ‘e (Té - Ta) + (6" - G") + (F' - F") » (5) -

where the sin;Ie primed letters refer to the uﬁ’pe’r ;tate and the double”
primed letters refer to the lower state. Thus, the qnitﬁd or absorbed
wavenumbers may-be regarded as the sum of three terms_(not all of which need -
be positive), . . s & ' ] 4

vnkuvhl % X .. w T (6)"
= vl.’or a 91.3‘121\ transitfnn. Ve =lT" - T".1s a constant. é‘nce. 1n'genera! ‘F
.is small compared: to G, v ‘(- F' = F") may be neglected when only the
vlbratiena'l structure of a band system is of interest. Thus, the wavenumber o
of a band head- in an e1gctronic band system s represented as (negle:ting

the CHblC and h(gher order terms in equutien (3)),

VR, ¥ u'(v Us)-ux(v +|,)z

P -,r.u';(v-ex)-u;x;(ua\x g e L
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v
The separation between the vxhrat\onal states v and v+1lofa gwen

e'lectron‘lc state can then be defvned as, To. Y ¥
By = 6v + 1)/- G(v) . ¥
" U |
K = (u, = mexe) - 2uko(v +h) . ‘ L (8)

The second difference is given by
s Gv+ = Mgazyp - AG Mg ‘ )
== Xy . ) B (9) \

3. 2 The Vibrat!ona] Structure of a on - Trans!tion
For, é T electronic state of a diatomic molecule, the quant!zed

component of the orbital‘electronic angular momentum a10ng ‘the intgrnuclear'
axis, A'= 0 and the total spin,is 1:s0 that the mu'ltip!i:ity. 25 +1=3:
The reasons of the mu]tip]et structure have been d\scussed by Kramers (1929)",
and Schlapp (1937) The magnetic 1nteracmun between the spin, S and A dues
not -arise 1n a x state because A =0, ‘It was shown, huwever, by'Kramers
(1929) that the spin-spin interaction of the uncumpensated electrcms is
eqlnva'lent to an 1nteract1an between S and the figure-axis. IKralmav‘s
calculated the energy levels and faund that each rotational level N was
split by the 1nt§ract(on into three, corresponding to:three dVFereht ways

) of -constructing a total angular momentum J '(= N -1, N, N +1) aut of N and
S'= 1... Another’ effect is due to the 1nteraction hetween the uncompensated-

! spxns and the magnetn: field set up by the rotation of the molecule as a
wh«ﬂe There is a further cause of fine structu“e although on the average

the-electronic orbital angular moment\m_‘ of the mplecu]e inasz state is”

[ : %“>
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null this Angu'lar m has a pr i perpendicular to the

figure-axis, which interacts with thz total spin S. These effects ‘together

glve,_for the three energy levels associated with a given value of N ina

3 state, the folloving expressions (sch1dpp, . 1937):

F (n) =g, u(n +1) 4 (an +3)n I(2u + 3)252 +22_2 By

+y, (N+1) . }
Fai.= B, M by e S “(10).
Fa(ri)'= B, NN+ x)‘-.(zn - 1B, o ot g o
=N 2 * C gt

Here F;, F, and'Fy refer to the levels with d = N + 1, N, N --1, respectively,
and N is the 'quan.tum l:unber representing the angular momentum apart from the
spim of ‘the e'(ectmn; (Note: J =N+S,N +5 = 1, . IN - sf.)- .8, s’
the rotational constant, and A and vy are, respectively, the sp1n spin and
spin-rotation |nteract|nn constants

For 4 1 state, A = 1'and $'= 1 so that the resulfant electronic
angular momentum about the internuclear axis, o (= A+ S, A+S =1, ...,

[a -'S])-takes the values 2, 1and 0. -In the cuséomnry ‘notation in
25+1

*molecular spectruscoby. the three suhstates Ags of a triplet 1 state

are represbnted by nz, Hl and n Apart from°this, each substate is
doub'ly dzgeneral:e because A can take two va'lues. +A and -A.° Th‘ls dnuang‘ . '
is, ca'lled A-type doubling which is usually very smaH 7 .

The selection rules in Hund's case (a) are:




520, ! ;H)ﬂi

X - s = Q, %1 |
The former is satisfied dlready in a 3n - 3z‘;ransinon.' on the basis 'of

&

® ... the latter, the ﬂ'ﬂ'lmdng six sul;‘systems- are posé!ble.
. " < A

. e TRy TR e
. 27 et s n Wy
T . ' o 3 s ) 5 o
(Fz) vy (Fy) . 2 Hfr

L - ., A schemat‘lt energy level. diagram showing these six suh-systems is
. ‘shown in Fig. 4. ln tMs figure ‘l(t is asswned that the n state is regular
‘and is approaching Hund's case (a). The A-tyve douthg is not shown. For
. unolemﬂe such as SeO. the ground electronic state X : has a 'Iurge spin- . B "
- © ' spin interact(on consunt A and a neg’ligib'ly small spin- -rotation interacﬂon ey
) . ', constant y. In genera\ 'IF 2 is very largg (or more precisely B/x |s very
- sua]l); for each value of Ny the F2 and Fy levels will be very close
"‘togethe:r with the F1 Tevel separated from then by an amount edual ton 2.
In Flg. 4, the separaﬁon between the Fz and F: Tevels. is rather exag(verated
for the sake of clarﬂy The quam:un numbers @ of the resultant electronic .
angular momentum about ‘the internuclear axis are fonna'l]y assigned to the =
3% state 1!\ order to indicate the relation -to the* 11'- 35 transition. 1In :
) Fig. 4 the transmons have been shown exactly, the way they are devebuped B

g "' in the svectrum 4 5 . . R k. =

e
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3.3 The C-X syste! ‘
Vibrational Analysis: | ' 2 S % =
‘ The genera'l appearance of the bands ‘of the C-X system, of Se0 in

4he region 3185 - ZEBOR is shown in plates 1 and II, The bands are
degraded to 1onger wave'lengths-and ‘are intense in the Tonger wavelength

regmn and weak in cnq shorter wave'\ength region. The v1brat1ona1 analysis

of this system was somewhat ‘comp]icated due to the nverlap of several bands

of the B X system nf wSeD (Barrow and Deutsch 1963) In additiun to the

bands reported earHer-. eight new bands of the B-! X system have been phnto-

graphed in.the pres?nt ‘work (see section 3.4).

From the Frutahonal analys;s of the B - “3}:' system of Se0,
Barrow ef al. (1963) have shown that in the }( 1" state the term value of th;zw
F) level with respect to the F, 'Ie):e)vis -172 ! and that F, .ﬁd Fa 1510_!}';1

“

Tie very close_togéther.
3 A .
An attempt to fﬂ: a’H the observed bands of Se0 in the region "
3185 - 2690 X in the B X system was not successfu'( " It was then reaHzed
that the separations of the intense band heads 2t 20, 9 R (35314 a7}y,
2905.6 R (31406 en”l), 258315 R (33508 cm'?‘) and 3064.8 & (32619 cn ) are

h 908, 898 and 889 cm 1, respectively These separations are found to be in

.§ooﬂ agreément with the AGV

g values (905, 897 and BBBQn 1) of the ground

state uﬁtameq from the: analys‘ls of'the B-] X‘systan (Choong, 1938, Barrow

e_@ﬂ., 1963) (also see Azam“and Reddy, 1973). " The close proximity of these

- separations suggests that the lower state of the'new system is the ground

state Xaz", Another c'lue which he'lped to guess the nature of the ground

. and upper electronic states of the new system is’ the separat‘lnns between

various band heads in a group. For exanmple, . the foﬂomng separatlnns are f

‘noted for the’ flve bands near SMX i v P s

-




30 35" 0,4 1,4
C(sﬂa) st_ (“F__'; 0,4 1,4 0,3
c(m,) -X 2{(Fl) 0,4 1,4 0,3

(F) 0,4 1,4 0,3
Cl 1'I)’Xz{(l-‘z' Fy) | | | 3039.0 &
3184.1 A
- >: (R - z (Fy Fy) 5 i 2
553 (= b 3 (F) 2,4 1,3 2,3 I52
e’y X% (F) 2 0y
% Sf(F) 1,3 0,2
C(H,)-X > (F.) 1,3 0,2
- o (Fz) 1,3 0,2
C(Iy - X z{(F;-Fa’ [ o2 [ ] 2911.8 A
3039.0 & !
):(Fz.r-'3 33 (R.Fy) i S I
BXPs R -2 R 33 2,2 13,2 2,1
3):" - X 3}:' Systems of Se0 in the Region 3185 - 2900 K

Plate I The . (°m - X 3 and 8

=gl



cCl,) X% (F) — e
cn .)-Xsf ‘(’F,'z)) 0,1 0,0
0,! 0,0
3c((F) ¢ :
cCy -X’s{ie) o %
2938.2 A

= 2830.9 A

- E(FZ.F3 ztrz,r,)

E(F) — Z(F| 2 T z.l,l zl.o

B B 3,1 2,0 4,
C( 1) st_ ((':.'; 3,1 2,0[ 4, 5,1
cCm,)- x>z (F;, 1,0 2,0 3,0

- 1,0 3.1 2,0 (4,1 3,0 5,
C(3II°)—X3: {EE")FS) 1,0 |3| | [ I

28309 R 26914 &

i { F.Fs) —32 5. Fy)
* (F

D=8 F) 3.0

Plate 11 The C (3m) - X 32~ and B 3¢~ - X 35~ Systems of Se in the Region 2940 - 2680 &

-2 -
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" *® J s
. ! -
) 3 -2 - e ‘ .
iy ; 1 - :
£oc .. T () 20835 R-(33508 cal) <
: " = r = .. . v
: ol 5 P . nat -
4 *s : “
. 8 = i, Ny
37 = (11) 2989.9¢ (33437 cm .
B el . = |
z ) . 85 an! ”
. o P ! .
. (111) 2997.4 R (33352°0n7})
o ) : . .
. o g . -
* (4v) | 3005.4 (33263 cn’)
. \ N
) I 178 en”t
S 8 . 89 cnt
5 e (v) 3013.5°R (33174 cn™t) .
cw 3 h In this. graup' of bands, the separations between the band heads 1) and (iv) -
: on ore hand and (Hf) and (v) on the other are 174 and 178 em 1, reépec-
(o7 Y Nvely These separat‘lons are close to the value of |-172] cm » the .
e A separatjor_\ bevneen the sublevels F and FZ'F3 of the". X3_1: state. -This
- uh§_ervatfon also favours the ‘assignment of the' lm‘er state of -the riew system
- - ' *as the’ground state X?:' Thé average s,eparatior\_ibemeen the band heads

b (i) an’i (i41)s and‘(ivj and (v) is 87 en! an& the separation betweer; (i)

and., (H,) is 71 em: ¢ This 1nd|cates ‘that the upper state has three sub-

& .st}\tes and may.| poss1b1y be a 3 state S * L
Due to unusuaﬂy large separation hetween Xa = (F ) and XJE' (FZ)

sub\’evels and c'lose1y-'|y1ng X V(F ¥ nnd K (FJ) sublevels of the ground )
s;ate of the SeD mc1ecu'le, the Fo'l]owing sub-systems should be ubserved in

. systql wh(ch are allwed by the se'lectinn ru'les a0 =0, 2!




) ST - e

W) ety wy) S

§ a0y oy -

.
- i) el - -
S el X ) .
W ol -t wp - £
2 t . In the observed spe:trum; the syb-systems C'(-anl)’» X ):"(F‘ )'a/nd,; »

C(3ﬂ ) - X (Fz) are deve]uped wéil wsth an average separation of 173 cvq

£ 3 between the cokrespand'ng band heads.” The sub -system C(ano) - X

!
'Itself is strang but the hands belonging to the sub-! sy;tem C(an )
B G K X3 (FZ‘F ) are’ diffuse.. The sub~system C(3 2) X3 (F )is mnderate]y

woow intense o #

L

Assumng the C state to be a regu'lar n state, the sub~systau

,with the h1ghest Te va‘lye has beén nssigned as the ( .!12)?4 3 (F )
transition. The‘ other. sybsystems. in -the decreasing order of Te values are B
Cry) = %57 (), Cny) = % (7, Crgl = %7 ), () - 3 El N
o The wavelengths ).(x), vacuum ‘wavenumbers v(cm‘l) the visual
= estimates uf thew relative intensitiés aud their vibrational quantum
numbers of ,the bands of aﬂ the above sub-: systems have been Tisted in
Table I The Deslandre s vibrational séhemes .for these sub-systems’ are
given ?n Tab'les II, III and IV. respectively. i i .5
o : The va'lues of 6 sy are plotted agamst the currespondmg v+ k
'7 va1ues for the 'Iower and upper states of each of the sub- systems as shown:
. v An; F'Ig 5 T)lese,p]ots gwg stra1ght Tines which can be represented by -
the eqqaticn (8)." The int’erc_epts and“ 'slopes of the straight lines whig:bvv

A
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CTABLE T i
- . Band Heads ‘of the ¢(*1) - X7 Systen® '
& +in the Regfon 3185 ~2600 8 < -
I a V T 1
0 sooA (air) “gbs. (v'ac.upm)' Relative e Fen o’
®) (emily - Intensity® = - . cobs.  Tealc
.“Sub~system ‘C(3no) = xaz'(lfl) ' ke
“ates6 [.o3isel n 0.4’ -
3079.5 060" . m 03 w2
o 2997.4 + ¥ 33352 s . 0,2 [
2918.9 34250 s Tol. o
2843.6 35156 m 0,0 . oo
2797.8 35732 Wit 1,0 o
2780.8 35951 i 13,1 o &
" 2758.2! 36297 LW 2,0" 0
2738.7. 36504 . W 4,1 o
oz 36857 W 3,0 0
" 2698.2 37051 e ’ LW 51 f .4 ‘

4 b ‘, Subsysten C(ano) - Xaz'(Fz.Fa) ) P
3013.5 w174 w02 i
2934.5 34067 Wl g

Comses a2 00
M12.4 . 36846, NJ 10
L amz,  Cam S 3,1

) & « . . :".v | v



- G

"

2926.3 V' 34163 m 0,1

C% L7 TABLE T (continued)
— - o7 il ' g
= =
2 (air) Vobs.’ (vacuum) Relat.hle P . . i
, (ﬁ).,‘ (el lntﬂ\sityb t, v Tobs. “F‘f
, Sub-system 6(‘3'111) - XBI'(FI) ’
. 3156.5 an o "o coa
B 31001 32208 FF W 1,4 -1
T aons g w03 Bl
' 3018.0 aigs - o 1,3 -1
" 2980.9 33431 n 0,2 1
eI " 34334 v 01 - ‘o
28367 Mz Tw. 0,0° 0
2791.0 35820 Yo 1,0 e
27735 36045 T 31
p ey e W 2,0 0
27315 36600 - W A 36
. 26918 T 5,1 45
5 _ sub-systen ¢°n,) - x07(F,)
7 ——— .
Lo T mrae e s T w0 0.
5 ae7j - 32076 W 1,4 2
. 3087.! ss w03 )
3033.7 I W g ¥ 1 “
1 g005.4 33263 m 0,2 A1
= +1 .




<y

i
TABLI_E I' (continued) /

-25 =

(vacuum)

“A(air) v Relative o %
®) (pﬁ—l) Intensity® - b Vobs. " Veale.
) Sub-system c(3n1) - X57(F,) (continued), )
2850.6 35070 n 00 - -1
804.3 35649 i T oL m
| 7e7.4 35865 w 3,1 oA
2760.5 36214 . 2,0 ]
2718.5 36774 M 3,0 0
Sub-system C(snz) P )
w2 s o +2
3093.0 azs21 W +3
3064.8 2619, m 0,3 =
1.5 0 3197 W L3 +2
- 2983.5 3308 s 0,2 0
2056 34406 n 0,1 0
2830.9 35314 m 0,0 ¢ -1
2768.5,, - 36110 i 3,1 +2
m2.2 36456 S 2,0 41
6.7 3663 w Tal e

[]
a: A'Il‘ bands are degraded to !onggr wavelengths.

b: Abﬁreviations used: vs, s, m, wand vw denote very strong,

étrbng, medium, weak and -ver'y weak, rgspectively. o
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A Lo TABLE V

: 25 P
. \{a]ues of Mean Aswi and A Gv

of the C-X System of Se0

gt sxa 21 "
LoV a6, o) iy

e i o) @l @) @) x

 sub-system ¢’ng) - X1 (7)) o R
0.5" . 576 ' C gt
1.5 565 o eed
5 e 3 7 -5 ST N
o s 2.5 * 560 . “ 1888 : i

, 4.5 553 . . gg ) .
4.5 547, . . . & T

"

ads,
1

"y o * Syb-system C(anl) -9 (Fl)"‘ ;
Coels o 877 908 I
a T . -9 ! EH
1.5 568 0 e
) 26 RN
: - oy 3 e el
A5 555 ‘877 . 3
T -1 '
45 se4
] 1,
. g s 0 T F
. L .
s P
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L TABLEV {continued) - | ¢ s
! . . © e " ' ]
vy AG" ey AG" . i
) 2 vy v Vs )
1 o) @l )
son : H N 3 - | : '
3 " Sub-system C(°1)) - X°z” (F,) / .
» i e = g
) 0.5 579 ) 908" - iy
} oy U R '
4 1.5 °H 56 900’ - /

'

3.5 LT e
y 3 3 - "
Sub-system C(°1,) - X°27 (F)

0,5 ; ' 575 - - 908

- 100 :
1.5 3 898 o v
. ' ey o)
. 2.5 889 <. !
. @ b -
) . A T, -
3.5 . 553 S 1/
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"Fig. 5. Plots of AGvﬂs‘vsA v#y for the X 3" and C(an) states of Se0.
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- excluded;

- B o e d s i "..‘

are determned by a 'Ieast -squares method give fm - M3 ) and = Zm 3( 3

% respecﬁvely The values- of [ and o, x detemined in this way For each

sub -system were used to ca'lculate the sub system omgins Frcm equatmn (7).
In calculating the average va1ues of Ve for-different subxsystems, the, Ve

values cnrresponding to \hia funowmg weak or diffuse band heads were -

. Sub-system 3
- eCrg) - 857 e

" Bands_excluded e
(1,0, (0,3) ;

¢Cry) - 55 (7y) G, @ G
‘ ; None = . ‘
k. AR Y (4;1'); W '

For- the ‘sub- system C(sno) - (Fz, ) data ts 1nsufficient to ca'lcu]ate
the @rational Eonstants., The. mq]ecu]ar cunstants qhta1 ned for the :

different sub-systems of. Se0 are g‘lven helw in em 1

" For'C({ -“01 - 3,:' ' / .
% - =38 ot .
= 4:0
- o gl =
o vg =408 v . ; )
= S S v
fu;x"? 4.00 : .
" u;x‘é‘= 5.1 ¢ ! g
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.VFQM(.FZ): s

5 . & ot - ve = 35237 . o
= g Y <3
8 .. T ix?
. . o f"e"e L . N
. - 919 %= B
. 3 19 “Ex‘. 1 .
2 . 3 - c e o
Bre . For.C( nz) j! (Fl)"-'
g v Y .
‘e . . & a ' X \le‘= 35484 . ; "
N ' ¥ > i ® 2 N .
) g T B2 Wk E37 L. T g

= 929' ugy = 5.4

The T, value of ‘the present system i3 35150 cn™L which Ties
bem‘gn’ the B state and‘the old C ;tat_e. Therefore, the upper 'statev in the
g present system has been labelled as the 6(3") s‘tate_ and the previous I N
. " designations of the states C and D (Reddy and Azam, 1974) are hereafter to
) b; referred to -“ o(n) and £(37), respectively..- N

Finally, the wivenumbers of the band heads of the sub-systems are
represented by

following equations: *

z ().

3 (Fp):
S8ty + ) - 3.5+ )2
1914 (v 4 ) = B0 (v )

C ey - e (e

y = 35408 4 585 (v' + %) - 4.0'(v' + )2 - o
- ) LT s v - 51 (v iYL
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(1) cCn) = %% ()
v 35237 + 587 (v +’s)-4ﬁ(v‘+‘s)2 i "
% ‘ .-[919(V“*’s)'-51(v"+’s)] )
! () c(3n2) -5 (R -
Ve N i N i
G o= 35484+ 582 (v ) - 3.7 (v + )2 i
Lo e esa e

.'* The wavenumbers of the band heads uf the sub- systems were

calculated by means of the above equations - The values.of (v

)

were deterfrined and areé listed in Table I. The di]fferences‘range from 0 to

obs. ~ “ealc.

6! '

: _Theﬁvibi‘?;io'ﬁal constants for the ground state obtained in the
present inVEstigation are in good agreement with tlhose obtained from.the
rntatwnal analysis of the 83 -0 systen ﬁy Barraw and Deuf‘.sch (for

i
914 69 cm , and/uexe = 4.52 cm” ' for F2 state: wg =

i

Fl state
915.43 cm” , and “‘exe ¥ 4:52 cm’ 1) The average difference between the F‘

and F, subleve’ls of the dround state turns out tobe 174 en” 1 ynich

. comp{res favourab'ly with the valie |-172| ! given by Barrow and Deutsch‘. «

These smal'l discrepancies are expected hecause of the fact that the ahnve

i ‘authws have used band” or1gins,1n theiv‘ ca'lcu'lat'lons. whereas band heads ;

il ' ¥
have heen used in fHe present work LI il i

3 4 Extension of the B - % System L ;
In “the region 3040 - 2800 R eight new hands were opserved which

are'degraded to Tonger. wavelengths. These bands_did not fit in the
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Cm - x

; 357 systen. On_ further. investigation it was found that they

belong to the B-X system and fit :ln its Des]andre s vibratipnal schene
;Tab]g VI lists the/w\avelengths (ﬁ), wavenumbers (cm 1). v‘lsua'l estimates
of the intensities and the vibrational quantum numbers nf these bands .
In Table VIX: a pqrt of the vibrational scheme of the B-X system has beér}
given w)fiqh shows the newly found bands along with ‘; féw bands observed by . '
previous workers (}isumﬂ, et al, Choang-Shin P‘iaw‘, Barrnw et a]) Out u;

eight new bnnds observed, seven fit iinto the 83 *

(Fl) sub-system

. and one f"ts into the 83" < X" (F F3) sub system The 1ncons1stency in
sy va'lues has. been attributed to the h1gh'ly perturbed/state, as shown b_v

Barrow' and Deutsch (1963) " it

3;5 Mo'lecu'lar'cunstants and the Electronic Configurations of 590‘: ;

The épectroscopiq constants of all .the‘ known electrohic states 6f
the Se0 |:||o1gcu'le are Sumarizéd in Table VIII and-its eriérgy level diagram
is given-in Figi ‘6. Potential curves are given'in the Appe’nd'lx.

’ , The electronic cnnfigur‘atiﬁns of{,the 0 and fSe.atoms are:
5 ; |

B kasfopt s 7 ose KM ashgp
P (X

The gruund state e1ec;ron configuration of Sed is then written” as (see

o Mu'Iern, 1932, and Herzberg. 1950, Chapter VI):

" By KKLM(ZU) (ya)ZM) o) (\m)2 HEE A L V)

The electron conf1gura\‘.1on of the 'low 'Iy1ng excited; states of Se0 are

-

KKLM(za) (yo) (m)“(xa) ) ws) ',13r;r . Sy
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i 1.
) TABLE VI 3
""" New-Band Heads of the B%:™ - %1 Systen® of Se0 4 gty 2
A (air) ' ."abs (vacuum) Relative o i % E
: . . g :
LI . (3) % (cm'l) . I‘ntensity_h _’7 i
L a030.0 32895 n 3,3
i Sl 29673 391, - s K
2959.2 " "33784 o 3,2
. 2890.3 34588 ) s’ 1;0
- W , w8 1o
2882.6 uesl - s < w
g 2847.4 35109 - s 2,0 "
28151 . 3613 W K A, £ S
_72809.1 35588 .. . W _3,0

a: A1l bands are degraded to longer.wavelengths " b
bi - {ib})'reviations used:l‘ s, m and w.denote strong,
medium and weak, respectively.

® fhosise S 1
¥ "

F,




3 . < P .
5 %0 o2 ¥ b " 3

. B " mABLE VvII T - Lot
Vibrational Sch’éng“ of the 8% - %" Systenof 5e0 e 3
0 1) 2 sV i3 A s
P 32284 (F,) .888.1° _ 31395.9 (F) 876.8 - 30519.2 (F;)
. :: B 74 L 75.2 e 6.5 -~ -
’ b 32210 (Fy) 889.3 313207 (F)) * 878.0  30442.77(F,)
g 517.0 . P .508.1 -
3 z s16.7 S s . 519.7 “517.9 ,
34588 (Fy)* 897 33691 (F)* 890.0 ‘328010 (F)  893.4° 31907.6 (F;) - 880.3 . 31027.3 (F) g
- " - 2 e 74.3 . o = 67.2 66.7 '
S Tl mmed (Fp) ~ 886.4 ° 31840.4 (F,) '879.8  30960.6. (F,)
B 508 499.0 T - . 8067 - v 2 507.3 .
i 526.9 - © 5247 s, BB
35109 (F))*. 910 34199 (Fy) - 899.0 33300.0 (F,) ~ 885.6 32414.4 (F))  879.8 ~ 31534.6 (F)
g ¢ 42 ws WG =y, F 49.3 w 52.2-
‘ 38157 (Fp) - | 33253.6 (F)) 8855 . 32365.1 (Fp) ' 882.7  31482.4 (F,)
479 oL 482 484 - ) 480.6 o o B
35588 (F))* 907 34681 (F)* 897 33784 (F))* 889 - . 32895 (F))* 2

75 g ] -
35513 (rz)t ) = -

*O‘n!y'a part of‘é vibrational sc)‘mne of .B-X system is shown.

*New bands observed, in the" pre‘s-ent, work. -
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KKLM(Zu) (yo) {wn)® (XU)(VW) (yo) " 1+ 1= LY
L3 e, A, A )
KKLM (za)?(ya)z(ww)4(xa)(Vw‘)a st B ' (14)

1

Higher e]ectromc states of Se0 require excltatiun of e'lectrnn(s) from the
(ww)4 orbital. The three states arising from the grnund electronic
configuration 2 ‘(expression (11)) are attr{buted to X3 5 a(lA) and b( i+
(Azam and Reddy, 1973). States c( T ), B 2" and E(;’\z ) probably‘hﬂong to
8 the conf’lguraﬁop given by express1on»(‘13). States c(;n) and D(an) may
arise. from configurations (12) and (14).- Definite conclusions concérhjng
- séveral oé these electronic states and the questinn whéther a given ~3n
state 1s regular or inverted must awa(t detaﬂed rotational ana'lysis of
the band systems of Se0 arising from these stutes
t
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APPENDIX

Morse Potential Curves for the ,X T b(lz s B 7z and C(an) States -

" of the Se0 Molecule: v

i In princip'l‘e, trie potentia] energy curves for electronic states

of a molecule can be.constructed point .for point without assuming any

analytic expression for the potential: function if.a sufficiently large .
number of vibrational and. rotational states are observed for these \

electronic: states- (e. 9. the Klein-kydheré method, see Herzberg, 1950,

b " 102). The truencurves obtained in this way are generally in faiHy

¥
close agreement with the curves obtained by the 'Morse potential Functhn.

- Moreover, the Mnrse curve ismuch s1mp'ler to calculate and, hencie. it is

' example, Colin, 1969).

frequently used for the representation of the potentia] curves (see, for -

The Morse patent1a1 function for a diatomic molecu'le is written

‘a(r~r' 4 :
U(r - rg) =D, [1 e)] e (A1)

as

where D is the dlssuciatwn energy (In cm 1), referred to the mmimum of

the,curve. 8 is a constant depending on certain molecular parameters of’ the,: »

‘molecule, r is the internuclear eparat{un and r, is 1t§ valie at the

equilibrium positjgﬁ. If the'y, bratlonal 1evels of an electronic state
are obseriled_ ‘up_to the,maﬂon Hmt the dissuciaﬂon is obtainea’
d{rectly with great accuraéy However. in the absence of such information,
D 15 ohtamed from-a Wnear extrapalat{on of the vibratiohal 1evels which

gives risé to the relation




i o >. ) “(A—Z)A' L 5

For 02, S0 and 52’ th1s relation leads to dlssomation energles which are
> too 1arge by a factor ahout 1.25 (see, for examp'le Barrow and. Deutsch.

1963) In the presey\t work. the same correction factor has been appljled

in calculating'the dissociation energies from equation (A-2) for the states’

X, b, B and C of Se0, The quantity. g is given by " i e
: p : o ;

2 cuy
’ A, b
= 1.2177 107

15,0 b o

where “'A is the’ ret‘li‘(ced'v‘nass of the molecule in atomic units. B1rge

(1925) and Mecke (1925) gave the following’ empirical relation chh is

" valid for’ different electronic 'states of a given molecule:
. 7 i B iU !

W 2 L ° ~
¥ g _constvant.. " S b (A-4)

Fl;r“SeO,ﬂ the re ' ‘va‘lue in éﬁe X state was derived b} Barrow and Deutsch L
l‘ufrom the rotatiuna'l ana1ys1s of the B-X system.. The approximate va]ues

of ry for the stntes B, b and € were:calculated from the rg value of '

state X'by means of Eq (A-4). Tab'le IX lists the 1mportant spectrascop{c
constants of these states which are: needed to sketch the Morse potentia] o "
‘curves Final'ly, the calculated Morse potenha'l curves. for the Xy b, B
7 and c states of SeO are shown in Fig. 7. S

Pty s i s
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. ‘\\ o= . TABLE 1X _ : -
B L. g e  ‘Constants for the Plot of the ‘Morse Potential Function p a
ke Tt % "o (%05e0) = 13,3917 a.niu. g
/ - [ re' LDt 8 2 . 2
State K R b = 2
. = . @l @ (J‘?». ® )/ . !
T 5 - 1
cCry) . st . 81° 3.5 2.06 19280 1.86 i
e e Fh 4 v . 5 J"
By 3010t - 522,38 3.9 2.17 - 13990 - |
§oa ) 9570.7¢ 838,99 5.5 172, 27509 T C
; . A : . <" 3 i
= TR, 0.0 (Tt msar® . as® ves? . 37080 s 2 T
. a3 i pe s 27 g
: T *Corrected values (see text). e 5 : EE i
_ """ "%arrow and Deutsch (1963): . for B state Top is given. s ‘%
- Yh2am and Reddy (1973). — 3 | . e
< ®Present work. .0 - Lo
. = / " ‘ A
L AP - P 2
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Several comments are necessary concerning each electronic state:

The X1 state:

) "The vibrational_levels of the Xax'_state are known up to v = 19
r(lv‘laranath, 1964); - The vibrational and rotational constants given in
Table VIII are those derived by Barrow and Deutsch (1963) from the .

s rotational analysis of the B - }(32' stéem. The curve in Fig. 7 Corres- .
ponds to Xa‘z“ (FZ) as Fz indicates the zero level, The dissociation energy )
of the ground state. Do’ has: been est!mated by Barrow et al.to be abaut

*100, keals mo'le . 1 The dissociatwn products are the: ground state atoms
ey and o). . g i 1T T e
‘The blst state‘

The low '[ying states a( A) _and b( £ ) which arise from the ground

" state atoms have both been observed (Azam and Reddy, 1973). Cnnstants for

" the b(li:4) haﬂve been:derived from the analysis of the b-X system. However,
the a(l‘Ai state was not well developed and only one sequence consist!ng of
four--bands has been observed; heﬁce. its constants are undetermined. The
b}'):+ state dissociates int\fa the ground state-atoms Se(aP) + O(BIP), its
dissuciati‘gr‘l energy being.27509 et i

}he 8% state - B ; )
The 857 state is highly perturbed (Barrow e£ ﬂ:, 1963) and

‘appears’ to be predissuciated at v > 3, but in'the absence of detaﬂed study

this does not give a precise va]ue of the dissaciaﬂon energy. - However,

this has been ca'lcuIated by the extrapolation method for 83 "(F ) sub-

~ —-’state.~ This state dissociates at an energy level ftnkmg that of Xax to

-1

- be z;arn) 10820 cm Th1s indicates that the dissaciatinn products Lare

o



Se( D) + U(3P) which correspond to’ the atomc energy- Tevel %16 08 cm™

(see Atomic .Energy Levels by C. E. Moore, Natmna\ Bureau of Standards,

* Circular 467). The discrepancy is attrlbﬂ‘ted to the fact that only two

- points are avai}lab'lrev to the 4G

sy VS (v.+ %) plot and hence the éxtrap-

olation is very crude. "~
o

3

The state:

’ djssocwtion energy of the C(3n0) substate turns out to be n 19390 cm

This, value lndlcates that the state C d!ssoc(ates very 11ke'(y into the,

_-ground state Se( P) atom and the excited DQI,IQ atom, a'lthqugh there

-exists some discrepancy between the est‘lmate(dissociation energy from,

Eq. (16) and .the one nbta1ned from the atoms Se(aP) and u( D). ma1n1y

because of* the crude extrapo'latian made
7 P

This state also seems to predlssnciate around.v > 5. The % '
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