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%:;'peii;{.ental studies of several electronic transi-
fions of the Se0 .Etee rad;aal in the’ speetx:al region
2000' -18 OOQA and of ome elactromc trans:.txon of the sbo
free’ radical in the region 3340 - 4720 & have been made. )

‘The 0°- 0 binds &t 10 296 and 10 491 8 of the near-
infrared band system b = X of Se0 Have been photographed a at
high resolution a;:;i thelx rotational stzuctu:eshave been
analyzed. . The analysx.s shows .that the bands rep:euent the
transition b0' -'x0%,1 (X being the case (c) i~ ground
state .of Seo) Rotational constants of substates xl .
X,1” and x,1 + 56 the groum thate a}m that of state bo™ have
besn derived. The obderved isotope shifts of the mcauclnay
lines of '8Se0 from those of a°5eo are in good‘agzeement
with the calculated values. Franck-Condon factors and -
cenu:tnds are reported for the b-X syshem. * g

Three electronic. band ‘systems af 5e0 in the spectral
regions, around 8 000 &, 6730 -,8570 A and 2690: - 3190, A
have been observad for the first time’ at med;nm resolution.
vibrational constants for the uppet ‘and lower states vf
‘these transitions,. whenever possible, have" been derived,

Vibrational analyses of these systems suggest that these

arise from the transitions a2"=:X,1; A0,1,2 = X07,1 and




el tions qf the opserved R anﬁ heads
: vib:at.mnnl struct:ure of o knwn btief band systens of

" se0 in the region 2070 ~ 2270 R nave been reanalyzed and

\ pxaviously known Bln ar.ata of ‘S0, - - b Faha

- and the rotacmnal éonatants dex:lvad. -

ot e e

216 -‘ xo*q respeckively: . Approximate’ zotational: "
s

.cnnstant B, . £ lcabe aor A is sn:ix tgd fzum the iepa_xa- =
r

Pnnnd Qheadn‘ The ! |

the-, mplacula;fcnsta.nts derived. Pgmn tl'ue annlysis, the

f_uns:l.tions ‘are labelled_ i al A (2150 L 2270 A) and G\ ata

Q0707 2130 A). Kleln-Dunﬁan! potent:.tal ene gy . Curyes are ; " i

consf.ructed fot ‘the by i 'bn . By 0 state& as. well ag’ the

The 0~ U.and/l-. 0 bands of the a%s" - xzn/ Sub

system of SbO ‘hive been photographed under high resolution



-of wave mechamcs. As .3 matter ‘of fact_ h several mstaneeé

mulecular Bpectrascopy supplxed excelleﬂt conﬂmamcns oE

the predictions oﬁ wave, machalucs and thnr helpeﬂ 10, estab—




i formed .f the’ Group VI elemants o! the pe:iodic tabl’e, one.."

v 8 and se contam four P, slecttcns. The electronic states

.. " # has zero spin. Even though the' ontemst ele’gtxoﬁs ‘play a

the forces b:«atween the .at.omsv c_E ti:e molecule and the heat‘s
‘af aisscciation can be calcilated. ;'Fiom a study Of the
-rotat10na1 Elne sttucf.ura of the electronu: bands, che
moments of xnert:a (hence the internuclear sepa.rat:.cns) and
t.he natux:e of the coupung hetween the electronic and rota-
tibnal mor_lcns of the mlecule can vbe determined with qreat
precis13n. The information thus obtained for the individualy
molecules by spebtrcscopic methcds enahlea ua tu undexstand

n\any cf theit physlcal and Q\emical properties. %

11 - Electronic' sbe‘ctia of 0

Eor the ana].ogous d;atomic nwlecules 02, SO _and. S€0,

s:mular electxunxc

expects wmnn a first approximatx

states ecause- the” ‘most, shells o eacho ehe’-amms 0,

o' °z aiffer from those of SO and Seu at Teast i two
respects,. namelyp :hey are eu;her even (q) or odd (u} 1.
because of -the Bymetzy of the nuclei in 02 and they have. . “

orily symmetric,rotational level’ because:the oxygén nucleus , -

major role m detemining the moleculax’ pzapezties mentxoned W

abcve, the inner ele::trnns ‘and masses. of' the nuclei’are o

also o onaxderable unportance. -In iact the xelatxve pcsi-

 tichs: of the electronic states.and L;,he nature of the couplmg

hetween electronic motmn (c:bital motmn as well as spx Foh % -,

e °




and the rotation of the nuclei are dependent to a consider=
sble. extént on the electrons ofthe .umer ihells. s L

detailed study, of the eleccﬂanic sfiectra of analogous

molecules enables ‘one''to determine the - nature of, coupling’

. between f_he electrnn;c notibR-and: the rotation of the nuclei . -

in ‘their varioug electromc acaﬁfen and’ £q obtain ‘a pzoper
coxralation between chesa states. # % 4
Extensive 1nveat:.1gatmns have been carried out on the
4 electronin band speccrum of 02 both zn emission and abso;p—
" ‘- tion, for [a long pexicd‘ extendxng over ‘'several dscad

RS " mese studieu have led ‘to,.great advances in our

.ing of the -structure of 02 in' its gra nd state as well ‘as.:

“in-a laxge num.ber ef its excxtad m:atas. 'l‘he number of

electtu ic: states so’ far Dhsexved Eo.r 02 is at laast 10

,.whlch have given® rxse o 14 haﬂd systems (cf Rosen, 1970,

T The gzouﬁd electzonlc state is the common lwe: state for 9 ;

af these band systems: In adcutmn, a number o “iRydberg 7

sransitions. (cf. Rosen, 1970) and several: double’ electronic

transitions (et Findlay, 1970; and the references theyein):

have bee' obaerved £or: 05~ These ‘electronic band systems i,

extend frcm 500 A in the vacuum nltrav;olet to 19 100 A

e e . ‘in the near 1n£rared.

1 g For 50, €] ree electronic band sysfems. all with a

cxmlon ground, state: have been obeerved in the spectral

egion 1900 -‘10 sﬂﬂ A and its structure in nll th " four

ele:trmuc states has been detemined (cf. Cnhn, \196&(/1969)




a gel:leral 'spe‘cgz%scf;pic study of‘ the elecr:rm(ic

: spacuhin of 'se0 in emivssionrhas been 'racenuy initiated. in
our 1aboratory and some experimental reaulta _have al:eady
been pubhahed on r_hu spectrnm (Azam & Reddy, 1973; Reddy

S A:am. 1974; dee section 1. 2) . 'rhe results nbtamed on

part’ of th;e sys(:ematil: ntnd)L and constn:ute a major port.lcn
of thxs thesxs. . £h Ty 8 ‘,‘

1.2.. Previous: Work on the Elect onic Band"
TP SEeCttum uf Se0 s

3 m' ’l‘he Near i1traviolet p’ £

Jmiscevexed by As\mﬂ%l, Jan-l(han and Sainiiel (1936) who obsetved

i 14 chnracterxstic emlssiun bands of Se@ degra‘ded (:u longer AR P
wave}engths in. the region 3230 - 3950 A by' Lntraducing Seo -

:Lnta a bunaen flame. " These authozs proposed a tentatxve

vibrational analysis of these bands. Later, Chooiig-shin;
. (3:938) excited the. spectrum of 560 by passing’ high poiet:

/electxical discharge thrnuqh 5e0, vapor and phatographed

double-headed bands dégraded to longer: wavelengths in' the
:-",_-.5 e e
region 3100 = 3950 A. . He'analyzed them intn two pystems. "~

Subsequen,tly,‘Barrow and Deutsch (Dss) excited the Enu.ssion




selenium and photographed it unde: high resolution. These

authors have ca:ried out the rotatjonal ana\lyais of 9 bands

and designated, the system as A3z L which vas later £

referred tc as 53}: ot )( o By Azgm and Reddy (1973) be¢ause

this system ia analqguus to ‘the * sysr_em 53x - x IT.in 02 as

well .as-in SO. The spm-spin intetaction constants bIA and

x‘ of the X 1: and 83 b states, respectwely, were faumey

. Barrow and Deutach’ (1963)' to be very large,  The double

B spli.tt:.ng of eaclh.band (vr=vy!

into th:ee Bubhands, two of

w}uch arise fron\ ‘Fz' e and Py F3 transltxons tha: lie

'close together, and. one of wh}.ch drises from "1 < Fl tranai.

tion wh:u:h is separateﬂ by a.n alount: ~2(A A'') from the

N S %eaaed bands of the B . X.system of 'se0 in emiasion in the

req).on 3900 = 5100 A and assxgned v;btatmnal qnuntun; num-

bers to, them. These assxgmnents wezs Ccnflmed hy the

. observed isotope- heads of. 3"59.0 and 7aseo. s

(i), *The Photographic-infrared blr. #1
By System (§%§E 10 780 R

y Rhcehtly Aza.m and. Reddy (1973) d1scovexed 46 ne!

0 bands .of ge0 degraded to. longer wavelengths in the regmn
“9490.~ 10780 8. These bands were ‘excited in.an electroder

].eas a

a hlqh powex: m.tcrowave qenetltor. 'I.‘hese authoxs asngned

headad nature of the bands’ was explazned on t.he basis qf the

*Sormer...’ Hara (1955) ographed '25: addxtmnal douhle- \

’charge ‘tube contam 1ing- Se0; pwdex and irradiated by




* L xtvz 'Fa’ of ‘the forludden ansition.

+. :
B X(Pl) and

bandheads of r.hese £wo- subsystems are found to be con- . | “

sistem: witn the expected valie ~za being the epm-" "

: sp).n xnte:acuen constaTt iof the %I ‘state, wmch was

ﬂeriveq hy Barrow ‘and Deutsch 953) ﬂwm thexx wcrk on the

B - x’z system, “The vmutmna]. assignneiits of Azam !

and ‘Reddy (1973) were . alsol aupported by the'obseryed idsin:

tope heads ‘ot ° seo, 5eo, T85e0. 4nd 76820. The remaining

4 bands wh:.ch were tentatively asaxgned tothe prabable Eor-

Abidden ttaniitlon (a A) = (x P ) by theln, have been, in

powﬂsx:, was first obgerved by Haranath (1964) who pmto—

q aphed nearly 40 bands in ths reg:.on 1800 - 2400 A under

10-: dispersionand analyzed the bands'ihto four Systes. ',
Recently, Lin our 1aboratory, Reddy- and Azanm (19741,;71!0‘:.:-

qraphed the. fa: ultrav;ul.et emiasion spectrum c:f Se0 in the,

‘region ‘1930 - 2480 R at médium dispersion and rean,a_ly_z_e,d

the vxbx'atwnal structure of the, hands. Beginnz,pq at the'’,

’ . o :
et ST g _ons'-", e ponding . - -




T(LV)

SR

Dther Bnnds of -Se0

gestsd the trans:.tloh b12+ = x3z' fm— f_hese bands. '

‘now Re‘solucim Mok o p ik

onger wavelength snd t:he spectm vas an:

Tt is

1'he first attempt to exc1t\e -the enu.ssxon sgectzum ‘of

an arc between antnnony and c;rbon electrodes.

Al@ these




5 / e OF SbO was' £otnd-- by Senqupta ‘to be large (2272 om
ax

3 studxes of ot:her bami systems nf this mnlecu e

waveiengtha senquptu (1939) remvestigated the spectx:um & )

of §b0 i the xegxon 3200 ~-6800 A and analyzeﬂ them- intu t
2

[ hand systems, naniely A%n < (47uo = 6800, 8- /and 5

B4 - 21 eg (3200 <:4700° R) The 1atter system is!

mlogous to the a -kt 1 aystemﬂ of the N0, P0-and . AsO

mnlecules. The spin-orb;t Eplxttlng in the ground state

2 -1

nd t'hat of, the

tnte s :elm:ively small ‘(132 cm

In udd;tim, here have been aeveral low. resoluuon i

‘the cPa gt s’ystem (2700 4400 A) (Lakshman, ,1éaoa,

éhimuchi, 1960), the b+ x n za5 (2750

2
X nreg gystem (2450 -

1960), the F(° A) - X l(‘

196I)a. shunauchx, 1950), the ‘E 38

2800 8) (Senqupta, 1943;  Shimauchi

and G - xzn 2 éyéte‘m (2500 - 2850 ., (Shunauchx, 1959).
o e ;

(u) ‘High Resnlutz.on WDrk
"The first high—zesolutmn work 6n'Sho was  that’ of..

I.akshman (1950b) who analyzed the rotatia?al Atruatgxe of
t.be two con\ponents of the 0 - 0 band\oj the B s ‘- X T,

syscem The . analysis was revxs#d y smgh and Upadhyay

(1967) whq were able to dsntxfy the ’lﬂ’ﬁ opic 1i nes due* to

gbg ‘ana 123gb0 Suhsequentlyh Rap and Rao ; {1968). Have,

publl'hzd a prehm}.nsxy epo:t on the rot tional anhlysis

of the 0.5 0 binas of the szz o x2

ﬂﬁVsy tem and several

These are, o

. 3260 l\) (Lakshman, .

R




“bands lof ‘the ¢~ xzn 5 and p? 1= x i sfstem Rai,

state.’. 'Rai, Rai‘and Rai' (197_4) analyz

b 0 PresenE Invest.igutxons on tl‘(e Ema.ssu;n
Spectra of Se0 anc:S¥0 5 :

reg
Upudhyay und Raji (1970) made a more deniled mvesugat;on

of the :otational stx:uctux:a of 1 = 1 /and 1+ 2 bands of the

B-X s¥aten a ‘and detected the A-type doubling in the x2 I, X

he”rocanonal :

structure’ of the 2 -~ 0 band: of tt}e‘c‘zAz,__; ix? nAﬁ sieysei’

and 'pbserved 2’ small A-type doubling in state L

I s
In ‘the present study the emission Spactra bf SeD and_

2+

nqar mfruma (~1.8 um) The BT - X2 T, system cf Sbo-

in“the

eglen 3200 - 4700 A was recorded at hlgh xesolutmn. i

u#rk ig given in Chapt:et 2. J

LA desctlpr_mn of the appaxatus used and of th

expermental are" adopted 'is enteg ;n chapter 3.

'J.'he raeational analysis of ‘the b. =X Byst:elmof SEO

~ shows that th).s band, systen arxaes f:om thé transltf.\on )

0% 2 x0":

where X is a:.case (c)’ I~ state, " Results of,

this analyla are’ presente in chap«:e: T

In the course o! the ﬂresent st dy thzez new h‘nd




: Ry ‘
¢ presented in hapter A v . ]

5 eion of seo are qwen in chaptez s.

[
A
i ,

’ |
are a2 - xll (around 1.8 wm -in thj near xnfrared reqxun) .

[}
< A0;1; 2 = xé* 1- (6730 - 3570 A) and CZ,]. 0= XO 1 (2690 i

3150 - Vibrationfl analyses have been carrxed ouf. Dl‘ I
Fll t:hese t!?ree systemL . In addi,tl.un. reanalyues of. the

vibrational lstructure of “two briet bana syPtems of SeO which -

.‘were previously observed (Haxanath, 1964; Reddy & Azam,

1974). have bgen proposed.. These brief systems are F - alA

(2150 = 2270 A) and G - .avaA (207'0 % 2130 A).

Results of

the vibration 1 analyses oi these five band -gystems are

) 1<1em-m;3ham pobent:l. energy ’urves arel consr.xucr.ed'

. fortile xlo ' Lo ’ n 0’and Blo stsates ‘; seo, Molecular,

chstants, potential energy cuzves ‘and electron conngura

mnany,\ results of the mcatqmu Lnalysiu of “the

sysx:ém of sbo‘ 'are p:esented in chap(:er 7




molecules ,whzch is

mamly pezcment to the pxesent mvestigathns is ‘pres ted.

A comprehenslve ;ecount of° the’ theory can be fcund in’ Herz='

< "'me total enequ E of a, dl.atomic moléqule within: the
Boxn—oppenheimer app:uxlmation

id neglectmq z.t:s :ransla- ,

tional and nucleax spin’ ehexgles is: represented as the sum.

Eae -



where '1‘ is t,he electron,lc tem value when the :esu.ltant

electmmc spin $of the molecule is neqlected, ,\ is the

oy g, il are labélle

PR respectivety. (l'he eleccrom.c ‘state T is nnt
“to be confused with B' ~the qunnéized projec:tmn of the
vector 8.dn the dixection of the’ intemucleax axis).i 1\ 3:

electromc state xs designated > R r.he electronic Wi

| functian v chnnges sxgn u‘pcn reﬂectxdn ata plane through

,Z‘ ~.the’ 1nteznuc1ear axis or E 15 i{t\:e)naxns unchanged. ‘The

multipl city 25+ af an alectromc staté\oi a mclecule ;s

even’ ox odd depending upon whether it has an odd pr an even
2 num.ber of electxons. ‘The parity of, L rotational evel is

¥ either pusitive or neqative depending u n whether the total

4‘-« vefuncticn of the molecule rema.\ns \Inchanged ox changes

sign upon raf.lect:lon at the ozigin. Fox_vr.he case ai non~

'degenexa T states, a !: state. has’ the, even, rotational.

levels as posxtive and odd ones as negatrve, and the reve:se'-

is true fot a1 stat

In' gthe deqene:ate scates T Ay

et r_hex'e are; 'for gachJ value,‘ two ‘degenerate’

'levels. cne pps

* of’ the rotacinnal 1eve1s i

tates w:.th n,ea is cal.led

_Lve Sha the other neqative & Tlﬁs fpl;ﬁtlngv'




{"rof & qiven alectronic sti\te :

tat: onal levels. The tem valueb o

where B %) is :he rotationa(l constam:,

“ 43‘,/,.. is. the centrlfuqal stretchxng donstant: and
h/Bw oty (gt m be confused ‘vikh 3 ot 2. M2 2)) )

hence 1s "4 ‘cons _. : 3 : i State.-We note.

[

“tat: fo R, e1ecmmc state both A and Kin Eg. (224




By B < d (W)

Dy =D = B (v e

where B and D -are ‘the constants coxresponﬁmg to the
equil).briwn internuclear separation z » . The quantxties ue

: ahd g are very small compared to B, and D requctively. 5

Bl % W e L SR the case of doublet, triplet, etc., electronic

il U7 states one has two, three, eté., series of vibratlcnglwas e

well as: xocat::.onal lev@ls. The -spacing of the zctatmnal*

F ot levels in these, dou.blets, triplets, etc:, .as a function, of
3 |
K . - "the i nunber depend on the type of coupl-

N .+%" ing betwaen dlffezent angular ,‘uomenta in the nolecule, Such-

8y i E as the electzomc orbita} angular momentum, . the electram.c
: 1 spin angular momem:mn and the angular moment&m of’ nuclear .

xotauon.v of the several: pcssible ccup_

gs, we describe
J.n the foll.ovung pa:aq:aphs thxee casse knwn as ﬁund' LT

case za), case (b) and case (c).' . - i Lo i

's case (a) the eleFt:onic crbital and sp;n

mot'uns dre coupled ihai

vidually® and very strengly to. the

v un:ernuclear ax%s.é’lxs a Aesult the orbital anqular n\nmentum
vector L and the spin- angular momentum vectar s have quan— -

‘tized pxogepuons A-and N respar.'t:wely along the

e

texinuclear

axxs, whose sim is repxesen:ed by 0, i: e

N 0‘

AHE TR

For a* ga.ven A+ 6 has 25+1 values, i.e., the. number* ml.‘ ki

" & < values. In thxs case ‘the molecuie Ls a symmetric top: with




P

S
i me total angular, momentum ? instead of A along, the intei-

nuclear axxs.l Consequently, A @p Eq. (2-4) is to be,
zeplaced by 2. The anqulax momentum f{ of nuclear rotat.\on
-now comh:.nes with ﬁ 'to fom the resultant J. For a q:.ven Q

the :{uancum number J has the possible values-

J=n'i§1,n+2,... . . (2-7

Thus the first rm:atmnal level fot a given multmplet com-
ponent of'an electrnnie state has J=n. Both 9 and J have

% e1thar 1nteger or half 1nteqex val\:es depending on whether

 ‘is an integer or half an 'integer, i.e., whether the mole-

cule., has: an evan number or-odd numbér of electrons.

In Hund‘s case (b) the spin vec:or K is not coupled

xls. In thl.E

or very ueakly coupled to the intéynuclea:r

Case % (when. it is ifferent from dero) combines with, ® to_,

the :;asultant i The quantun Rurier N.has the valies

“The vector Nin tuxn couplas with Fito

Eom the total angular. momentum 7 such that ‘the quantum

.number .7 has’ the possibl_e values (for a given value of N)

i 35w, Neg- 1, s ,,[N—SI -, (2-8)

’l‘hemfure each mtatlonal level wlth a qlven N(>8) splits
-intol 2541 components.

Aqain J < have eic‘ne: :mteqer or




bemee;x Z andg is stron;er than their interaction with the

internuclear axis. Here L,and § first erm a resultant 3

which l.L then coupled to the mternuclear axls with a com=

ponent n, and thus A and ¢ are not defmed. . The vectors n

and R couple iogethgz to form the resultant angular momentum

3. similar to Hund's case (a) the guantum number J has ansal ¢
again the possible values (for a given 2)° .

J =9, a0+, 042, . . . , (2-9)

" which means that in ‘case (c) as well the lowest rotational
level of an electmnic state ((esigna&ea by its 2 value) has
J=q. : . ) 0 "

" For, a degenerate electronic state (A#0), the two" com=

ponents of the A’ type dcubh.nq of a :otational level are

(2—10)

term given by $ o o 4wl i

o) = kgt siJ(J+1) - ‘.iaz(au)’ +

(2-11)

where the order | ’of x( is same- a8 &y and i <<61

i
Por- ‘a nondegene.rate multiplet electronic state

vu.no sm) the rdtntxonal levela are represanted by '

)
. Fj(N) B u(ml) N2

" (2-12)




iz i

5 | -17- o Ty

where ¢(N) is a term representing rotational-electronxc

1nteraction. In Eq. (2-12), for a z state each N has two

components F ‘(j=1) and F, (3=2) corresponding to J = Ns and

o ‘N - % respectively. Similarly for a 3; state each N has three

components Fy, F, and Fy corresponding to J = ﬁ+1, Nand N = 1
S

respectively.

2.2. Rotational Selection Rules
A numbet of selection rules hold for the transitions
between various rotational energy levels of a diatomic mole- .

cule. One type, the so called Ligorous Selection rules,

ho],d strictly for electnc rhpole radlatwn cf “the’'free mole-

ule. These are

couplulg conditxcns in"the molecule. For Hund's case '(a) and

case (b) these are:

s iy

(2-15) <:

(2-16)

; (2 m




~18-,
P“ 0t 0T 07, of o 0.  (2-18)
In addition, if both states have @' = 0 '

83 % 0 is forbidden. (2-19)

Transitions which vwlate the rigorous electnc dlpole
selection rules or the appmximata selection rules are cabled
forbidden transitions. These transitionsmay occur as mag-
netic dipole, electrit quadrupole or.higher multipole radia-
"tion, or may be induced by external Fields such'as in Raman
effect: or by ‘collisions with other molecules fuch as i

colhsxon—mduced spect:a. Mox:é detailed diacussion of the

rotat:.onal selection rulss qovermng spaciflc elecf_ronic

trahsitlm o SeO and SbO s

A
aectxona :Ln '!:he subsequ nt chapt:ets.

'~z‘.3, vibrational Structure of Electtonic Bands .’
» rar ‘the v1bratmnal tzansxnons between dxffetent
electronic statea :of a molecnle there is no strxct selectxon

rule as suuh' however, cheir im:ensxt:.es are governed by

the so called Franck-Condon Prxnciple. /If one neglects the

:otatlonal tem in Eq. (2- ) and the cub!.c and hiqhar ordex

terms in: Eq (2-3) ¥ the wavenumber v N I‘Esnltlng from a

v

- v1brat:im-ml tramutian hetween an upper state o and a 1awet

k- state LIRS Ty q:I.VE

by‘,'
L 4

Ao ST R

+




ey + e =Gl (v -

v - s (94

wram2h - (2-20)

- fagt ) S eg

[

(= T-F2') is the system origln which is a constant, /

He.re \De
for a given sjstem. The ‘geparation between® the terms G(v')
and G(v''). of a given electxonie s&:ace (oﬁutting agdin ‘the

: cubic'and hiqher or.deé tems Ln Eq. (2-3) is. given by

“» which is dependem: of Vi

Potential- snezgx' Curvas

: mé"schzae‘dingéx ;zave equati




‘ molecules. chever, a mnre accu:ate method of computing

bands oE the elect:onic band systsm‘_

1
constxuct the :Lntemuclear potentlal energy curves is t‘he

. states. : Orice the potential energy ’;

R . ' . ot

v -

(2 23) depends upon the nature of “the potent;al function u.

Although the exact fcrm of ‘U for a diatolnic molecule is not .

known, seve:al emair:.cal Eunctions 2 pmposed by vanous

2 authors for D, based upon’ different models of the molecule. )

One of the most commonly-used emplrical pot@ntial functxons

is due to Murse (1929) and is given as

u(x) = D, [1 = exp( a(r-r )45, el (2=24)

: whexe D is the dxssoclat:l.on energy reiexred Cc: the minnnum

of the ‘Botential and gl (2r2ci/D m"m o118 & function of:.

the mulecular cnns:an:s. ' These- empxncal tuneuons are

the! potential anetqy curves f:om kowledge of the actial

enerqy levels of the. molecule xuay be essent:.a’l such a.

" method becumes garticulatly\ impoztant £ot higmy pert:utbed

nawn for an elECtan.C

state, 11:5 ion’ can be i :‘numer:

cally to yleld ‘the wavefnnctlnns of various v1bzat10nal and -
rotahional energy ].eve].s, which ).n turn: may be used o cal—‘

culate the Aintensity" factors and - r—centmiﬂs fqr varmus

i : cne of the most, cummonly-used nulnencal methg;ds to.

Rydbetg—Klein—Rees (RRR) ‘method (Rydbezg, 1931 Kle;ul,
‘19 32; Rees, 1947). It thia method, the auxihary f\mc— i

tion cf a diatcmic mlecule ;m 'an alectronic state is

q\ute adequate for many of the electmm.c states of diammic X




ritten (Klexn, 1932)‘

SUM = (1/ - u)”/ [u-s(t kn”u.

1= hmlx) :

k= [J(J+l)h ]/B!

»B(I,k) Cing (vHs) 3 mx (w—l;) vy AB J(J+1)

.=, J2-(a+1) L sy, (z-za)

and e Iv' when

,In tema of the t\mu.ng points r min ami t

tial energy curve S(U k) can he exp:eased as ~ |

f‘i‘nq "r.h‘in )

e
vgy"(_

=) [(1/:,,‘1“) (l/'max'




Pntting 1= h(v+1;) = win) Eqa. (12‘-31) a2

. Here, w en U, WgriBeXyr Be', etc.” are expressad nem N is

gwen by N = (h/ax uc)" iz s’f
Ly

espectzvel

are Cin u.nLts of cm and cm

are. iven by

i “the tuzni_ng, &mts ’mj;n and'x

Thin t2Ee

"for different. L Uik

integraks £ ‘and g’ (Eqs.‘ (2-33) and (:
nf U cczresponding to vaxxous energy levels enables

valuev
one ‘to calcul.ate the turmng pumts rmn and xmax/ 'l’hus " s \

the potenual enetgy curves can be mgiaped by usxng the actual

: exper:unanta pcints.‘

o+ vy




“23-000

' “for the entire Targe. . In the liteiatire different méthods

»we sum::rTze in A t}le follmung) pamgxaphs the method ngen
by Jarmain (1971) This .author has shawn (Jarmain, 1960)
that his ‘Mod.\fled Kleln—Ryd.berq-Rees Method' ptoduces a

. e 5T potenual wluch .is mamemancauy 1dent1cal thh that of

s f '{Dunha.m (1932). if Dunham!s small corxecf:ion tern& are neg-

. - lected. Consequently he named "the pctent;al 'Klei —Dunham

P : 5 Eténtl;l',' Which is bas%cally the

i " some variatio(lL‘ in’approxthate nume’hcal methods. - / ,.

’ " !‘o: each enexgy 1ev91, at’ the upper hm.u: of !fntegra

E ame as the RKR except

tions fo: £ and g, Jarmain (1971) 1r.s a funcn;}n of s:he

+ form

[ (2-35)

Y».

rfor the last: three ord:mates. Ih t}us expx‘esslon % =.0 at

R e Size of the ‘swaivision for v’ 15 Hijana the.

(2237)
i

n (yllyz)/zn 2. - A (é—aa)

rom the last. two sub-'
L A




/(843 )‘* 17 °2Hy2 (zm" Pax.

=2l1y-‘,‘h/(an:2,.)”i).—g). o IR = B

- Hgever, if the 9 integralwe Have 3E/K| o = (Bnwh’)p;.
For 1nteg!at10n near the' upper. Limit B cis ass\m\ed to be of

Ax + Bx f- C. The constants A, B.and C are

If the levels a:e observed up to a pgrt ul.ar 1evel v, say

t.he calcglation of t.he vibzationai wave functmns up to




=25~

.of the potential to a consxderably higher energy, .Here

these extensians on t.he left (repulsive put) and :;].ght

(attractive part) are made by Ex!:tingvtﬁe Morse’ function .

(Eq. 2-24) o -. b A [
On the repulslve side, th Morse funct:.on is fltted

to the. th:ee uppefmst peints on’ the Kled.n—Dunham pntenual

i
ling to. the three paints, d

:eplaces che aegment of the ﬁlex " potent:tal

e

sinq the three points ., i VN Sy o

‘side 'of the pb'tenéiu :

is ot ve'ry sensitive’’to'; it is pogdible’to maks & satis

factox'y fit of the Morsﬁ functlon by means of ‘a selm.

iterative methud by wsing just loite point and: t:he slope at’

that’ poi.n: on; \:he Klein bunham carve: At flrst g is calcul-

. “ated from the point: ana slqpe fmm the relati

s l
.Ul tr)
D, um:” - u(r)
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. 8bO were

,ofa “ ve! .and_y

In this dhaptér. ‘a,
the‘ imental i L‘s\

Ctube c‘onca;mng 30440 ‘gm uf alitinony, trioxide nﬂ&:wde'n

3 'mese cnemicals lSeOz ‘and, sz 3) wen suppnea by the ﬁm:x

. uri:g House 1td BnqlantL The discharge’ tube wmch was. coni-

schematically ahcwn xn Fiq. 1. The npix-al qlass ;ub:.nq T

and two Liquid nn.roqen traps

1\2' (shoin one nnly in Figi 1)

preventnld the contamxnation. nf the puwlplng system Whi.cl\ con- Jj
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. whith con

tube wap prevented by an.electrical heater 4 cm in diameter
and 7.5 em long. 4 | ]

The spectra of both Se0 and SbO were produced by
irradiating the discharge tube with rad;ati)en from. a Ray-
theon Model PGM-100 microwave generator which 'éonsi;zes of '

a fixed-frequency, air-cooled,.cw-type magnetron bsciliata:. —

The magnetron has a full-wave rectifidd-pewes supply unit.

with a magnetic,regulatoi which keeps the average anode cur-

rent constant. Thus, the variations in the magnetron
impedance with load and, life are overcome and alconstant > .

power qutput is achieved. A cross-sectional viev{ of the

is shﬁwn 7

experimental ment of, the’

“ip Fig. 2. The; generator is fitted wu:h ‘a’ ,‘

focuses the .mcrwave radintaon ox‘x the chschaxq 3 tube D. *

- The ‘filter unit F prov es mlcrowave power Oubput with’

modulatién of bout 103 in the ﬂetected Rir. envelope: ‘-rh

“moder; PGM—].OO generatox, “with its fxlter 1n, has an’:otitput

pwer supply in ‘the range 250-800 W at'a Erequency of,

2450 - 25 mz. The wavelength 'of the nicroave fadiation if

the wavegu;de is M 8, cm. ' mo; ove:céme the hazards of the

microwave radxatmn, ‘the horn, the dxscharqe tuba and the

reflector were, shielded :.n é :eucanqular :adlatmn caqe c’

ts of ‘a metalh.c frame 26“ x'22"ix 20" 'enclosed.

Ommxlsrnm Aphom—

by & wpéér_scx ’n,»of ;ngsh size”

graph of ‘the migrowave generator; vagiEven cage, - vacuum
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- siich as a'Microwave power generator. The translational
i

i auch as; CH, ‘NHy, OH_, Cy Hez, a(:c., as- _we],l as of the

system and other accessories is ‘shown in Fig. 3.

3.2. ' Mechanism of Electrical Discharges

In an electrical discharge tube, -free electrons are

first accelerated by an électric field produced by a ‘device

kineti¢ energy of v&hes'e free eld is then
into the internal energy of the atoms and mol.acules in the

dlscharge tube due to colhsmns. Consequently, the atoms

and moleculés are exclted to theu— ‘higher energy states.

For rLolecules this inceznal energy cculd be electronxc. ,

viBratwnal and rotatmnal in nature whereas itis only

electronic M s« Higl 'er enerqy statesof atons’ and-

mlecules are inherently’ unstable and consequently, the
xcﬂ:ed atoms and moleculer give ug thelr anexgy by droppxng
lnta 1ower states Wi th the emission oE electromagneuc rad; La

" tion, of" energy v corzesponding: to ‘the’enetgy difference

between the \xpper -and-’ uwer scate As long as’the d:.s

cha:‘qe ‘tube is subjected to-the eleccrjc field, the process

. of colhsxons between the electxcns and the atoms. and/ox:
¢

mlecules is contlnued and the enu.ss’mn of ;:ad:.anon is;
-

! malnta;nad. * 5 Ty e 3 =,

One of the 1mpottant meﬂxods of obtaining emssxon

spectra of free- zadx.ca‘ls (A

time

n qaseous phase) Ls by way of électrical dxschar:es.

’In fact, the physmal e)ustsnce of diatomxc fxee radlcals S

,‘ specles havmg a’stiort life-:'
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" .are’ ‘the suh]ect of theipresent investha i

molecular ‘ions Nz, CO 002, etc., has been f;mly estab-

'llihsd as'a xesult Of the xdentxficatlan of- theu‘ spect\:a

(cf. Herzberg, 1971) Malecules “such

SEO and SbO w}uch

n helong ‘to this"

: type of “free radlcal. The oharacter:.{stic e, ‘ssion spectrum

" OF $€0 QT SbO nbtained under continuous evacuation s the

E charge ‘tube q:.ves rise to: SeO or’ ShO, oxygen and scme

‘out mm a2m Bausch and Lomb dual grating sp ctrog:aph and L b

¥ fed'region 50025500 cm T ‘has been reco:ﬂelﬂ with-a Perkin—

. /Elmer Mod&l nzs slngle-beam double-pass grating spectro

“this section

discharge tube shows clearly that 5e0, o 86505 in the ais-

ree

‘selenxum or free ant:unony. The pressnce of atcmic lines of

oxygen and se.lemum or antmony in the recorded emxssxcn .

No known euussmn bands of

,OE excitation.

& Spectroqraphs an Spectzometer .

‘A very lurqg part of the present wcrk has been ca:ned

a34m Jau’ell—ksh Ebert gratlng spectxograph‘ The arx B

system of the );eo nolecile which occurs in the near’infrac .

mitsrl Hmmse three ‘instruments’ are described briefly in. " L




4 %
g qtoups at d.wexginq angles in acco:ﬂance withthe. dlapetslon

can take one 10"

2 1engt:h of - 102 mn each and have 1200 and EDO groo es/mm

T Fig.

: 1arge concave n’urror_ M havmg diametex: of 16"

(i), The  2.m.Bausch ‘and Lomb Dual G:at:m
x §gect:mgxagﬂ
schematic - diagram of the optical azi—anqsmen: of
the spectrograph is shown_in Fig: 4: , fght from a source
enters the spectroqraph through the varxable sllt vs and, . )

after. bemg reflected by a plane mlrx‘or M, is mc;dem: on

/
the sphencal mrror sM havlng a numerﬁ.cal .aperture f/15.5.

ﬁ is then dlspersed by ‘the plane grating. G) oz £, which |
can be set into po’sitlon by means of -a rotatable turret 1.',
and a.s agam :anident ‘on the spherlcal m:n—or s which then

e
fochses it oh thel photographiu plate’'®. .The plate holder

x- 4" or' two 10" x o photographic plates.

'Gratmqs G and G have a; ruled width of. 128 n\m -and‘a groove i

SpaGELVELY.., The blaze waveléngths nf these gratings.in

the ﬁrst nrder are 1. 0 Jum and .2, 5,um xespect).vely.
!

'(ii) The 3.4 m Jarreli-ash Ebert o i ety

Grating sgecé_xcgza_gﬁ__,' t Ly
The opt1ca1 lay out of this spectrograph is shown ‘in

: ngh(: entax)nﬁ through the slit s pésses over “the .

plane grating G ana .15 im:idant on the uppe.r patt nf the R

a raﬂiuﬂ of

mn:ror renders the ‘hqht parallel and r.eflects it back to

the gm;ng. 'mp ll.ght

T of pazallel group of rays for, Bach wavelength }:he §eparate
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‘6f. the ‘qra’ting'.‘ These rays. strike the lower part woi the-
A mrxor which now focuaes them on the photoqzaphic plate P

Just as 1n “the 2'm Bausch- and Lomb" specezoqraph, the mount—’

1ng is achromatic and this makes £ possxble to uhange the .
. wavelength tange by mexely» :cmating the gzating.’ ‘l‘hs "
spectrcqraph can be sau &d with' either an HIT echelle
grating'blazea at 57 000 & and having 7.620 grooves/lnch of
a Bauxch and Lomb apecial plme gratmq blazed at 14 GOO A
‘4 ‘and having 1 200 qroaves/mm Euch of these gratmgs has ‘a

\
’I'he

photeqraphie, plates .

“(£11) - The Pe¥kin-Eimer Model 112 G
Grat: ng sgectzometex i i







. metez coupled wu:h then: model 500 'fzequency PEog:

|
'l'he reference ugnal u supphed by the power supply \xnn:

propo:tlonal to; the J.ncenslty.

mha Spectxum wag racdrded

&‘ L reco:der.'

. Egenmeru:al Procedure
: .. An-empty. discharge tube’ W
= o

e laser. Reqmrn;e 2
,__—_amnnni—_nﬁsmz—os sb—a—pcwdex was spread u.rmfomly 1n r_he

to the vag _‘ on sysr,em. ! i

Xs

bunsen bumar. It was/gn,kra ated with microwave :ad
zicnj.re

e genenptcr. 'rhe poslc on of the metalllc

guiad li‘;g. 2) was adjusted s0-that “the sband _'g wave ratio”

(vswa) in the'waveguide.be minit

radiation was on (cf All, 1969). A teslar CDll was use\i to




* 1eadoys #167 buFung
3 o, deshets Hae

TP 3O0TH




start the dxscharqe xnitlallyv . !

It was Eoumi necesaary that a. small portion 1L1 the.

cencer cf the dlschax:ge tube should be cleared of’:
Se()2 pcwder bry heating-it, befoxe t‘he Be0™ discharge was
extilted: ionde the discharge starteq in the lenter, it
extended slowly to the entire tube. The discharge tube was
ccntiﬁ\}ously evacuated during the experiment although it
was found desirable to switch off the oil diffusion pump in
the evacuation system a few minutes after the discharge was,
started. .

= Similar procedure was adopiea for the excn:at:mn of

SbO as wall. 'l‘he only, difiexence was that for the eiiedtan

‘tmn of Se0 “th

charge tube was heat:ed only at the
begir\ning, whergas for st a constant heatmd' was :eq\uxed

An sddxtxon. a ayan quantu—.y of irgcn as a cazr'e: gas 1n

s the' dlscharge titbewas -found ‘to be helpful in the:

xcxtag.iun
“Tof Sbo

The spectra in dxfferem: opti.cul xegions were photo~

graphed with chu‘k SWR, 1033-0,

~N, and 1-2. plates. The

x-u _plates vere hypetaensitlzed by ‘bathing | them in’ ~cold

. water at. 407 F and me«:hyl alcchol fcr duxatlons of 3 min

and 2 mn :espectwely. The ;o z plates we:e hypersensz.tued

i ex.milarly hy using a sulu ion of two - pazts o£ zu ‘ammonia

i




-43= 7,

Kodak 103a-0, I=N aud I—z plates were devalbped in \mdllueed
Kodak D-19 develcper for 4 min and flxed in Kodak fixer fDr

10 to 15 m:.n.

spectxal lmes fxom iron and copper dc arcs ‘were
]
used as standaxds for the yavelength callhration in the,

optlcal region (NB monograph 108. and atlas. of cdpper :lines, E

Adam Hilger Ltd‘). Thé near infrared region:yas calibrated

with the. emssion xnes of, mercu:y (Huriphreys, 1953' Piyler

et al., 1955; zaidel 1970) and absu:ptiun peaks. of . atmos—-

pheuc water vapaur (I u. PVA‘C. 'Eables of Wavqmmbers 1951)

3.5 Measurement of SEectza st S

: Gaer:nex‘ Optical compmy chmago, u.s

The least count

of this compa:atc: is: o 001 “m However, read.mgs can -be

estn\\ated correct to

DDDL mm once the pcsitions Of

standard xron or copper hnas and: ehe bandheads or rotatmnal

Hhe; were n\eaguge ‘a polynon\i;l 3
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from the equation (3-1). Edlen's formula (1953) for the

7 ;
refractive index, n, of air, i.e.,

=14 6432.8 x 1070 4 2249820 o, 23540 (3-2)
(& i 41xi0%=
B N " o “ 8
where  v(eml) = —20 z
" F nAan( ) .

was used to convert the wave].enqths in ain, Mjior to vacuum ,

. ) . AR method was employaa, to do tha 9

:;omputatxon on an IBM 370 comput:er and .the- 1te:ation was

2 ntinued until t:he abaolute diiferem:e between the’ succes—

Lve values of ﬁnas < 10

e

. ‘the :eco:ded charts. The wavemmbers v ‘of these 11nes were”/

: exptessed as & olynumal functidn of - ¢ i1 the vfo_z:m

order fit waa ‘foun to be satisfactory‘ These con—
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©7 .- CHAPTER 4. | Rk

ROTATIONAL ANALYSIS ‘OF THE .b~X SYSTEM OF 5e0.

+In’the analcgous mlecules 02, so, sz, Se0,. + Jin

etc., the lcwest electron conflgux:ation consists of & nuluber
of ::losed shells and two', elect:ons ina«x shell which give
3=

rise. to the molecular !tates b b alA, and blz , all of

I x3x: t!'ansi.tion has been e Ln'

& Herzbarg, 1948) and fur so, this trainsition was observed
“in, emission Colln, 1959) Por Sz, althongh severnl allweﬂ

g xespondmg forbidden transd tion’ 5» it x3x hax not yet- heen

x:‘:" system 6F.560 wis tizst (observed

obseried. The bl +.

of this S scem. In thiv c!;aptex a. rctational analys:.s of




i " o -46-
rotational constants of the/‘ 0 - 0 bands of the subsgsternis
bo* - %;0" and bo' - X,1 are determined.  The observed iso-

tope shifts of the rotational lines of-’8selfo £

of 50

sed o are found to be in aqtement with' the calcula(:ed

values. Klem—Du.nh otential ens:gy curves foz b0+

xlo states are conatructed £rom the obsezvad data and are
givenin Chapter 6...- Franck-Condon factors and :-centmids \
s a:e calcul.ated :Eez the bo - xlo subsystem and ‘the 1nten§1ty

distr).b\ltl.nn in < the rotationa]. stxuct\:re of the 0 =0 bands -

£ briefly dianua.ed., ) ’. ety e

1nherent weakiess ' of the bands ' Eihall 3. the: spectra were.

RauiL hed on ‘the 2.m Jitt.rnw ‘type pausihiand: 2 spectro— ey
{’ ’

g;aph both in the tust or.dex ‘of, 2 1200 gru es/

af a soo\gxgoveslm plane qratinq blazed at 25 noo 8.
iytccal dxsparsions‘ of 2.93 cm /mm and

I's

450 A, respect:we.‘l‘y The slxt ﬂiatn of the

g:atlnqs gave the lr

spectrogzaph was maxntalned at 50" -um’ Hypetsehsn;i;eﬁ Kndak

plates were used to- photbqraph t_he apecf.ra.

thnes variad from 10 hours fcr the ‘ﬁixst—atder spectra to 22

honrs for ; the t!u.td order spect—.ta. E pact:al lxnea fram a dc




howevet, this adcuracy was not cbtained- £or blended ‘lines, '
- / N ¥ | 5 oy St

%, . -4.27 & % T Blectronic Stite in Hund's_case .(b)
/ H cgse_(c s
/ 2
/ . A % atate can be‘de#c:@ed by. e:.f.l\ex Humi s case

(b)--or Hund's . case (c) depenqu upun the ntrengr.h of “the
coupling ‘of the’ electronic ozh!mu Anqular momentum 1 and .
'the total electron spin S vith the mtezn\mleax axis.' The

13

O ¢ splltting ina’ % stat:e has been discussed by seve,x:al

authors: (Keamers; 1929; Van. vieck, 11929 Bebb 1936 Schiapp,:

3

‘n ontrxbu:ions to the splltcing in"a:

T stat§

the fign:e ax:.s, il e, i : E ]

(n) “the interaction:bet the' . spins and

e rotatxon aki the molecule as

N the magﬂetic field

ithout xotm:mn the pzaceaswn of’L foriay state is .

ear axis.o But 1n a rotatlng




i o G . i i .
“results .along N which cDIlple!'tith E_in the same way.as .
*"' | waking the ahove three contributions. into account:

N | | the tnplet oamponents of a3 atate in Hund's case (b)’

e 3 couplmg are given by (Schlapp, 193‘1-‘ﬂezzbezg. 1950, 'mumes'

& scllawlow, 51955)

(4-1a).

In these exptessions Fy R a7y bete o the levels with -

w1, i N,/and 3 N-l-re‘spe'ct‘ivelvy’. and A 'and .y are

:espgctively the spin— pm andrapm-rotutio 1

ffaction
n the above equa-

% ‘constants. Numally, terms involving,

S arise from “the fusc contr).butn:n and‘also from the'L.

uncouplling. ’l‘he tems invﬂlvmg 1 -are' due o chtnbunons g

ever,.'as atomic num.het incxeases,). begxns ‘to assume large

values (more: precxsely, AV’B ) so tbat for heavie: molecules

thg coupling in 3 he 3™ state approx utes co Hund's .case. (e) .




* the ‘temi ‘values. of the. xotational. levels of.a- cade, (¢) %~

Thereiore, as the spin-rotatu’n constant y remna aluaya
smal]., the Fy levels separate to. fam the levels of an
= 0" .state; whife the F; andF,, lavels coivérhe td form

the levels' ofsan n =.1 state! More spec;fmally, the Fz

.@nd Fy-levels dorrelate with = 17 and-1* xespicuvely.

_state ‘are repregented by the following expres;ions

% ».(4—23)’

5 ot a case (b) 3z aeaté is ta17 n as

‘minimunof - the P lev
ZBL‘Q whsteas :m cass (c) notabion, aa written here,< the .

levels is taken as zero. t‘oz: the :




50—

case (b)

(jk
case (c)

Fig. 8. A schematic energy level diagram showing a
transition of a 23y~ state from Hund's case (b)
to case (c).



* in ¥ig. 9. The new measurements of the bandheads of both

. ;e
4.3.) Results. .

4v = 0 sequence of the b0" ~ 0%, 1 system of'Seo is shown

=0 and ':4‘1’sequenbes agree es‘se'xitiallvaitﬂ ‘the data

zepoxted earller by Azam and Reddy (1973). “Thé, b’ands“,w}iichv

' hive beem assigne v them to ‘the subsystems b]1:+ 'Xaz-(l’l)

and bt~ »va (F',FB) are now des:l.gnated 4s the R heads of
b0+' xp* . o

= xl, zéspectivély. Paxcicularly the

been tantauvsl assxgned by t em to ehe a.~X system

now aLaiqned as: wthe Q heads of bo = X1 (Barrcw & Lemanc:yk,

1975) . '.l'he vacu\m\ wavenumbers, vxb:ationar quantnm nlmbers

x uys:an afVSeo nre shown in mg.»m. ‘l‘he 1 ne-spacinqs
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TABLE 1 Ak
Bandheads. of the b0 ~x0",1 ‘system of, 80500 N

: T o .

in the region 9490 - 10 780 A

I g

. \iobs(vacvﬂﬁ)'),,‘ . vyt o "Head

3.

Subsystem bo*
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“band bf the boO"

[ ¥o', 1 sys\:em of Se0 are shoun in Pig. 11.

The bo = x ‘o* subsystem ‘which hua only, 5 and » hzanchea is

; E
anaxogons to.a 1: -1 transition and the bO

fa L= ransition vacunm

of the :otational lines ax:e listzad in’ Table 2. \
(OF ot & xlo Subsystem = .
it Although the rotationa]: analysis “of a band of a o*

. subaysten is expected to pe straight fozvard, some aifficulty

was experienced in 1ocatinq t_he null. gap m the preaent case\

becauee of the, presence of a: ve:y stronq ser line at Y ¥

10132719 R [ses FiG 10T ‘mhe appmxmate position of ..

2l

“were Sbed ined’from the Gombinati vrelation (He

u:ace (Batzow et al., 1’963) and a zough value of B' calc

1ated from* r.he saparatxcn between the R anﬂ Q heads in. the;

0.= 0 band of che 0 - 1 subaystem Iqu. “10 (b) ] .. Although'. :

“this estimatxon facxlxtated to. ‘some extent the process of

asslgning the g 'values to the rotanonal linss of th P and

B :3 branches, correct J numbenng was’ fi.nally made Erom a: plutz

of thie combination differences: ZF(J)‘against (.ws) which,

when axtended, passes through the pnint J==k as: shcwn in

Exq. 12 The lwer - and’ upper = state xotational constants’

1350)

R @ - 8D, (o) 3




+z B

Fig. 1l

A schematic energy levy

2
¥ '»H
-] ‘ :
i
L .
lG.':.S:m‘ .
o
1 ~3
§ 5 ‘, ERE i +
I g
2 R o
' +0

’1 diagram foz . band

£ the b0t - xo+,1 eye@em of. Se0. .




= T R . Dk
Vacuun: wavenunbers (em™d) ‘of " the rotational lines'of
the 0-0 bands of the bo* - ¥0*;1 system of ®'seo0

el
R@) Q) )

9523,09 ] =
9523.70 | .. ) o
9524.32 .
9524.93

9525053

9526105, -
9526.55 ‘

; ] 951566+ '9503.98%
154 9593.b1 . 14966980 ) 9515.21% . '9502.77%
16 9698.66- © 966862 : . i9514.81% - 9501.38% ool
el o e  ogeT L .7 9514.35%  9agh g
18’ £ eepgu22k o 9513,90% ¢ 9498 44R -
19, + 9700.53" . . "9664794  ©. 1T+, . 9513.38% 9496.74% .
20 970009 - 9663:76 - o 9512,85% . 9495.29%
217970063, " 9662.49° | ! 9512,33% Ly
S22 00970217 " Y7 9511.76% " 9491.85*
: -9511.13% 4 .H
~9510.52%; - 9488.46*

9659.92
" '9688.57 .

. 9508. 425 "1 9483.03% |
'9507.70% 7 :9481.26% .
-9506.90% - 19479,27"




L byt
¢ i .y T g o §
. o TABLE 2. (Continued) '
7 bo* - x;0" L et %1 7
! 3 TR@Y B3 R(3) Q@) P,
30 . 9705.82 .. 9650.42. . . 9506.16*% 9477.34%
31 9706.19 9648.94° . 79505.34% . 9475.35
' 32 9706.56 9647.48 - ’ 9504:26%. ° 9473.31
33 9706.88 9645.95% 9503,60 . 9471.25
L 9502.52%:19469.15
9501.75% .. 9467.00

9488,17*
9486.74
9485.71

.9473.98
79472.44




AeF"(J)
A.F‘(.n

/

“Fig.t12. | a,B(3) curves for the lowet ang
P ugthebo"'

g ang oupper stntes of‘the 0-0 band
= subsystem ‘o




!

where, ' : L

Py ZP‘ (J) - R(J) = P(J).

The measnred values of AQF" (3) and:AF! (I} were used to

- obtain linear least squa:es flts of the quantities

zr(a) /(.wd against (m,-)z whiGh are shown in’Pig. i
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for them.
f et
8yF () By

R 2, bownFént

. _wtion defects E‘maAly. the follcunq procedure was adopted

for, the analysis of the P and Q bxa.nches. If one neqleqts

the’ strstching comtam:a D and D'y the P and Q hnes of .

u 0-~0 band can be represented by the relations (Herzberg,

1950) 3 RO R IREI

s") J’

By - ,ia"’)’ 3 By

bo X0 value for the 0 - D band of

°

. uhsystem, the v
| : o" =17 componen't anJ B.' for’the x21 and. x,i* substates

were derived by fittlnq the measured P and Q 11nes tu equ

.tions (4-6a)’ and 4-6b)., and ‘the values of these ccnstants

aze iven in Table 3 ‘a8 n\ost of the bxanr:h ccnsxsts of

57 blenaed Lines, the value of:BY! of ' the 17

v ared to'be laas preciss. It may be mentionsd here tha” &

fil:')af the mealured P and @ lines to the ‘fourth nrder éq

tioh-in & containing by andypy! terns wasinot satxsfactn}ty

b,cause of *1nsufficient data. The values of B" cf the ot

) agreement: w.u:h those dexived by Batzpw and Deut:sch (1963)

Erom’ the analysls o the a e o

=g’

: Using the value of B' (cf the bO state) deteruu.'v a fi'om che

"atate is, consid- i

and 'l states. obtained in end present work are’ in excellent 25"

systeln (the v'aluas -

5 (4—5;)‘. =
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“in 1 3 electric dipole czanntmns have been £ rst

: o
p ‘béing eq(ual to {n(“se ) /il %e*0)
\‘(""Se“o) 165).

The values of B ana 4, are; taken; £rom Chip T

()_Ioté' o BAw

78, % )
(.m.u., “A( Se 13.2707 a.m.u;

6). 'J.‘he ubserved and calcu].ated Lsobope sh.{fts are rlxsted’ :

K in able 4. - The close agreement bet:ween the’m confims the

correctneas of. the J} numb

I ir [ Lt
(iv) Rntat:.onal Intene;tz sttnbutxgn L . [

The relntive 1ntensities of the rotational br ches <.

i
calculated by Sc.hlapp (1932) Although his. 1nr.ensxty fo:-»

mulae. have' been hi 0 he :Ln agxeement with t:he obse:ved '.,

: intensiues‘ in the spect:a of atmos'pharic 0, (SchlaPF: 1937,' I

¢
ford et! al., 1965) and ot‘ NF (Douglas & Jones. 1966) an

-error in the - xela ve' phaaes Ff the two transltion moments

1*-x: systmoisoby

«Colin (1969) are found' to be xn appzox)mat:e ag ent with




“TABLE -4

Isotope. shifts. (cm ) “in-the ‘rotational lines'of the 0' - 0

.7 bands’of the bo'. - ¥0¥,1 system of 860 ., .

4% (®%se0 7~ 18500) - i1 av(®%560- - 85e0) 1

“bo*. - X317 subsysten




puxe case (e) (to which the qround state.of Seo belonqs)

| aze not available, Kovacs (1969. . 179) has givenithe -, .

", 8pin. in‘t‘e“raétton _Constant.: It is found that the observad s )

relative :mtensities of the zotaexonal branches of the 07+ 0

' band’ of, the bot'--x0%, 1 ‘system of Seo are in/sppr\oxmate

From the ohqerved data, the 1ncarnuclear potenu.al

nergy curves are derived for bO and x,07 ‘states b Klein- T
4 y

Cha’pt‘er 6. These potentiﬂls ax-e used to calculata f.he 2

vibrational wavefunction 5 tanck-condon factors. ahd x-

cem'xoids of the hO o XOA‘ subsyate *~The xesnlts are ‘sum-=

B merized ‘in Table S The fact ‘that only av'=0 and How

sequences ara obaarved for the bo - xu subsyatem (Azam & 1 't
/grees very. well Hith the! values of t:he Franck- o B

Reday; 1973)"

. Coiidon - factors given in’ Tivle 5. - The maximus valus of the

nolse-fpcto: (5!. Chapte: 2) 1n these calcu].ations is
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Group VI glements are, sun\marized in Table 6.1t is seen
" ‘rom this table :haﬁn -the series of mojecules 0,, 50,7851
e B ,,’l‘ez - there iga xupid :.ncrease in the value of A,

% FOt molecules 0 S0 .and's, the vdlues of. A are ‘smail? e

Oy = 1.98, 5 28, 11,84 ‘cm. reapecuvely) . . on. the other . -

%md, the ). " 'values’ fo: Seo, Sez, LWl akd Te, »vu:y\_'f'rom_' 4

83.65 cn"l-(£or 520). to {15 en i (for Te,). ‘The larse.’

triflet aaparamon betjeen F (0% ).and Byi F (1) e els/fot i
1 37 4

" these heavier mleeules is aeu:ibuted co ths case (c) cha:—

1

3 v
acter of thei: qround sEaEes. S

KFor the mulecules 1n ‘this seriea, ths lmrest 11 state
3

above ‘the ground state LS a

’n staqe (ot ‘chapter’ T O

11 s & - 35, the nuclea: ;

the_corr

charge: increéses hs' producinq a 1axgu‘ gmting. This

o5

homonncleaz; molscules, px'events the 1nte:act10n TohA

gtate with tha 1owest 311 stn—.e.

" of ‘the 3:
A

" low. values. “on. r.hewther hma, the gruund staﬁe atons:

-t \Pz + 32 y:.eld bach u and ). maIeculax stataa g6 that, if ol

states of like i.do not cx’oss.

Ay shauld re

aocxat.mn 1mi.t. Hawevez, due ‘tu lack of _exp :Lme tal data
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CHAPTER 5

¥ NEW EMISSION BAND svs'ms OF 520 It s

‘In this chaptex we” !epcrt the fust observau:mn of

three amisslon band syscems £ the SeO molhc\lle and their:

v:.braﬂ.onal analyses. Als: included in th!.s chap(;er are 7,

“the rannalyses of ‘two brief bind ayatemu of Seo whi.ch have |

been pteviously ohserved (Har ath. 1964, Reddy & Azam

o (57?0'- 570 A) ami CZ,

(2590 = 3150 A). The ‘two brif band Bystem§

sem: work :he only by

Latomlc mo1ecn1es’ of " the, Grou




v L
) assigned as the heads cf the subs_ystem b :

X,lin case. (<) nutation) . Thhs me

(x 8r bo

'mus theoretical vresult is

states.

ixpzxntivn), as av1dbncea irom able 1. ’l‘hiB tahle ’lxstn

1.+

the T values for “ald: and b°% ‘stateu of some cf these

molecules. . The ratio of Te. values for al A and ): states

the same ratxo is asawled fur R

500 et becaue -r Eax:

b1 "6t 500 is 972‘ s cm or: chaptet 4, our ateempt in" .
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of this work aie given.in the following parsgraphs.

.The enusai.on spectra of Seo in the’ :egxon 6470 - 5540[

L were recotded with & Perkin-Elmer model, 112 6 single: -

beam. duuble-pass gratlng spectzometer equipped with a ‘lead -

suxpmae at “roon ire. . The second o:dat of

the plame grating with 300 gtoavss/mm and b).azed at e R 0 \um
_ was ‘used to record the spectra. Higher orﬂers of the’ grat-
ing were removed bymean of ‘a Perkin-Elmer 203 41104
ﬂltez. El\uasxon hnes of mexcury m diffexent nv:rlappmg
orﬂers and ahsonpuon peaks of aunostphex‘ic water vapour
vere used as wave}epgyh standards. - Different slit widti

in ‘the fange 100 - 500 unvere used. ] T

I«(n) . vibrational strugture . : g -

- ; \ A tecorder trace of ' the spectrum ‘in the reqion

%6470 - 5540 on L. s shown ip Fig. 15. Tt consists of five
P charactensm ’bands Of Se0. in tWo! qroups vhich are degraded
¢ to longer wavelengths. The group of bands at Iow and high

wavqnumbers aLe assigned as the Av =0 and Av =+l sequences .

Sk 1y. . Vacuum® of the bands and *

Both

s =R peads are observed for the three ba in the av = +1

-sequence,” The- band system is. ass:.gne Q. the: transition

YA S mly It is to He rnoted, that * the seleqt:ion rule

0,/ +1E rbids the transition a2~ X0 ‘ﬂ The upPex




~ 7=

‘098 3o we3shs 1% - ze oya JO 90®'I} I9PIOODI Y

‘ST *bra
(jw2) JaquinuaADp\
v'8€SS S6.86 _ _ _ _ _ 8%689 ¥'0LY9
poa
s 4 1°x-20D
spoay
X
o

¢-¢

-2



TABLE 8 . ,

Bandheads-of ‘the a2 - X,1 system )

"(All bahde’are degraded to'longerwavélengths) )

ey

Vobs (Vacuum) 3
@y . L i
64 60.9 o “1-0 R
64 39.8 .21 R
64 17.1 . 32 R ,
- N
. 55776 R 0-0 R
’
55 66.2 : ©0-0Q
¥ * v
“ s f
.
4° :




~ on theoretical consi ryhe

ke tranition a2 - X,1 because of ‘the prox!;icy of the

constants B, of the upper and lower states.by ‘the relation

d o -80- ’ |
state‘vibrational interval, 4G'(4) = 883.3 en™l.” Even

tnouq:\ nd Further vxbrutianal constants.could be obtained

froln the-analysis of this system, it Has béen assigned to . -

ogcurrence of the system in the spectral region predicted .
s .

ion

must howe\zer,, be confxmed by A detuiled mtatmnal analysis
of -tnis pand SysteT e g -

(iii)’ Aggxaxmate Rotatmnal Constant of State a -

The separauon between t:he head ("verﬁex)‘ an ongxn y

(vg) ©Of a band can»bé expressed in terms of the rotational '

(Herzberg, 1950) H

. -‘2
. ‘
. ; o BBy BUY

v -y . (5-1)
ve:te)‘c “© sy -

'ljhe quantity Vyertex 3P be replaced by VR for the bands

degraded to longer wavelengths. If v is approximated by
the value of \JQ and B" is known, J.t is then possible to
estimate the value of B approxlmately. The value of the
separatlon (11:4 cm™ ) bet:ween the R and Q heads of the.0 -0 .
P (Chapter 4) are ,' .
1

band (Table 8) and Bél(le') = 0.4745 cm

substituted in Eq: (5-1) and a value of 0.45¢ cm ! for B} -

of aly state is obtained.  This value is in reasonable agree- -
mefit with B, = 0:461 en™l (for ala) obtained by Carrington
et al. (1969) from a study of the gas phasé electron spin




‘ e . I
.. ¢
resonance spectrum of SeO. : r

5.2." The 20,1/ 2 - x0%, 1 .system
e e

1) Introduction
‘this is a weak but !tralghttomatd barid. system df
the 5e0, molecrle. ALL: the £hirty-four bandhéads, observed.

" ih the speceral rddion 6730 {85703, are degraded to

.shorter wavelengths. It is revealed. thzonqh vibratxonal

0

analysls that t' 15 'systen: arises £rom a ttansltion

s ‘the. T, valus of the: upper state lies imedxately bemw’

the known BS}:-

stute, this state husbeen labele@ A “r

i eg
state. Apart from deriving ‘the vibrational .constants of
the system, it was ‘'possible to estxmate an: approxxmate value
of the rotational constant B -for the ‘A state frol;l the

observed separations of the P and Q heads of some $and§. .

The A - X system of SeO-was photographed on the’
aurch and Lomb spectrograph in-the first order of the 600
groo'ues/mm gxatlng. The slit width-was n\axntaxneq at 100 um

which gives a 1'linear di

of about 8.1 &/mm
. at 8000 8. The exposufe times varying becweer; four and five
ours were necessaty to photograph th’e spectra on hyper-

sensxtlzed Kodak I-N plates..
rémove higher -order spectrc. The error %in the maasu{rement
of good bandheads is less than 0.05 A, however, it is con-

siderably more for,the diffuse bandheads.

Kodak K-26 eucer was used to .

A




% o o : 1
(i)’ Vibrational Analysis . _g - ,
The spectxogxan\s of the emission ban: s of the A - X

system of Se0 An the region 6730 - 8570 A dre ‘'shoim. in- Eig.

16. Thé bands are degraded to shorter wgvelengths and ‘are
sl 2" N N

generally weak., 'As discuesed below, .the A'- X system arises’

most probabld from the ‘tramsition A 311:2?"— X, Even though
29 Ty

it 18 not: pissuﬂe to idemufy ‘thé ‘ground electzonic state ¢

v1branona1 intervals AG{%) and AG(B/Z) fxom the oba\erved

-, bands: of thu xystem, the sepa:atxons batween the prommant

- band. heada at 13 805 cm (7242 A), 12 931 m % (7731 A)

and ‘12 DEl';dﬂ (8357.}\] (Flg. -16) Wl'f:_tvh ‘are 574 qnd 867
-1

enl; respectively, are identified as the Vibrational intex

vals (7/2). and 46(9/2) of the' ground. state pf Se0 (cf.

Barrow & Deutsch, 1963; Azain.s, Reddy, }973). The separation

between the bard heads at 13 495 cm ' (7408 £) and at 13 323
N 3 : o S Oy ;

en™d (7504 R), which is 172 cm ¥ corresponds approximately

to the interval betwdtn's = 1 and 0.= 0" levels of the

ground ele&tronic state. 'The separation between t,he bang *

=1 5t

heads at/}.3 805 cm T (7242 A) and 13 495 cm T (7408 Alr

which' i3 310 en"l, is identified as the spin-splitting
betwaen the neighbofing Sempdrente 31y and 31, ‘of the A 3
state. These and similar observations prompted us to attri~
bute the present'band system of seo & una“txansiti_én

A gy = % s ke "sépératioh befieen the %,0% and X,1
suhlevels i8 moderately large for Se0; the following ‘five

suhsystems of the' A = X system which arise from theff

L8z L - .
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selection. Tule AR

z +
Alo = xlD i

A sehmatlc enex:qy 1evel diagzam rshcmmg these ﬁve sub-

systema is ngen in* Fig. 17.

Table’s .uzé s

bandhead measnrem

and :ne V;\.bxational quantu.m humbers aasigned to the bands,.

'of lll the observed flve subsystens of -hhe A X system. *

For ‘sone bandsr “both 5 and Q- heads were 1dem:i£ied. Tl

g Flg‘ 16 P heads are marked for all’ t:he bands, Q heads ate i

also marked wheneveh they are wel1® defined without ambi:- \}

g:L.ty. The sepazatians becWeen these heads, vazy :rom 10 to -

1 and are too 1are; to - be accointed on ‘the basis df

xsotope affect uesLamizes vzbrat:.onnl schemeg £c: ‘the P

heads of the %0 5% * 1 and A1

- x0*,1 suhsystell\s arel

shown in Tébles 10 and 1, espectmvely. Fcr both states

. A.and J( the vibxational ccnstants w, and Xy are calculated ;
&)

hy the ll.nenr Ieast sq\lares f£it c(f ‘the data to the Bq i

| PR
& (,2 21). - 'J.‘he \systm\ ox:.gms Ve. were calculated £rom Eq.-.

(z-ze). The aenved vibratlonal constants tin ea™ly are -

lxsted belcv‘.'.
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: syl
Bandheads 6f the. 30,1 2 2%t apain

in the region 6720 = 8600 A )

5 ~N
Ve - Z (A11 banag are degraded to' ho:tex: wavelenqths)
: (\b

e

‘RelaE}.ve i
A (gu‘) !In:ansity

(AU L

) ™
A m " &
. assace 12 ses I R T Sy
Lo the3: 6. L 13323 o 0e3(®)
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1, 0x=1% susiskséms. sia. 70

b e




ve = 16442 «

8 - v - 1x! o=\
] 6l = 996 - weXg \7:0
wg' ,=_9o‘s. -
s . %
Bg2 - X,1: ’\AG‘(%) = 980 . : -
-

= 908

" For the subsystems A0 - X,1 and'Aj1’- ¥,1 the vibrational

‘constants could, hot be derived because of insufficient data.

. /}«he bSndheads of the subsystems for which, the vibrational
( <«
i c

onstanhs vere derived, were ‘calculated from Eq. (z—zo» and

<" ghe yaTues of"(‘;? - Veay),are listed in Table 9. These

)
" Qifferences range/from 0 tos Smcm' .: The vibrational con-
Stants of the ‘ground electronic state derived from the

. ‘present Work are in a reasonable’ agreement with those’
- obtained breviously from the B - X system (uf' = 914.69 el
A S B2 ‘cm‘1> (Barrow & Deutsch, 1963) and from the'

909.5 cm'l,\.;"x" = 4.4 an'l) (mzam s
: ' %o

b - X system (p

. Reddy; 1973). 2
% J 1 T

o (111) Estlmat).on of RBotational Constant ¢

‘& rough estimate cf, the - rotatlonal constant B‘ of

stade A was made from the sepazatmn of the obServed P and

. Q heads by using the relation
(8',
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-«
and the ground state rotational constant B",‘ obtained by %

Barrow and Deutsch (1963). The derived values in om ' of

0
v el S 4
Bv are:
p
. &
. By(A,1) = 0.47
B}(2)0) = 0.46,

- R ‘
. 1+ B3(a,0) = 0.464

(i) \Discussion oin &

_the I\jﬂteq - %% systen has also been.observed for
‘the 50 m{:lecule (Colin, 1968). However, in Seo0,.the vibra-'
tional frequency of the A state is larger than the ground
state frequency whereas.in'SO, the reverse is true. This
difference.may be explained on the basis of the fact that '+
in SO both the A 3t and X°r” states dissociate into the
ground-state atoms S(3F) and 0(°P) whereas in Se0 the ground
state dissoclates intd 59(35), +0(%) but the 2% state
dissociates into Se('d) + 0(3p) whlich is ‘about 9576 cm
above\the ground-state atoms. - —~ -

In the absence of a large number of observed vibra-

tional levels of an electronic state, the best available
est:unate of the dissociation energy comes from a linear
excrapnlatmn of the vibrational Jlevels. ‘As pointed it by
Barrow and Deutsch (1963), for 0,, S0'and §,, this. Jrhoediure
gives dissociation energies which' are too large by a factor

of about 5/4. Assuming the same correcticn factor for Seo,




N -92=

the dissociation energies (D, = (4(5) w /4w _X,) Of states

A and X are 30 401 cm™} and 37 020 om ', respectively. The

. , ) -
value of Te for A is 16 131 em ~. Thus for SeO, (De 4 Te) @
of state A minus D, of state'X gives a value of 9512 em 1, _
which is in good agréement with the value of 9576 om &, 'the

term value of Se('D) + 0(°p) above the ground-state atoms.
5.3. The C2, 1.0-—’)«)* 1 Systen | .

° +(i) Introduction

o -]
- This transition ochrs in the region 2690 - 3190 A
11 degraded to longer wavelengths.

and consists of 40 bands,

The analysis suggests that the bands arise \from the transi- .

tion 3nm - X The uwper state| G of this transition is
1abeled ¢’ bec£ it 1lles immediately above the B35~
state (choong, 19387 Barrow & Deutsch, 1963). Also, in the
same region, eight new bands of the known B - x/system have
been chserw‘ed. k:

This spectrum was photographed on the Bausch and.Lomb
spectrograph in the first order $f the 1200 g/mm grating.
kil g plates were® used to photograph the spectra.

Due to large variation in e intensity of the spectrum,

several plates were exposed with dxfierent exposure times

rangifig from 2 min around 3000 % to 40 hin around 2700 & - .-
_while the slit width of the spectrograph was majntained at |

' 70 ym. The reciprocal dispersion obtained with the grating

o . °
.1 A/mm at 3000 A. The accuracy of measurements of 9
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k o
spectra is better than 0.03 A for sharp heads but it is

2 o
“0.08 A for diffuse heads. .

(ii) vibrational Structure . .

The first order specemqranp of the C - X system are
. given in Pig. 18. 'In the fx:st xnstam:e, the analysis of
this system appeared somewhat comglex\ on acc9unt of the
_ overlapping of the B - X systéh and the Qiffusé natire of

the bands in the ‘shorter- dvelength region. A ‘yreliminary

vihzatlonal analysis of t)\e bands’ which occur in chazactez-
istic groups in’ Fig. 18 (for example, binds at 35 313,34 407,

1

35 510, 32 619, and 11 742 cm”l) showed that the lover state
4y (906, 897,4891, and 877 em

vibrational quanta A
respéctively) of this system are in close agreement with,
those of the ground state of 5e0, as obtained from earlier

work (Barrow & Deutsch, 1963; Azain & Reddy, 1973)

2 5 &
clfase imity of these i that ‘the
lower state of the new system is the gx'ound state Uf Se0.
The hature of the upper and the Iower states of ;h;s system

became more clear from the observation of the wavenumber

ions between of ceértain characteristic

group. An example of su(qh a’ characteristic group of baﬁds®

=L

is the 0-=-2 group of bandheads at 33 510 cm = (2984.2 R,

; I
- - o
33 437 en™} (2989.9.8), 33 352 e (2997.4 ), and 32,274
= © o s
om™l (3005.4 ). Heré, the separations between the first
and thiZd, bandheads and the Second and fourth bandheads are

. %

<
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could he a l'l state.

. =08 . d

158 and 163 cm™Y, respectively. The fact that these separa-

tions are in close agresment with the interval 165.9 cu

betweén Q= ot aﬂd [ compcnents (cf. Chaptex 4) of the
gxound states of Se0 £urthgr supports Lhe view that the
lower state SF the ‘c- X syste‘m is’ the ground state.’ Also,

"

fitst and the'" gecond bandheads and the thlrd and the fuurth

bands, the sepaxa:inns between the

band.heads are 73 and 76 ‘en”Y, :espectlve v mhis GhmanvAe

i tmn and’ ‘the £act ‘that there axe a8/ maily’ a8 ‘four, bandheads

vuth ‘the same v st ‘values :,ndxcate that the uppet state:

'Atte.mpts to analyze, the syq en\ on' the
basis of theRtransition, J“réé = X were not’ successful but
all thé bands of the system gouid be ‘analyzed on the dssump-

tion that the C state is a. sninv state.. In the-following- -

parag.raphs we present the zesults efithe vxbrauonal analysls

'of the C'= X system on the basi\nf the” transit)an 1 o™ x.
- Due to. moderately; {large segaration between xlo and

X1, sublevels of the qround ‘state; the fallowmq subaystem.s

of ‘the .- x ‘systen are expecced o' octur ‘on aucount of the

selectinn rule An 0_, tl.

heen 1dent;f1ed. A sl‘lem§t1c dlagram of the exgected f.we

subsystens of the C '~ X dysten is shown in/Fig. 19.
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‘systems | uf the C - X'system are listed in:Table 12." The

“upper -and |ground atatea were mlculated by the l.east sq
‘l%ethna \xsing Eq. (2—21) and s ‘was ﬁalc‘uaced £rnm Eq.
12-20).

‘,"' 4. _‘97_, ¥ e

i | S

| 0 UGN
The data of the bandheads (i (A) and v (em 1)1, the
visual estimates of their relative intensities, and the

vibrational quantum numbers of all the observed four sub-

Deslandreé vi:.brat:xonal schemes for the subsystans Czl -

XO' » 1 an(? €40 -J(O ;1 are TSthn i' Tables 13 and 14,

respectzveiy ’J.'he v1bratxonal cmstants me

The constam:s ohta1ned ‘from the vibrational analysls

are lxsted‘ below in ‘om L

Forthe’ snbsystem C O - xlo é
the vmxat:onal constants could hot be derived due to 1nsuf-

figient data.

€07 ) :
g o Cvg=33.32
¢ ) g ] i
o ui = 581 = 3.5
. ¥ [oy! = ou = 3.9\
"Gt ve = 35 405
dﬂé = 586 ) . Néxé = 4.2 . /\
. +
1 gttt =
\J Ve ¥e ‘_\_./ :

= 583

= 911




TABLE 12

Bandheads Of the Ci2,1,0-%0",1 system®.

in the region 2690 3190 & . L
Lo MaiE) gy, (_"i“'“‘“"" Relatiye b VLR Jobs™ Vcalc
(2) (em™ ) 3 g O (emily g
a Subgysten €;1°%,1 ' ;

31730 w i
30865 !
3033.1
*3004.4 :
22925.6 WA
2850.2 : : .
26839 .
2760.1 >
2718.1

,3187:0
13100.4
3071.5
'3018.0°
2989.9
‘2911.8
 2836.3
“2791.0
27735
2747.4

273105

. 2691.5

Subsysteim bzl %

‘31 666 ¢
32245
32 547
33 125
33 47 7
34334
© 35 2400
35 820,
36 045
36388
36 600 -
37144 = ¥

s 9§80 swa s

" 5
i 3
o -1 : i
FEIVREN 0 3 o
0-3 i
Led
0-2
-1 |
0=0.¥ :
1-0 2
3-1
2-0
4-1"
$rgegs




" - Pt v -99-" 3 ' .

. " mABLE 12 (Continued) e |
Mair). v g g{vacum) = felativs "\ VobsTVeale |
2 4 1éad) Intensxtyh 23 ’ o

Ab&xeviatmns usedx -7 m, W, and vw denote stcmg,[ medxum, weak
.and very eak,” rsspeptively. LI
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The bandheads were calculated from Eg. {2-20) and the dif-

are listed in Table 12. These dif-.
1

fere: -
erences v o = Voagc

ferences vary from 0 to 5 cm L. The ground state vibrational
constants derived from the analysis of the C - X system are
in reaso_nah}y' good agreement with .those obtained from the
analysis of the B - S( andsb - X systems, as given in section
5.2. The difference between the v} values of the C,1 - X;0"
am;'tzl - X,1, which'is 167 {u 1 represents the separation
between the 2 = ot “and 8= 1 substates of the ground
staté of'SeO and is consistept with the value (165.9 e by

obtaihed in Chapter 4.

5.4. Extension of the Known B - X System

o ;
In the redion 2800 - 3040 A, eight new bands degraded

to longer wavelengths, have been cbserved. These bands could

‘fiot-be fitted into the C - X system but it was possible to

in;lude them in the Deslandres vibrational scheme of, the
known B - X system. Seven of these bands belong to the
0" - xlo" subsystem and one belongs to the B,1 - X,1 sub-
system, These new bands together with a few other bands
previously analyzed (Choong, 1838; Barrow & Deutsch, 1963)
are shown in Fig. 18. The wavelengths (g) » wavenumbers
{enl), visual estimate bf the intensities,. and the vibra-

tional quantum numbers of the /ew bands are listed in Table

15, N ol
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TABLE 15

New bands of the B-X system®

> gin)” Vops (Vacuum)  Relative
3 . ey | Intensity® e
=, '
‘ . 5 Subsysten 510+-X10+ /
3039.0 32 895 i For
2967.3 33 691 s i ",
2959.2 - 33 784: n 12
[ 2890.3 34 588 8 £
2882.6 34 681 a s
2847.4 35 109 & 3.5
2809.1 35 588 W 3-0
Subsystem B,lrX,l
i it
2815.1 35 513 " W 320

‘ ®a11 bands are degraded to lc.'r‘lger wavelengths.
E Pabbreviations used: s, m and w denote strong, medium and
weak, respectively.
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5.5. Thé F-aandG-a Systems

This section describes two brief band systems of, the °
Se0 molecule in the far ultraviolet region. One of the
systems occurs in the region 2150 - 2270 A and the other. -
in the region'2070 - 2130 R Actually these bands were
£irst observed under low dispersion by Haranath (1964) and
later reinvestigated under medium dispersion iay ‘Reddy and
Azam (1974k. But none of these researchexé.coua assign
these bands to'a system having connection with any of the' . g
known states of Se0. -In section 5.1, the observation of
the alh state of Se0 from the analysis of the a - X system
is désczibgd. Prom this knowledge, it is now possible to
do a vibrational, analysis of these bands, in terms of two

1,

brief systems both having the a™s state as their common

i
i
i
i
3
i

lower state. The exact nature of the upper states is not \
known. However, from their T, values, these are assigned
as F - alA and G - a}A Systems, respectively.

These bands were photographed on the 2 ]
Lomb‘ spectrograph in the third order of the 1200 grooves/mm
grating with Kodak SWR plates. The exposure times »va‘ried
beveen three and four hours. A 5'em cloripe fiiter was

used to remove thé second order spectrum and SWR-plates ane_
;

not sefisitive to the first order spectrum. Copper lines’

were used as wavelength standards. The reciprocal linear
o o

dispersion at 2100°A is 1.29 A/mm in the third order

spectrum.




|
|
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The spectrograms of the F - alu and G - alA systems

are given in Fig. 20. All the bands belonging to both sys-
tems are degraded to shorter wavelengths. Some bands of
the G - a system have diffuse heads. The wavelengths )
)

estimate of the relative intensities and the vibrational

+ the visual

3 " -
(air, A), the wavenumbers v (vacuum, cm

quantum humbers for the bands of these systems are given ‘
fn Table 16. Deslandres’ vibrational scheme for the G- AT,
system is given in Table 17. The AG(%) values for the als
state obtalned from the analysis of the £ - a and G - a

1 respectively. These are in

reasonable ‘agreement with the previous value (B83 cm 1)

systems are 874 and 870 cm

obtained from the near infrared system considering the fact
1

o e
that at 2100 A, one angstrom equals 23 cm ~. However, the

confirmation of the present interpretation, namely, thanf the
common lower state of theé two band-systems is als must come
f£rom rotational analyses of these systems. The vibrational

constants for these systems in cm | are as follows:
A

F - als system:
voh = 46 082
o

46" (%) = 953
46" () = 874

G - als system:

v, = 47 829
wyt= 971 wlx! = 12.5 |
LAY . K .
at = 875 wlixl 2.5
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. TABEE 16

Bandheads of the F-a)g-A and G-ala systems?

o Mair) t’obs(vTacnum) ‘. Relative
Gy & - ey " Intensity” vyt
r | J
ey 160" 151
Z ' 21693 082 00
f 2206.8. - 300 122
22113 5288 0-1
. 2250.2' 4 318 0-2
2082, v W 2-2
2084.9 w 1-1
2088.2 v e 0-0
F L 2120.4 .m - L2-3
2123.2 m- 1-2
e 2126.7 i ‘0-1

\

3711 bands are degraded tf shorter wavelengths.

weak, respectively.— -

. Pabbreviations used: s, and w denoté strong, medium and’
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The vibrational constants for the upper states F and G
: . appear to be nearly equal. However, as these statescare

1

= - .
separated by ~1800 cm =, they can not be assigned as the

.components of the same electronic state. &




CHAPTER 6

MOLECULAR CONSTANTS. EFBCTRON CONFIGURRTIONS

. AND PO’I‘EM'IAL ENERGY .CURVES OF. Se0 -

In “ehis chapter, )nolecular constants derived for all
thevc\mssrvea eléctignic states of Seo are sumarized. Al’s,;—
included here are the electrnn configirations for the gtound
and law—ly:mg excited scaté’s of Se0 and. the potential energy
curves fo its. States xlo /0%, a0 and Byot calculaved

by k1em-nmp.m method, |

a;
X J
6.1. Summary of Molecular Constants

. In Chapter 1, the known elestronic transitions of the
se0 islecuie, before the present redearch project was under-
taken, havé bé8n described. Now that severl new eléctronic
band systems of tiis molecule are cbserved and analyzed aur- -
Ang the course of the present work, it is consideréd worth-
while to sumarizé all the existing aata on "this molecule.
Table 18 ‘lists. the temm values of the Slectronic states, -
derived molecul:ar‘constants and the obsérvéd electronic .
transitior]s Of Se0.. In this tdble a mixed case -(b), -.case

(c) notation is used for the elecironic states amd the term
values '1‘ are represented with respect to t.he mnunum in

the 8 = of, i.e., 3z component of the, ground state. For
! I . =
£

-1ip-
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the states\for which the vibrationul constmn:srue Bmiou)
*could not'be derived,. their AG () values are given. A !
\schematic energy level diagram of Se0 is given in Fig: 2,
XE is tD be nnted that: the stateu deslgnu:ed c and D eazlxer

by Reddy and Azam l19f74) will h z'eaftsz be zeferred to as

¥2; Blectzan Conf.lguratinns /
’.l'he ele;tx:on confiquratmns of the O and se atums

In. standard nutatz.on (Mulllken, 1932: Herzberq, 1956) ‘the g

-as-«' o : = 2 ’

wam, (22 2 wn ey wmP s
e ey :

The three statea rasultinq frmn confxwati?n (6-1) are

o attr:.buted to the x T alﬂ and nl_ -+ stal o

and blz* 3 xaz' ):elonq 4 this :




oo E'E
i, %,
B Dl
R B G
el FF=RHAT———=—= ze=cwC .
T | SG'“:
TE. S B'E
. O 340004 ” B,
s P4 i
17000
— ATL

% | ¢ 3 Fodis A‘ﬂ
‘o JG“7°:, g a
R (ANSE b.m ‘
‘ 25004 IR ‘
6000 l :l A .
:58004 T2 i T I ai
5 - FEMRN & M E .
Rt (00 1 RS 11 00 0 O S
o o (X B s X‘I:
_.Fig. 21, A schematxc energy level diagram showing all
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the observed electronic transxuons of SeO.
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The expected low-lying excited electfon configura-
tions .of Se0 are obtained by bringing the electrons from -,
the v, x, or w orbitals to the higher orbjtals. These are

written as follows

Kk (z0) 2 (yo)? wm? (xo)? (wn) (ua) "Qnreg (6-2)
w02 o2 oo om? o) s 4T, N7, L

(/ ' (21; b Te A (643)
RELM (20) % (yo)? (w)“ ‘xo) vm? ¢ 1, yinim. (6-4)

Further hiqher electron configurations involve excitation
me the (wn)® orbital and require rather somewhat e
energy than the configurations (6-2) to (6~ 4) Among the
excited electronic states of Se0 observedgin the present
vork, A 3nrEg most probably belongs ‘to the configuration
(6-2) and C 3“inv to the configuration (6-4) . statesA B, c
and E may belong ta the configuration-(g-3). States D, F
and G whose nature is not yet known may belong to any of

the config\u‘atlons fxom (6-2) to (6-4)

6.3. Potentlal Energy Cuxves of States %

XO,bO,I\lOandBO P

The electronic states selected for the calculation of

the polential energy curves are X, b, A and B because only

for these states the rotational constants (5,) are known
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(although approximately for state A). Tl"Ae p‘otential energy
curves for x;0%, bo*, 2,0 and B)0" are derived by Klein-
Dunham method (described in Chapter 2). A computer program
written in FORTRAN 1V (TRABRB 1970) was used on the IBM 370
computer to calculate the vibrational wavefunctions, Franck-
Condon factors and r-centroids. It uses as its input the
observed vibrational encrgy levels G(v) [= u_(v+h) -

ugky (v+4)2], the rotational constants 5, [= By = a(vH)1, I
the dissociation energies D, and the reduced-nass

uiu(*%5e0) = 13.32747 amul, The B, and a, values for the .

bot

state were estimated with the help of the derivéd B,
value, observed separations of R and Q heads in the
b0* - X,1 sibsystem and also from the Pekeris relation

(c£. Herzberg, 1950)

22

Their values are B, = 0.4578 cm ~ and a_ = 0.0035 cm_
The estimation of B, and o, for the A;0 state was based d &
upon the results given in Chapter 5 and the resulting values

are B, = 0.4735 and o w 0.0035. The dissociation energies

e
& D, were calculated from the éxpression D, = (8/5)02 /80 %, .
As pointed out in Chapter 5, the factor 4/5 in this expres-

sion was used because of the fact that for the analegous

molecules 0,, S,, and SO the linear extrapolation of vibra-’

|
tional levels gives dissociation energies which are about
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25% higher than the actual values. The corrected values*

of D, for states X, b, A and B are 37 020, 27 540, 30 400,
‘and 13 990 cm ! respectively.

The computer progran calculates the Klein- Dunham
\snnal curves and then extrapolates them by means of
fitted Morse function. The values of the step size, Thin

°
and r,_ . used in the present calculations are 0.005 A,

[ o Y. : )
0.750 A, and 4.500 A, respectively. The derived Klein-

Dunham turning points are ‘given in Table 19 and the potential

energy - curve‘ are shown in Fig:. 22. In this figure the °

dots reprasent the calculated turning points and the solid®

curves bayiona the dots represent the, fitted Morse function.

The maxn.mum value of the nolse—fathy in these calculations
e !

was =

B to
The valuea cf.t_he low-lying spectral terms (in cm

of %e and O atoms are given below (cf..Moore, 1949, 1952),

sState se 9
0 0 .
1989.5 158.5
' ’ 2534.4 - | 226.5
’ %n ‘ 9576.08 15867.7 g
. g 22446.03 33792.4

,Based on these values and the calculated values -of b, for

Se0, it is inferred that states'X and b dissociaté into the

* These values are probably dccurate within 100 em~! or so. .
|
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TABLE 19 :
Klein-Dunham turning points’ for xlo", bot, A0 4
' ana B,0""states of *0se0 i
oG !!(f)1 ’xgin . rrgax u(f)1 ‘rgin rmgx
L | o =) @& @ e g & ;
, * state . bo* state .
oLt T -0 1i6484 . -1.6484 9 72555 - 1.6622 -  1.6622 [
= 1 #s6.22 1.5986 . 1.7039 .10°143.69 1.6101 17202 s
2 ©1357.35 . 1.5650  -1.7488 . 10.972.30 1.5754 1.7671 2
3 2258.48 1.5438  1.7811 11 790.69 1.5531 1.8018
: 4. 3146.05 1.5270 1.8093 12 598.86 1.5358 1.8316
5 4624.58 1.5130 - 1.8346 13 3%6.81 1,5214 - 1.8586
6 4894.07 15010  1.8580 14 184.54 1.5089 -~ 1.8838
7 5754.52 1.4904°  1.8802 14,962.05 1.4979 I
8 660593 1.4808  1.9014 15 729.34 1.4880" © 1.9306
s 9 744830 14722 1.9219 16 486,41 1.4790 . "1.9528
. 10 8281.63 Tla62 10418 .
i & 3
° d . A :
: "A)0 state ¢ B0" state
i E o it . 3 / .
I 0" 16 130.6 | 1.6344 " 1.6344 3427707 | L9162 1.9162
1 16 626,0 1.5868  1.6878 34 535.9 1.8553 2.0081
i 2 17 607.0 1.5549 17311 35052.4 7 1.8157 2.1174
4 3 18 575.0 1.5343  1.7630 35 559.1 - . 1.7904 2,2008
1 ) T
| \
i
| ] < .
PR
. I v
I
v




-119-

Figure 22
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v . ground state products Sel(zm + 0(31’). The third state
which also dissociates into these atomic products is als
(or a2) whose T, value is known (Table 18). States B and
y A of Se0 digsociate into the atomic products Se('D) + o(’p): .
i whereas for the analogous molecule S0, state B dissociates
into s(p) + ot %) but state A dissociates into 8¢ 3 +0’m)

(see section’5.2). ' Anong, the other states of Se0, Ay,

seems to dissociate nto Sel( P) + O( D). .Jt- is nuticed

® . from Fig. 22:that stace Ay crosses state By areund v =3
and thxé may . 'be’ the reason why atate B is h.\ghly perturbed

% " (Barrow & peutsch, 1963) . In conclusion it must be pointed .

| > out ‘that the extended parts of the potential energy curves

{ ot well beyond the dctual experimental points in Pig. 24 by » .

Morse functions are considered to be approximate.




CHAPTER 7

2+ _ 2 & ' k4
ROTATIONAL ANALYSIS OF THE B“: - X Hreg : )
SYSTEM OF SbO

/

7.1. introduction:

A brief review of the prevmus work on the electronic
'banq spectrum OF Sb0.was given-in Chapter 1 of thxs”thesis.
It was Sengupta -(1939) who first proposed the vibratiohal
analysis of, the B - X n g system of 556 1.!n the region
* B . 3240 - 4720 R.! The fu—st mgh resolution work on Sbo was
o that of Lakshmah (1960b) who analyzed the rotational struc-
ture of the two 0 - 0 subbands of the B - X.system from the
£ 1,25 ’:/mm. singh

and Upadhyay- (1967) photographed the same two bands at a

spectrum photographed at a dispersion.

G .
i . dispersion of 0.33 A/mm and have identified the rotational

1Z:I'Sbl) and 2 3Sb{) .

. lines due to both isotope molecules How-
ever, no further resdlts of this work are given in their
short note. Subsequently, Rac andjRao’ (1968) reanalyzed the

' rotational structure of the same two subbands which were

photograptied at a dispersion of 0.63 &/mm. #fhe present work

is conterned with a detailed rotational amalysis of the 0 - 0

and 1 - 0 bands of the Bt - x2n3/2 subsysten.

The emission spectrum of SbO was exci»ced‘i.n an  — |

el odeless quartz ai ge tubd by the Raytheon model . |
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".and 3 min.’ The error in the measurement. of sharp linés is
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PGM-100 micruv‘lave generator. Spectra were ini:tia’].ly photo~ -
graphed with the 2 m Bausch and Lomb spectrograph at medium
dispersion (-3.9 R/mm). The rotational structure of several
bands of -the B - X system was photographed with the 3.4 m
Jarrell-ash Ebert spectrograph in the third order of the
Bausch and Lomb special grating'with 1200 qu:love,s/nm (cf.
Chapter 3). atva dispersion of -0.56 R/ mhe slit width
of the spectrugraph was mamtamed at 30 um. Roéak lo3a-0
plates were used to photograph the specua. ngher orders
in the high zesaluuon spactra were Femoved by a Corning '
;ilter CcS 0-52. Tl"lE exposure times varied between 30 sec

estimated to be 0.008 A; however, it is considerably more
for diffuse and blended lines. h

-A spectrogram showing h part of both the subsystems
B = xzrr;5 and B - %1 372 Of b0 photographed with Bausch and

Lomb spectrog’taph is given in Fig. 23. The measured wave-

0.-.0.a0d Q - 1 of these

‘lengths of the _intense bands 1

subsystems' are given below (Serigupta, 1939):

Band subsystém -, Fagr®
10 &y, “e%t - xzﬁ,i . 3696.45
T -0 Ry, . - a6w00,
0-1 Ry) 3894.84
1-0 g, 4635,00
0-0.0, . ' 4130.22
L 0-10, oo ’ T aznam
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7.2. , Rotational Structure of a 1* - znmg Transition

It is known from the:earlier work that the spin-
orbit splitting in the ground state xzn“q of §b0 is very
lar§e (-2270 o)) and there is no sign of_any large split-
ting in its B2r* state. .This implies that *%n,,q belongs
to Hund's case (a) and B’ retains its case (b) character.
Thus the B -.X system of si:o i% an example of a "mixed ca?e"
transition. < > wyw

. The rotational term values for case (b) I staté are

given by (cf: Eg. (2-12)) .
. . >2 2. 1\ . . .
FI(N)‘ = BN(N+1) - DN (N+1)“ '+ HN,’ (7-1a)
2 2 ¥
, F, o B N(N+1) - DNT(N+1)° - kv!(ml). (7-1b}

where y is the splitting constant, and F; (N) “and F,(N) pefer

to the components with J = N+% and N-% respectively. In

terns of J we have “

F ) = B3k (k). - D0 2 (avn? 4wy ok, (7-28)

f s .-
Fyld) = Bv(iﬂs) (3+3/2) . - Dv(J+$s)2_(J+3/2)z =~ by (J+3/2) .
’ ’ (1-2m)

Normally the value of y is very small compared to B, and

from the above two equations we £ind 'that v
PN S E,(N) =y (), (7-3)
N ;
which shows that the splitting increases linearly with N.
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. . Assuming that the A-doubling in the 2";, component
is significant and that in the Zna/z component is small and
can be neglected, the rotational term values for a znreg

state belonging to case (a) (large separatibn between 2!1!5 i

and an /2 components) can be represented by the following

expressions (Mulliken, 1931; Mulliken & Christy, 1931;

Herzberg, 1950; and cf. .Eq. (2-10)):

e r @ = 3Watn - oM@ e, (-4a)

7 Fa@ = 8P - 0Wat @ - xpann, (7-4b) ‘

2y @ = r@ = 3®g@ - 0P st@n?, -5

32" Fac

o
@ ana o (3-1,2)

where p is the A-doubling constant, B
ST flie SEEEEEIVE: rOLAIOREL AN Btratoling: GonsEsATE, '
respectively. The relation between the effective and true
values of the rotational ggstant B is given by (Mulliken,
1931) ’ ' ’
s 5 (1)
plt) o gll) u:%’— o w iy (7-6)

_where + sign out of (#) stands for N, and - sign for ’,.

A is the spin-orbit coupling constant and A = 1 for a I state.
Thé A-doublings in the 2"!: ana 2, /2 components “can be
expressed as (Mulliken & Chrj.,sty,‘ 1931)

5 .

aval= - p(@H, . (7-1
a0 @ge@ = (B/Y% % 2/ (35%) (348 @43/2) + . o s
7-8)




ilslstxates a

and those of the subband %1% -
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where g is a constant and Y = A/B,. Since A is too lar.ge
for Sb0 (-2270 cm™}), the A-doubling in znl/zlcmponant is
expected to be very small, at least theoretically.

In Fig. 24 an energy level diagram is shown'vfhich
4t 2'5:eg(a) transition. In this diagram,
notations c, d, + and - are taken from Mulliken (1931) and
those of the branches are taken from Herzberg (1950); the

A<type doubling in 21 state and the spin-splitting in 2

.state are exaggerated and the spin-orbit splitting of ther

2 state is drawn on a much smaller scale than the separation

of the rotational levels. Since the separation between the

zngs and 2“3'/2 components is large, each band of the 2r* -
%o transition is divided into two subbands; 1" - 71
ana %% .- vz.n3/2, which are separated from each otlier by the

amount of thé doublet splitting of the 2

T state. Corre-
spéndingly, there are two zero lines for each band.

It can be seen from Fig. 24 that éccoxding to the
selection rules A = 0,t1 and +++~, six branches are pos-
sible for each subband. The branches of the suhb‘and

Lt an are designated as

Ryy + Ry o Q21 . Ql ¢ Pyy and Py

25 3
Lyj5 ‘exe: dasignated sz,

By 1 Qgd By e By o Byp ABA B
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Howevkr, we have a choice of using alternative notations

as follows .

Rger Ry = Rogr 23 = Qqr

Rpp = 15 9 Pay = Pacr Py = Peg

R R

rd. Ry
With the help of Egs. (7-2), (7-4) and (7-5), it should be

[ .
possible to write the equptions for each of the above

Ror Qp % Qqr Qpp = Quqr Py & Pgr Ppy

branches in terms of the molecular constants. It should be
noted, however, that if the spin doubling in the 2r* state
is too .small to be resolved then the two branches of the

pairs Ry and Q,;, Q) and P,y Ryp and Q5; and P, and Q,,

will coincide. As a result only four brhnches will be

observed for each subband.
onal Analysis ) E ,

7.3. Rotal

~ Attempts were made to photograph most of the intense
. 5 v

bands of the B - X system at high resolution but not with
all success. Because of the extensive overlapping of the
rotational lines from pne band to the other and of the
presence of two almost equally abundant isptopes of Sb, the
structure of most of the bands is complex. In addition, the
binds belonging to the BZz* - XZ“H component do not show
extensive and sharp rotational structure. Consequently, the
present rotational analysis is confined to the 0 - 0 and 1 - ¢

7 2,+ 2
bands of the %™ - x*n; ), subsystem.




-129-

A spectroq\ram\ahwlng the rotational structure of
the 0 - 0 band of it - 3/2 component is given in Fig
25. The rotstional lines are reasonsbly well resolvba, and
at longer wavelengths a doubling of the rotational lines

12lsp0 and. A2y

qeing-to the two abundant isotopes 500 is
observed. The structure of this 0 - 0704 fairly extensive
and Kence rotational analysis is possible for a large range
of J values. The spin splitting in the’ upper state ippears
to be'small ind is not resolved. Therefore, as indicdted
earlier, only four branches, nandly, Rys QytRy,) PytQy, and
Py, are " observed. At first the relative J assignments to
these branches were made with the heip of combinatupn rela-
tions and the final J puubering was fixed with the help of
a plot Of A F'* (J) or A2F' {N) against (J"*’ﬁ) or (N'-Hg)
(Fig. 26) which passes through J or N = -k, When extra-
‘polated. Table 20 lists the J assignments and wavenumbers
of all the fouf ‘bxanche‘s of the 0 - 0'band. The consbants:‘

B, and D, were derived from the least squares fit of tha‘

following equation from the four branches mentioned. above:

8,FN@) = Ry, ) - 0,9 = 28 (@Hn) ~ a0y Yy (7-9)

" - - = - ap" 3 E
8yF" (3) = Ry, (D) QlZ(J?H‘oLN*'l)' 4pg (9+1)°, (7-10)

8F'(3) = Ry5(3) - Py,p() = 4BAT - 8D {7—11)’

A2F" (‘?) - Rlz(J-l)‘— Plz(J-H.)» = ?Bé' (3+%) - BDL'" (J*H)S.
| (7-12)

e £
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. | Figure 25
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Vacuum wavenunbers (cm™') of the rotational lines in

the 0-0 band of Bzx-xznz/z’ subsystens

J R, ()] Q, (T) 4Ry, (7) Pz(a)mlzG) Ry, ()
3.5 ‘24 201.22 - )"
4.5 24 202.19 @
5.5 24°203.10 +
6.5 24 203.96 I
7.5 24 204.79 i
‘8.5 -24'205.49. .
9.5 24.206.18 . .
10.5 24 206.82 24 198.52 24 lQQ.%I
11.5 24 207.35 24 198.01 24189.93
12.5 24 197.43 24-188.77%
13.5 24 196,84 24 187.52 -
14.5 24 196.18 24 186.29
1545 24 195.50 24 185.07
16.5 24 194.68 24 183.63
17.5 24 193.86* 24 182.33
18.5 24 193.10% 24 180.81 ’
19.5 24 192.20% 24 179.35
20.5 24 191.32% 24 177.81
21.5 24 .190.21%* 24 176.12
22.5 24 189.11% 24 174.47
23.5 24 188.00 24 172.75
24.5 24 186.82 24171.00 24 155.41
25.5 ¢ 24 185.60 © 24 169.06 24 153,01
26.5 24- 184.25 ! 24 167.16 24 150.51
27.5 24 182.92 24 165.23
28.5 24 181.52 7 24 163.20
29.5 24 180.03 24.161.07
30.5 24 178.54 24 159.01
3.5 ¢ 24 176.97 24 156.80
32.5 24 175.3% 24 154.57 -
33.5 24 173.66 24 152.23
34.5 s 24 171,91 " 24 149.90
35.5 24- 170.21 24:147.47
36.5 24 168.30 24 144.99*%
37.5 24 166.40 24 142.45%
38.5 24 164.50
39.5 24 162.29
40.5 24 &60.21
41.5 .24 [158.04
42.5 24 155.89
43.5 24 153.82
44.5 24 151.54
45.5 24
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TABLE 20 (Continued) . - :
i C R (D, @) oR,E) :
3 | Ry (@ Q, (D+Ry 5(3) 20D,
46.82 24 ogg.zg .
) ) 24 . ® e L
i ) 24 144.34 . 24 fsge
s % 24 077,51
s b 24 073567
e o o 24 069.88
ggg v 24 24°065. 82
. : g .
52.5 e -
53.5 2
54.5 - % . I
55,5 2
56.5 Lu ; :
57,5 L :
58.5 -+ ’
e 2
60.5 4
61.5 &
62.5 2
63.5 a
64.5 2L
65.5 « A
66.5 ] | 2t A
67.5 | 2
63 | : 2 ]
69.5 | 24
0.5 | 24 } |
“71.5 ) N e
128 ; 1. .
s T 2405597
3 *24:451.76 ) ‘
- 75.5 Sl - 4 ; ) " :
B . 043,72 -
71.5 i 24 h ;
*78.5. . % By
s 795 . o+
S :

24

weak to be. |-
measured.
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8 4 e ’
¢ . - ‘
In the (Qza-Rlz) bxanch, th_ere‘ Seems to be an irregularit} > £
at J = 76.5. - However, the structure of the 1 - 0 band ‘does - . —
not show any irregularity in the (Qzﬂtu) branch at J = 76,5.

It is therefore posaible that the v'

0 Tevel of the B%:* <

i

state’ 'haa some pertutbat:um at N 77. Bowever‘,'some more .

In compat:.son w;th the 0 - 0
\band, the structlll:e nf this band near ité head is smnawhat e J
cumplei{ anﬂ the analys:’.s was pnssi.ble/fcr hiqher values c£° L
|3, The analysis of the 0.- 0 band was hdlpful in assigning ‘
correct J values to the :otatldnal la.nes of the 1 - 0 band.

Differeént combinatmn relations: ana]_ving +hé common v" =,0.

state: were used, For the 1.

. 0. band also, only four bram:hes ]

are resolved.  Howeyer, the R2 bianch ia dxffuse an weak v

(not ‘shown ‘in Fig. 2]) . . -The assxgnm ts and- wavsmm\.bers

of the mtat;onql. lines of th:.a band Jare g.wen l.n Tuble 21 ,_’
As' most of. the rutational unes of’ thﬂ\ ® +°1L) b:anch rare,
diffuse or blended, the" xotatxoﬂal consbants for this band
‘were calculated by the ]_mear Teast : squares £it of the..

following equanons. .

i

“(7-13)

{abs). - 8D2" (a4 3

SR
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TABLE 21
Vacuum wavenumbers (cm 1) of the rotational lines in the

2 2 2
1-0 band of BYI-X “3/2 subsystem.

J Q, () +R; 5 (I) Py (3)4Q) 5 (T

27.5 - 24 717.42

28.5 . 24 714.79 -

29.5 24,711.78

30.5 24 708.88 24 688.62*
31.5 . 24 705.%7 24 685.3%
32.5 - 124 702.86 24 681.77
33,5 24 699.81 24 678,25
34.5 24 696.71% 24 674,67
35.8 24.7693.73 24 671.07
36.5 24 690.60% .24 667.40
37.8 24 687.06 24 663.64
38.5 24 683.49 24 659.83
39.5 24 679.97* 24 655.88
40.5 24 676.47* 24 652.05%
41.5 24 672.84* 24 648.02*
42.5 24 669.18 24 643.64*
43.5 24 665.46 ° 24 639.39*
44.5 24 661.68 24 635.02*%
45.5 . 24 658.07 24 630.84*
46.5 24 653.88 24 626.48%
47.5 24 649.88 24 622.39*%
48.5 24 645.82 : 24 617.83
49.5 24 641.73 24 613.26
50.5 4, £ 24 608.62
51.5 24 633.30% 24 603.93
52.5 24 628,99% . 24 599.05
53.5 b 24 624.54* 24 594.16
54.5 } % 24 620.03*% 24 589.20
55.5 24 615.57*¢ 24 584.20
56.5 ! 24 610.78% 24 579.10
57.5 24 606.24% 24 573.91
58.5 » : 24-568.64
59.5 24 596.75% 24 563.29
60.5 24 557.90
61.5 +
62.5 24 546.75

63.5 . 24 618.13*% 24 541.04
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TABLE 21 (Continued)

. =
J Q%(J)*RIZ(J) Pz(ﬂ+012(J) P12(J)

24 613.54 . “ 24 535.32
24.608.94 .
24 604.31

24 599.59 «

24'594.81 .

24.585.09

24 575.04

24 569.88 . s, : 3
24 564.68 o 2
24 559.43 X . ‘

24 554.05

24 548.67 . 5

24 543.16

24 537.57

24 531.95

. |
Blended of diffuse line.

tsuperposed by atomic line.
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‘
Graphical plots of these fits are shown in Fig. 26. The
additional weak lines in the 0 - 0 and 1 - 0 Bands at
longer wuvelengths’ Teee Figs. 25 and 27) for which fio J
assignnents were possible may possibly belong to some over-
lapping bands. <
The molecular constants of the B°1* and Xr
states are listed in Table 22. The vibrational constants
are from Sengupta (1939)'.' The rotational constant BY of
the ¥°1, , state and By of the B%r* state given Ln mable 22
are the average values obtained from different branches of i
the 0 = 0 and 1 - 0 bands.. It should be noted that the
g values of the ground-state constants By, and D, given ip this
‘table are the effective valués. The values of v, for the
" "0-0and1-.0bands were determjned by fitting the equa-
tions for the (Q,+R;,) and Py, branches to a third order

polynomial.

7.4. Isotope Effect
Many rotational lines in the 0 - 0 band and most of M
. the lines in the 1 - 0 band show doublet structure which is

121 123 Sbo. L .

assigned to the isotopes SbO and. * The observed

intensities of the two components of the doublets in these

bands is in accordance with the relative abundance of the -

two isotope species (1“5b 57, 25!1\123Sb- 42.75%). The

vibrational isotope ,atu.fta Ay, were calculated by using. Eqn.
123

B . (4-7a)_ [Note: 121,

SbO = 14.1530

(£ Sb0) 14.1261 amuy; “A(

,»_v:: J :'




=139~

‘04s 3O ‘e3e3S3I,8 Y3 IOF

(5+N) snsIoA (%+N)/(N) 47 30 3eu3

pue 23e3sqns N.\m_,HNx 2u3 03 mﬁmi: snsxaa (%+0)/(C) ,I%V 3O s3ola
2, s )
(1+N) 10 (Fn+p) . .

0oi2

00b! 004

‘8z

.0
v
2%

%

ais AL X

oz (-¥9)
)
(e
{os1 10
n+r)

"M, 4%
.Qv._




. —140-

TABLE 22 ’
Molécular constants of the B%5* and X’ny , states ’ -
4 * w i
2.+ 2 R
82 Ly 8
ug (em™t 582.0% 817.0% 9
-1 a a ~
ugxg (on™) ] 6.50 5.40
aG() (el 570.3
, Bl(cm_l) 0.3197£0,0009 ,
S 1, (gn cn?) . 87.65x10740 ‘
5 ® 1.9331 .
B, (et . 0.323820.0006" 0.356320,0007*
: b, ten™h) 5x1076 ’ ax107*
I (gm en?)® 86.54x20740 78.65x10740
o .
o) 1.9208 1.8311
-1
By (cm ) | . 0.3259
agen™) 0.0041° -
. 1, (gn cm?) . es.9ex10740
. e .
g o (&) ) 1.9146
; v, for the 0 - 0 band of B25 < X°I,,, = 24199.6 cm™*
o RV, & ;
2 2 R~ -1 - : p
v, for the 1 - 0 band of 5%z - X%, = 24763.9 em z
- 3 |
2sengupta (1939). K -

*Effective values. : 2y
*Value obtained by'Rao and Rao (1968) is 0.321, cm T,

\ ¥ 3

BEIENE
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amu; o2 = [n(*2Ysb0)/ 4 (*23sbd)] = 0.9981).° The values

obtained are as follows:

i . 121, 1
| 0 - 0 band: v (

-3

b0 - 133gp0) = - 0.11 cn”

*1- 0 bands av, (%2
‘ v

The observed isotope shifts in the rotational lines of dif-

123 1

sbo - SbO) = + 0.42 cm

. 1
ferent branches in 0 - 0 and 1 - 0 bands are listed in

Tables 23, 24 and 25. However, in the absence of sufficient

rotational constants, it was not possi

}?o calculate’ the
“total, (i.e.; vibrational + rotational) isbtope shifts in

these branches. Equatjon (4-7b) can be approximated as

dvz (@ -pP)v e (7-15)

Aceording td this relation one expects a.linear fit when
the Av, values' are plotted against v . A representative

plot for the observed Av. against wavenumber of the

total

. rotational lines for the (02+le) branch is shown in Fig.

29. As the vibrational isotope shift Av, is constant for
the rotational lines of a given band, the slope of this
plot gives th'ev value of (1-;2) o

The values obtained for »? from different branches

By this procedure are as follows:

"(Q,*+R;,) branch (0-0 bard)

P, branch (0-0 band)
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TABLE 23

Observed isotope shifts Ay (*23sbo - 121spo)

7

in 0, (3) + Ry, () branch™£'0 ~ 0 band

W

s00-121510) v (M35p0-121550)
T
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4 TABLE 24
& 123 12
Observed isotope shifts Av( SbO ~

in Py, (J3) branch of the 0 - 0 band

Lsp0)

89 (+235p0-1215p0) 5 av (123gp0-12Lip0)
) (enh)
f -

39.5 0.27 7 52.5 ” p 0.37
40.5 0.30 " sas < 0.39
41.5 0.29 4 54.5 T 0.40
42.5 0.30 55.5 . 0.40
43.5 0.31 56.5 042

4.5 0.30 57.5— 0.41 7

45.5 0.32 58.5 0.44 ™
46.5 0.34 61.5 0.47
47.5 0.33 63.5 0.46
48.5 0.35 64.5 | 0.4‘8
9.5 0.35 6.5 0.51
0.36 66.5 0.51
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TABLE 25 ) *
Observed isotope shifts av(*2sbo - 123sp0) in
the 1 - 0 band
B T D . ORLE WO | B
¥ in (@R, branch)  in Py, branch in (QtR, branch
30.5 0.31 65.5 <« 0.26
3L.5 0.31 66.5 ‘0.26
32.5 . 0.30- " 68.5 0.25 =
‘ 35.5 0.34 0.30 69.5 0.25 .
36.5 0.34 70.5 0.24
37.5 0.33 T 1.8 0.25
. 38.5 0.32 72.5 ' 0.24 |
39.5 0.33 73.5 0.23 .
40.5 ‘0.31 74.5 0.23
41.5 0.32 "15.5 0.22
43.5 0.30 76.5 0.21
44.5 0.31 ~71.5 0.22 '
x 45.5 0.31 78.5 0.20
¥ 46.5 0.29 79.5 0.19
YR 0.30 80.5 0.19 :
48.5° 0.30 '
50.5 0.29
52.5 0.28 0.26
8 .53.5 0.28 0,25 - |
: 55.5 0.23
56.5 0.24 2 B
57.5 0.23 .
58.5 “0.23 .
= 63.5 0.21
o 64.5 0.20 f
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(0,+R; ) branch (1-0 band) :.p% ¥ 0.9990 -

% i . K %
These-estimated values are in close’ agréement with the cal-

culated value of p?

- 121Sb° and 123,

(=0.9981) from the reduced-masses of
SbO. 'This fact supports the J assignments in
the 0 - 0.and 1 - 0 bands, in the presént analysis.

Llﬂt}txcn Configuratxcms
‘he Lowest electron oonfizjnratxen of 550 just as for -

the analogo\ls molecules NO, PO and AEO may be wxitten as

W .»-(wn)‘ (xo)? R - 1s)

The low-lying excited electronic. states of sb0 Arise from
the configuration t ,

A
e o2 e ? Mo 3

ot emh e wn? s A, 4T, T

For SbO, state X belongs to (:he conﬂquration (7 16) and’
state Bt the Gonfiguration (7-18): ' 1

e (71D

8
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