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The B ... lLsystc:J of soloniuo dio:ddo tIllS St'fdied in absorption
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in t1;e gosphD.so m:d hD!l'bco;lossiencd ~' tho electronic tr:ms-

ition 1B2 ... ii.1Al' A cc:;?lo'to vibraticr..o.l analysis of the
"

•
olectronic tronsition 'is pll'Csented. The .gc=iry of the ellci ted

stato hos b~en detorc1r.cd ca=p16telr f~ rotational ooolysi5 of',

tho l~ vibronic b::md m:d furthor c:onfir=d by Fr:mck-Co~on .
~" . ,

c:alculaticms. Tho provicu::lly i::l!mo:m graur.d stato fUl'1Q::::lOnta!s
, ..

,,'{ -:d ~ have~ dot~ ol<r.l3 tlith the throe £und=ontals

--_:....-..,--o::.~ the 102 oltcited sta~. It is proposed that s~loniu:J di~lIidc

, !lo::.s an llllY=Otric sUu:~ rith co:f<ilal bond lcn8ths in,~ert:li~

"vibronic levels of th.o excited slUlto im-nlvi.ng "3 as 0 result of

a Ct:'.lJ) iC1":linir:=:l potential alO'""-3 tho <I; co~oll'dinate. :
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'. . CtlAP'I'ER' CL-m

IN'mODUCTICL'l
0'

l

(1.1)

1.1. Electronic. Vibrationcl :md 'Rotation:ll ~ion of.~!oleeules

t4Clleeular' spectroscopy i~ the study of the quantized electn>,nic,

vibrational ond.~tation:l1 COllon of a colecuJ.e through its interaction with

electr=gnetic rlldiation. The ca=;plexity of cost spe,ctroscopic proble::lS

lfould. be ovenrhelcing were it uQt for tho large inequality in cass between
.r J t

the electrons and nuclei in a t::l?loeule. qu.:mtlb cec:hanico.lly this' allows the

nuclear and electronic coticns to be considered l:irgely indepe\ident of one
. .

another and tho overall rovibronic (rotational-vibrational-electronic) Wllve. -

function'¢evr to be writton as a prcduct of on electronic part'.' vibratio~ai

part and rotatio:ll1l part.

. . 'r; .
Vevr " "'o¢vib¢roi .. ·¢oVc:.c

The factori::otion. ¢ tho tmVO function into ec::ponents due '~,electril%rlc and
" "-

nUcle::trcoti~ i~ called tho £o:m-Cppcnhllil::::;lr' approrlt::ltion(~

In tho Z::trO~-OrdOT £Om OWen..':oU:tor appro:dootion. tiro tlJ::o independent

Schrodingcir ~tion fer tho olceU'lmic :md c:.cl<mr !!:Otion t::ly be trritton.

•

(J.2) .

(1.3)

J
(1.4)

(1.5)



• . \ ,

"
'rhe 1:~ on the righi hand side of Equation (1.4) refer respe"Ctively ,. - '.

to 1:he'ldnetic energy of the indivic:!u:ll'Ol~~. ,n1:tr<:lCtive forCe of the
..) . . -

i th' ~lectton for the ,p1:h nm:lcms and on olectron-electron. repulsion tere;
. - c "

.-'

while the nuclear Hal:!i.ltonion H
N

in Equation ~l.S) conurins respectively :l
, , .

1.2. Transition Probabilities
"2 . '

According 'to tho,~ t7~ . III 'ttO"'"iUcm f= one stnt~on:n-y stlltc ,

in thfl:DleculotO another =1 ec= tdth tho ~ti:ed tbsorbtionor c::lis;ion

••

(1.1)"

(1.6),

',<

Tho u:::r.:litier:l~Uity t1'>!1l~ '0 c:1ci'uQUn:: elC'CUo::::Jgttc,tic Held·
,

, ' \ '

induec':l suell,o. u,,"':'!it~Cf io 0 t::l)llcl:U!o. ~ :ltatO 0 to stato, ri till!) iCirst

dot~QbY Einsto1t7S~l b m-vcn' tl7
2v '

[} "'''-- Ir1F '
1m ~2..... ~

Z is, 1:he ato;::dc: r:u::::ber of ,tho' ath e:uc1eus;
Cll

.0 'is tho, dmreo of tho electron; and
/
r ij is the disuncQ boitrec:l p:lrtic:lo iand j.

Tho solution of Equlltiow (1.2) ~ (1.:S) yield' tho electronic: ond ~clear. . ~ , ..
"'<:lI!)' "

energy lavels lUll! I1~V~ ~ti=. It is 'uansi,tions tJetl1een the llbove enerlD)."

levels whfch are of fund=tal interest to tho =loeulpr spectroscopist. .
I " /_ \ •

m~clear ldnetic energy and rc;pulsion tare. i:iJ;d

r is 1:he electronic c:o-cmUnates';

Q ,1:he nuc lear' displnce:=nt ,c:o-ordinaies;

h" is Plond'scor;sumt divided by 211; •

0i llIld 0e ~ the ":""sqf 'tho, ithol~tron m;o$0 ath nucleuS;
,

v2 is 1:he L:lplc.c:ion, cperutor.'



; s

tshere B is the Einstei,D probability cooffiCient, r4 =' <vl~lv:, the transi-en C" D

, tion co::ent nr.d.IDlj2 is tho trtmsitionprobability ~b1een state ":'and,~, 1
,

is the el~c~Jic dipolo operator.

•
1.3. Selection Rules

\',
), In' orderp;at' an Oloctric, dipole:' transition occur battseen the states

Vc and (In' tho follMn8 in~ograi OlStb-: non-zero,:
(1.8). ,.

,I" 0 ,.
In tho lqngu.::lgo of'~ theory,. tho above integral Ifill be non-zero

(1.9)
,

only,if tho.,,:direct prodw:t of t.'1Q/~cntl1tionsof V',, , , 0

totally sy=tric lroPrescatatio::l.

"

',The :lppli~tion of tho ::bovo' solec:~onl:'ll1lo, to specific, oloctronic, vibratioll;ll

and rotntiozol ~r=iti= icSc02 is oUl:lincd core fully oin tho subst:iquen~
,

chopto1'S uhol'C tho annlys!s of e~ is di:ll:uszcd in detail.
, . .'," \ ~~ ,

, The ~.dcir or: tho P2'C:lcntCboptCT zhall concern itsolf lfith the

cxporic-"nul cspc~tz,of t.'1o present _10'11 os wall as a brief dczcriptioii' o~
. ~ ~

provi\lU:1' spcc~scopic studiC::l imrolvit:s Se02';'
, ,-

1.4. ~,r.n'atiq7l of, !zo~ic SolcnitJ;l.Di~ea I>

.. ..: .,' . . ~ ,".~ .' .
I::otcp':l,caH(ftZl'O 5070 (!):s.:S~)"o"'d 5000 (93.61),) and O~O -(99.9%>" wore

cbtm~t'l frllZl Union COl:bic'!o «(/;il!t nic]go ll.""','ill:otodc:l). Tho three izotopic:

0-, ',Cl)i;~~10s.,-S~7ci'o~~. Se7~~O;:"l'J s>Oo~G·'t:,,:ro~;1!W- bYo.~r-r. ::I stOiC:hio:;;otric
c, i',.," . .-" •""' . Ollo.', - ... • "';'''\ ."'~<: .~ ~. . <'J _ ", ," • _ •

,,\ '7:.::o:'..m-e o1o::yc;cn to SCi) C3 ef $er~t::.l Jl.sQto;po-q::mtmnoo in 0 SI? co aU-q~rtz
I:ir '" 1- -

" "
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cell. The cen ",as tlO~ ttith 0.5 ohr:l/ft.. nichro:::e \:lire. tlropped ttith'
-

asbest.os pape-r and heat.ed olectrically t.o 3S0°C.The 6xidationwas asSlOed

to be co~lete after, several h~.

In order to prevent condensation of soleniU::l on the tti~do;"s. a copper

envelOpe ,\:I<is.ext.~nded ~o inches boyoud the."tJindOt1s at each end of the cell.

nle entire spect.l'U::lof the B syste::1 could be obtained mill.SeQz .

pressures-",hich varied fro:! 0.5 C:l t.o 10 C:l. "l"h.e t.ecperature rnnged fro:!' l200e

to 200·C. tnorder tophotograph'tho r.:uch wenker C SysterJ to the red of ~eB
• _ .J

Syste::1. it w!lS necessary to heat. tho cell to' arotpld 350°C. At. this te::::perature- .
all of tho'SeOz is in tho gas phaso., ,

tiOnal 100 C:l of oxygen I::!lS '::las added.t.o the coll. Spectra taken both in the
- • . ,,"'.., ' j

',- . _. .'
no 'visible affect ef'pro!)sUl'O.~of tho ll'OUltionnl fine structure.

_ " • i

: The onlY ot1}01' olildo of solcirlU::l 19 se03,: It presented no prOblem to ..
, ' .. " ~ "

tho present inves,tigation of Sd)z sineo SeOlI decci:!poses into Sc02 on heating.. .

1.5. Previcus SpecuoscOpic Studies of Sd)z
~ i. .

'At least five oloc~c tt1m9itions M11Q been observed in %he gas
. ~ .' . . . .' . .., 7..11

phaso spoCtnla of seCz in' tho spocU"al ll'Oiion bO'afecn 2000 Jl - 6600 1\ . •
.\ I • '" •

Threo of thoso"triW>:i.d~'b:wo~ Obsell'\1Cd-in l1bsOO'ption in .tho regien

2070-2210 A. ,2300".3400 i. ~.~oo-48~oA lmI:l~beenClesign:3'teatile .A. B. . . ~ . -.

.
"ilboJ?1l'!llsent in--~estiSi3ticn ,is concerned

. . ' .

. ,

. .



- - ~
5

pc

1. 6. Gas Phase Emssion SpecU\l:l of"Sd)2
. '12 " .

, ,Haranath and Sivar;>rrn;;llrty observed on.....,e::ri.sSion spect;ro::l' extending

fron 2700-47~O,~. The ba.~ bel~ 3200 l vera assigned as belo~ng \0 the ~

B+ Xsyste::l of se02 previously reported by Duchesne ~, RosenB underi-ow .

resolution'., The bands between 3200-4700 11. could, not be associated with the
.---.....7' , " .

,C *- X systec observed by Reisen ond wore aSsigned as belonging'to ttlo new
\, '

system. involving trnnsltions fro:;l the upper atate v~ lovels to the g'round
II.? '

state vI le~els. ,'!he obsorvedfrequencies ere giv(!n in Table 1.1.'

_-----------T...ob...l...O.......l....l.-.----------..;\-----'"'"'\l" ~
Ooserved freqUCIlc10s froa c:::dssilm work rePorted \~

by' H.Qr.math and Siv~12'

\

Syste::l I

Systco II

Origin
'eo '

. . (;"

32145 Cl-1

32052 Cl-1

910.5 cO-I

911.5 CiZl.-1

V; of Excited Stote

182 em-I

182 em-I

~

Hctrovcr. this cmllllion won is of little uso in the present study.

00=0 very fea of tho band frequencios~tcdby Haranath and Sivarm:l-
• ,U

=tr agree tiith the freque-..cies llleaswrcd bore, OV011 in the origin region. . r
~hore isotopic shifts llhcmld ,Ix! St:::lU. t~th and Sivt;rllmm'tty used

501eni\Cl'dioltide co..,ta!tlitlg ~tural sl'illenilSl lmd the~fero uculd ha~o observed

bands due to 'both Sc?Oo~G tlnl.'l So°OO~G. 'b'~, tho absorption bkds of these
.'

scpornto isotopic species stllT.:l 'voryUU!o~ with tho reported e:llis.sien

bands in roeton:; lllhcro t!1oobscnptlon~ c:illis::J.ien !lpeetra ovorlsp. An <l.'l311'­

sis of tho c::Ussicn SitIXtlraO£ tho diff'Oli'ent' isotopes under~ Mgher
, , \

'rosolution tiWlt;'! boOOCClSSmTY for a sat!sUctQ1'1 it'ltcrpl'Ot3tion to bo twh>p'\, /

AU tl'.at c= bo lllUdb that ~tb Iiml'1 SlVlD'ill'%'!\Iiii'tyJS tim "olecnonic :/ '
, Q \,.




































































































































































































































































