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| Tho B+ X.systea of selcaim dioxido was ,qmed in ab.-orption e

in the gas phase and hB.a bcax a..simmcﬂ to the c¢lectronic trans-

,itmn 13, « X,1A;. A ccp1oto vibraticmal analysis of the '

: electw&ic transitioa is prcseatcd Tho gcas:..try of the excitcd

state has bgen detemimd-cc:pxotolz fm::z rotational analysis of-

tho 15 ;_r‘iimnic baxd and furthor confirnod by Franck-Condon. -

calculations. Tho provicusly imknown pround stato fundamentals. . - -

¥

vy zd 7y havo m dotermiped along with t‘ho'ﬁawd fur::! entals
of tho 13, cxcncd stato. It is pmpo..ed that ..olenitm d;oxidc

hes an asyz::ctric mm with t..,.muaz bmd lcmﬂw in. ccmm K
“vibronic lovols of *ho excited seato.involving vi as a mult of

a covbicvainimm poteneisl aleng whe Q) co-ondimate.’ |
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# ' CHAPTER QOB -
j‘ .. mmReDUCTION, . . oo
Tt & ’ . b
1.1. Electronlc, V1bratzonal and Rotaticnal kntion of. kolecules

hclecular spectroscopy is the study of the quantxzed electron1c,

vibrational and rotatxonal cntxon of a molecule through its interaction w;th
electronagnetic redistion. The cu:ylexity of mos? spectroscoplc problems
would, be overwhelnlng were it not for tho. large inequality in pass bethe?n
the electrons arnd ruclei in a czlecula. Quantun cechanically thls allows the
nuclear and elcctronxc nntiona to be cnasidercd largely 1nﬂependent of one
another and thq overall rovxbroaic (rotationnl-v;brationa& electronxc} wave
f““°t1°“'¢evr to be written oS o product of .an olectronic part,’ vxbrat;oqalr

part and rotationnl part. g | C. + o

»

The factorx.atxcn of the wave function into co=ponents due %gnelcctréﬂic and

nuclear - cztioﬂ is called tha Eorn-0pponhoines”’ npproxinationfj

In the “croth-oruc? Com Q@@@mﬁ@iﬂﬂr appxoximnticﬁ. the tine 1ndepcndcqt
Schrodxnger cqumticﬁ for the electsuﬂic o m;clear cotion nay be written,

W (r.Qow (r.Qo) o E (QO)O (e Qo) S . (1.2)' A.

-_naﬁm') * B_(Q 10y (@ ufaﬂ%w - | _ .3
wharé.thg Hizilteniaon fﬁ; ﬁhﬂ.ﬂ%ﬁ;twoﬁiﬁ e=d a:;1c3; gn%ion'is_givcn by ";-W
‘(i,5i

(1.9)




5

'i‘he terns on the nght hfmﬂ ,m of Equatlon (1 4) refer respe'cnvely

1 to the lurmue ensrgy of the mshv:dml olecmns attract:we force of the

oF 1th electron for the utb mletm and an olectmn-electrnn repulsmn tern;
.

¢ while the nuclear mlumﬂn H, in Equation (1. 5) contmns respectlvely a

: 'nuclea.r kinetic energy m repulsmn tert and - e "

r - is the electronic co—ordmates;

. Q the mxnlear-diei:iact co-ordinhées;‘ S \

h‘"‘ is plamck'r constant dimded by 21;° -
n a.mi B aqe the To8s of the ith clcctrcn m:d Tihce ath nucleus; -
v2 is the Locplacian cperatoz:, "

Z is the atomic amder of ﬂ:o ath nucleus,

e is tho-cﬁargc of the elccmn;‘ ard

-
Ty is the distmcc bon p:xnicne ux::l j -
The solution of Equations (1. 2) (k 3) yneld ﬁm ekectm‘ﬂc ar'd nuclcar

¢ ’ -

encrgy levels and wmm funcncns It i mmiticm Between the obove energy .

levels wh*ch are of tal nmmt to tho mlemlpr *pectmsccpxst. ,
, : -~ {

1.2. Tromsitien Provabilivics

According 20 tho Bodhr &m&y s a m..sitncn Em onc stationary state

&

in thé m!ccmc o mthr =3y cecur with tho qumi..cd s orbt;da or ¢nissicn

of radmtim of wave r:zr::bor o gw by . _' e T Do

E E ' K ) 2. .
- N 3 - - < T f ) ) -
' 9°% B . TR o (_1-6) |

The trm.,i‘aim pmb,_bnaw m o] cscﬁnatﬁ.t‘-r cacc&m‘,a.cnc fie!d

%

tndugos .,uch a wmieiqm in a macmm, mm sm:to o] to se:.ma 0 was f:'a.r“t e

" - a7
," -

detemimdﬂhy Eimw&nl\mﬂ.sgamty ﬂ’)

R



where B__ is the Einstein probobility coofficient, M = < =1‘£|¢7>, the transi- .-
tion coze ent ond, III|3 is tho tromsition probabxhty between state 0'and. n, T

is the electrlc d1pole cparutor. , ; . SRR

1.3, Selectmn Rules : R -

/} In arder g.hat an oloctnc dzpole transition occur beween the states

Vo and ¢_, n’ the follomu,_, mtegm!. ::nst bo £OR-26TO,
_.“f)nl?'l%) 70 : - T e _.(1-33

- In the lanz;unue of gmzp thcory » tho cbove integml will ‘be non-zero .
only .if thc dircct pmuzt of thp rcpmcntauom of ;:: s T cmd \',v contam the

totany syc—otric rcprcsc:ntation.

”

T, = r-r x o, o I‘AL

(1.9)
' 7;1?'10 ﬁppliéatiow of thc aﬁxﬁm"écleéﬁm -mlc'to sp‘ecific, el'cctronic, 'vibrdtional ,
and mmticml .xr...n.:iti.cms im 3.,02 is oamim.,ﬂ noTe funy in the suhsequent
'7 cthtcr" w‘mz'c the ...naly"is of cach is discu.ucd in dctcu.l. ' - o
The m::eir..‘:cr of gho ymsc:n% chapt@r shall concm itself mth thc

exporizontal asp;ct_s,,cf 0 prescat work a3 woll as a‘brief dc.».cript_wm of

Lo

1
'-{n ..\[ﬂ)

',; -pmviéus: spccmséspic seudics iﬁﬁélw&m Scsﬁa"._'.
. 1.4, ?mmmum of Isotopie uexcﬁzlm Mcnids s N

!«azc;many Fimo S070 (95 3%) ad §o00 (93.6%) 03° (99.9%), wore
cbﬁam“z} f£ren Unien Cm‘bidﬂ {@:ﬁk Ridgoe W&mﬂca} Tue three is oto;uc

\ r;alcmae“ %?%BG *’«?ﬂ?%w m:ﬂ %Q%m LTPO - p"c:;:nvc:l by addin:- a .-':oxchmmtnc

{5

*

*'"‘m oF o:r.yr-cn *’@ 80 r:g cf seﬁm&m iz s“mcmmmﬂ ﬁn a ss o :ﬂ.l-{&mrt" o

o~
e

; "An :.mmubww fmwwdm @‘:&‘ o] t:z‘:ww is sosumaod m‘amgzr.m ﬂm ﬁwsis. -
— ¢ fseounts. of tho opplicaticn’of pm;: hoeTyY 20 &9 ukcmsﬁm- ammswpic pm- R
:ﬁm ig- gim an mmg‘%, Cotton® ez Hochs ms@x@ | | . R

N Lo ,.-
'- .-‘ N - o




lto be co-plete after. several hmn':,

» “ - o’ . . - © o

. cell. The cell uaé wound with 0.5 omfft'."‘inichrom wvire, wrapped with:

asbestos paper and hea—ted. clectrically to 350°C. ‘The oxidation was assumed

In order to prevent comiensanon of selemu:: on the mndows, a copper

envelope ué& extended two mches beyomi the windous at each end of the cell

'!'ne entire spectnm of the B systen ccmld be obtained with, Sed;

pressures-which vaned froa 0 S to 10 =n, "The teperature mnged fron 120°C

to 200 C. In order to phomgraph tho rueh weaker C Systen to the red of ;he B

Syste:m, it was necessary to heat tho cen to" armmﬂ 350°C. At this temperature o
all of the’ Seoz is in the gas phaso, - ‘ o ‘
In order to ninim ze tho dacoxpo.,itmm of Seoz mto Se.+ 03, an ...ddx--

K tumai 100 oven of oxygcm ges ¥as cdc&e@ to tha ¢oll, Spectm, taken both in the

o pre.,enco‘ as well as the. gbscaco of tho “ddxtieml oxygen, . when 'co::pared, shoiled

no visiblc affect of" prcssm brc..dming of the mtaticnnl fire structure.
The only other oxiée of se‘lenim is Scoa.' It pres ented no prdblem to

N
the prcscmt imestigatiom of Seﬁg sinse 8003 decanposes into Scl, on heating.

18 .
Y

1.5, Provicus Spccmscopic Studics of scoz S . 2

At lcast fivo elocﬂmnic txmidm havo b“cn ebseyved in xhe gas
phase Spectmn of ScO2 in’tho swctral rogicn bmmn 2030 ﬁ 6000 K 7- 11

: Thmca of these tmnsitim havo b@m ebs@wcﬂ in wsm’ption in the region

zow-zzm ], 2300-3400 R, m&%@@ew@@ & cod povorbeen ,&wigag_z_ea the A, B

m*dc‘,zi;yst-:x Wmctwow. . e

12

‘Hayanath am% aﬁvwm : aﬁsa uﬁ.;ommfﬂ e .;yftcm in wxssnm :

with origius at $110.9 R orsd ‘35.39.9 R '%@-‘*msm& ﬁmwngaﬁcn;is-commw

vich the B Systemof Seo. . . T

. v . .
g 4 o N Y
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1.6. Gas Phase Enmission Spectrua of“Sc0, ..

‘Haranath and Sivarazﬁmxrtyl cbserved an e:n.,smn spectxm extending
fron 2700-4700 ﬁ The bands belw 3200 R uore a.,s:.gned as belong;ng o the *
B« X: syste:n of Se:Dz previcusly reported by Buchesne and. Ro:'n::na under tow -

resolutlon.- The bauﬂ, between 3200-4760 & could not be associated with the

——

.C = X systen observed by Rmen7 axzd w@re a.;signed as beloaging to two new
>

systems, mvclvmg tmsitzons f:mm the uppcr atate v, levels to the g‘round
- state v levels. ‘The ob.,emd fmqucmics are given in Table 1.1.

¢

P | | Toblo 1. e

Gbserved fmqmcies £ron caissien work wported

! A

( - hOrigin_ " V) of Levor State . v, of Excited State

. s . : 6 . ; -
Systea I | . 32145 ca-! §10.5 e~} . 182 co!

systea 11 | 32052 ! - omSemd f - 182 cn”!

Hwaver. this saion Wﬁ& is 6f litele use in tho pmfemt‘ study,

becau.,e very few of the bond fregucacles mp&rtcd by Haranath arsd Swamm-

am.\rty agree with t?m Emmies nzasured hero, cmn in the origin region

vhore isotopic shifes shcmld bo snn. Harcnoth and Sivarw@nmy used

sclenium dxoxi&@ centaining naturo} selcoie ond memf:‘om would havc ubsewcd
MWMmW@%%M%WMM%MMWMﬁMr

scparato isotopic spocics shou ’vaw 3ittlo agrocmomt uith the repm-md mmnen
bands m mgims whm ehm @smﬁm mﬂ msaicn ﬂgzﬂcﬁm ovwkma. im analy-
sis of tho cm..si@n mmam o8 the déf“mgut imm mdm' zuch hig’mr
‘resoluzicon wonld tm mmsm E@r 21 ﬂaﬁsﬁ'&:w'v immm%ﬁm to bo m.@t ' / -

'A11 that emm bo said is ehat W&h and Sivorzecmmrty's two “ewctmmc "\ [




+

origins" lie within ~ 100 en~t of tho origin given here for the B systen in h

. - j" et * . . hd .
absorptlon. ( : . o ‘L- _ ‘ N
~ The1r analysis postulates two Jeparate electron1c trans1t10ns Wlth
-1

orzgxns only 93 cn © apart. Although such a coinc1dence cannot be ruled out

cocpletely, it is highly unlikaly that such systexs are not related in sozz

way.' A poss;ble alternate interpretation for the two' e:lssion oystems observed
by. Haranath ‘and S:varanamurty is ngen below, on the assnmptlon that they have

indeed’ correctly identxfxed emissicn duc to Scoz. , S '_ A 'k

4 Fron the hot band °poctrum in the pr@sent investigation of the B System . .

of Seoz, the ground state atretching frcquency v is’ unambiguously dctermlned

to be 923 cn 1. This is in excellcnt agrocmnnt with the valu» of 922. 0 deFer-*

nined by Cesuro ot. d&.la‘ls froa reeccnt 1cu te:@cratuzc infrarcd studaes of

-

Seoz in an argon oatrix.

& “The origin band fbr tho B - X eloctrenic tranaltion in the present work
ﬁ‘ is found w1th 2 high degreo of. cmrtaxnxy (frcn isotOpic Jhlfts as well as the
i

% aonalysis of the hot banﬂ Jp@ctrun) o lio at 31955.0 co 1,

In vicw of thc proximity of thﬂ srﬂgin of tho ‘B « X aystem to the origzn

of the two caission syat@m@, ono is toxpted to think that the lowar elcctrunxc

Jtatc obsorved by Haranath and Sivaxal:ﬂnrty is in fact/%he groul elcctrcn;c
* stato. The anu:aly, haweveg, ariacs thot tha mpper state of thc B+ X transi~
tion obsorved in'abﬁo:ptian ;anns? be ass eciatcd uitﬁ cithew of thc ahaue two ,'
:cﬁission syﬂtc;;Q ' o N |

| _ In ‘oxder 0 ra%iemaliao this ¢ auimwky uncvmlminmbze ccntrhﬂictiea the
following aztcxnnze %ﬂ@@rpmmaaﬂiam of memnazh ond aiu ugnmmzty°v emisnﬁcm vor
is ozfczmd anm ¢ho ammxwaﬁs of tho hot hamﬂ aﬁectrum in tho prescat inves Jta-

gnzien of thn B e K "Yﬁ%ﬂm. ﬁh@ greund 5toto t@%miiy “?Illt?ic aarmtcaxnu |

froquency. vy 2023 3l Tho frmqmamzy cf tho @ec@mﬂ @vﬁx%mna, 3v3, §s e%smrwcd

¢
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‘tobe 912 e ', The axharconicity in \’;"1'.15, therefore, sbout 5.5 ea™’ per_ '\
\ . 1_" ] I‘f' . . : - -
; quantim excited. In the previcus gas phose cnalysis of the B « X Systen

Diichesne and Rosen® nisinterpreted tho interval (u' + v')" =910 co ! as a

sequence interval involving v?. The 1nterva1 betwecen the last observed -

:

exission b:mds at 32145 32052 ca’ mted by Barzmath and S:varamamrty

e

was observed to be 911 o

It is possxble that the band.a obsenred by Haranath ;and. S:.varamm:urtv

at 32145 cn -1 and 32052 czn -1 do not terminate at t.he nbratmnless 1eve1 of

.. the grounc’r ,tate but rather ot the 3\: levcl.. ThJ.s mterpretauon _then extends

"the ongm for the emission .aystczs S22 :‘w o 2753 co -1 to the blue of tha"
prenously a.,sxgned origm... Thi explamtioa i thereforo, consxstent wzth
the grov.m state bein_, the 10:::@1' stato to vhich tho mssion occurs, :md

l‘
recoves the possibility. that tho uppor .,tate of the B Systc:n (8;) is the

enitting state, vhich is in agrocznt mmjﬂnxmm and Sivarty s

observation'. _
The fact that tho cbove c:xission syfte:::.a ha\re not as yet beef
observed in e.bsorptwa could themfm, bo attributed to the .,trongly over-

lapping B + X olectronic tmn.;nncn which 1s- aroachinr- its intensity caxicud -

in the rogxon whm tho prcscat mteﬁpmmﬁun usg@sta the. crigm for the
caission systems should app@ur m absomtion. ' . e )

78,16 2,78 18 )
Reimestigatim of the am;ssic:z: wozk min‘, isotcpic Se¢ 05 and Se _

1
.”“1’

t:.'ould L..a.._’aim.@amiy 23¢0%

tho v‘ "lovols are. i.aetcpiwny .apnt by mypwﬁm‘te!y 50 o pm‘ quanta
cxcatcd as is ebmwc:l ﬂm ?.‘%m pmm% .m.nlymﬁa of tha D« IS Systém of Sco-,.

‘ the wﬁidﬁﬁy oﬁ' tﬂw pmsc:nt mtcrprotatim olﬂce :

. The xrcm:lmng y@@ wmkaimd p"@s@mo of Tuo ws dying oxcmcd

clccammc ‘states: 5@,&3‘@%@& }by icos %m m =t ean pmsim; be accmtcd

-

fz‘ar in mm f:‘@iﬂmmﬂ,t‘w. e - | .' '. o=
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The present work involving the 1B; + lai.electroniﬁ tronsition of
SeQ, suggests- sttong evidence for the preaence of & ;;;BIe-mlnzmun potential
well in the. anx1sy::ﬂtric stretching co-ordlnate Qa of the 182 excited .
electronic state. The o’ -0 splitting is ob served to be 78 cm ;. '
An glternate egplanation for the' two enission systems separated by

© ofly 100'&:::1’"1 i the hypothesxs of only one system contalnxng two progress1ons

]

originatipg on the 1evels (0° + nvy) and (07 sz),j n = %—1 .4, the 0 b
splitting being of the order of 100 o) 1. There is'of course no basis for '
assuning thc above explanatzon is correct, aaide fron the fact that appazent;y
vé = 182 co -1 for both vyst@ﬁs. stcvnr, in view of the difference in 'Qﬂ’~

' a 260 ¢o l~ob.,erved in tho present ﬂﬂ&l?“la of théig_* X system of Se0,

with v = 182 coy ob;erved in eoission by Haranath ‘and Sivaramannrty, it

'appeurs unlikely that thn ‘Bz eloctxcnic stato can be associated with cxthcr
of thc above two ¢3S 1oa systo:s if their experxmgntal Erequcnc:es are '

correct. A detniled discussion of tha olcetronic ,tatef bf Seﬁz 1s defarrcd

to Chapter Tﬁo. .

1.7, Pravioas Gﬁo Phaao Iuvoatiggﬁicns of the B Systcn of 3c02 in Ahsorptlon
. The D« K ay°tc: of. S@!g has been studicd ungcr 1w resolution by

- acveral workors' Cbccng Shin-?iau (1933}, &sunﬁi ot. nl.lo (1937) and, moro
~ reccntly, by Duchosno. and Ro"cn (mn '

© puchesno and Roscn woro tho' fizst reacaxcher« to gtuﬂy thc B Sy;tcn of

'5e0; in tho 1gat of the Hwﬁa@m-‘i‘ouwl

oxporimentol features and @hdcﬂvatﬁcnn im tﬁeig vsxk va jdenticol o the

solectien rules. knny o£ tho gross

present invostigatied, ﬁﬁﬁuﬂ“ﬁh of smmkso thoy unxued with the natural. solcnium
diomide., T most nozable Eca@u@e ﬁ* o pﬂ@ﬁ@”&ﬂ of lomg F?@ﬂfﬂaﬂiﬂﬁu ‘
. ! v
3 involvhnu zha umpﬁr samta to&aily symzm@wic stzwtchina ﬁrcq&nucy, “:" 660 o
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" This is the only uppor state frequsncy reported by Duchesne and Rosens. This

is in contrast to the present ‘work where all three ftmdnmentals are a551gned

»

Duchesne and Rosen also incorrectly assigned the ongm for the B « X electronic

i transitzon at 1300 co 1 e the biuc of tha true or1g1n, deternined from ‘isotopic

I a

shifts. in the p@;cnt analysis. *This erroneous zuss1gm::¢-nt resulted from their -

»

I
I
[
|

i

mcorrectly assigning- the frequency intewal qf 910 -1 to v'l' when in fact the .
1 -1

,m_terval anses.-fmm the co:ﬁ»inatma band v1 0"\:2 = 660 e~ + 260 em . .
, . - . * e . ’ - o o o '
. 1.8, Infrared Stuches of s@oz . : ,
2 T’i'xe infrared spectm of Sc0, hos boon, studied by Giguére and Falk'® in

?-L the gos phase and in rore qos mtrices by Hastie- Bt al.ls’. and Just reéxzntly by

Cesnro. Spoliti, Hincacliffo ami Osdmz in argon mtrice§. A suzmary of ground‘ '

state frequencies for Seoz is gi\rcm in Table 1.2, e a
o Toble 1. z | o o

. Ground $tato Fundermatals for Sc0z |
e ‘ m " 3 -
. =, Frequency Gas Phasoe tatrix

v 1 sl 925.4 ca™l _ &
’ . -1¢ } P L
- v " - 373 372.5 ¢en . 3
B a1 . / R : .
“vg o | ser.eE!
- 7 hd - L N N -

thainnci feren present gas gﬂmso mmlysi.. of B
' Syﬂtm of 3@02.

1.9. Experimantal Asmcts of ths Proscat Hork
70 .10 0016 L
Loy mesolution .,mctm eE "aoig, Se 0; and So 0, uere photo-

geophed 4n the .accemﬁ me:lm' of o 1.5 wotor Bmsch and Lozd méei 13 .:pcc&m—
- pgreph which has a mawﬁ.n@ pzsmx' ofr‘ 70,600 m‘sﬂ 8 mcimmi di.»pwsion of
7.5 R/m. The slit wideh used ww 32 mﬁcuu Rodak spmmm ﬁs:axyais Hs. 1

e . Yowoe



f:.ln was used in all mtmces The specmm wvas also photegr‘*phed at a

slightly h:l.gher d1sp.rsmn c a 1 5 coter Hilgﬂr and Nates httmw-hounted

' quartz prisn spectrograph | ‘/ _ _ ' .
- T " T

The h1gh resoluticn p,..otogr@s wore obtained in th° first order of‘/

20 foot Ebert Spectrogr::ph similar o ﬂ:e cne descnbed. by [{mu 'I'he
‘s d15pers1on and theoretxcnl reso} gm‘m of the 1nstru::ent in the f:.rst

order is 0.72 R]m@ 150,000 respcmvely. A sht mdth of 30 microns was

o

~ used. A few select bands were also Mtogrmphed in the second order at a-

\resolvmg pc'.-:er of 300,000 anﬂ difpersmn of-0. 36 Rfm.

L Several bands of ths 50730;6 and SoEmogG vore photographed at still

H [
hzgher dxsp@rsmn in the Zﬂth mcz' c2 an Ebm spcctmgraph located in Dr.

'D. C. r’:.oule's laboratary at Drock !hwmzty io St. Ca tharmes. ontario.

An of the absorpticn Ppscmra TTTO ebmincd usma a 450 watt, hlgh

pressure X.emm are, obtaincd froa Qoran Inmel, a5 the continuous rachatmn

source. - : . N

‘ 1.10 r:;sasmmt and. Cal-ibmtidn efSpect(ra = " -/ T

' " The co:panson spoctmm, waich . .was .,upﬂrizposcd cdjcecnt to the k
absorption spectmua, ¥as. n iron avc caissicn SpectRa €ren o Paund are in

" the case of the Ebert mﬂ Doiseh-and Besd pmtogr‘p.'z‘us and o neon fxllcd
hellow iron cathcﬂe disczmmo f@‘z ko mnm picturcs and’ those obtained ot

T T RAR R O
) .

Bmck University:

. The wlative p@aﬁtﬁm of tbo ﬂm oTe u..ﬂ selcnivm dncxmc Jpcctml

lines woro ma.awcd mm g w.?%a wmnﬁ.ﬁ m’zmacm having o pm..z.;m-:

of 0.8981 =, Tho m%ﬂmgﬂa of o ﬁm ni.;sic:x Eﬁms vord eaken %om a-
. e ! |

: 01 v:m-ald u&% s 5 CEDIeSS TY mmdmﬂcn 2o Dz. D. €. [oule ﬁw m.. mnmn
s &aﬁi.}tﬂuﬂ@ a=d hwpﬁmkiw whilo at E""mk m‘vmiw. e .

4

}
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s ' v = ’

tabulated list cbmpriséﬂ by the spactroscopy division of the Kational Research - "-

Council of Canada. .- o | R s

%
Tﬁe peasured iron Iines were then fitted to an.equatlon of the forn

Y = Ao + Alx * Azxz by caans of a least square corputer progran carried out

2
on a CDC 6400 co:puter. Once the constants Ag, Ay and’ Az were deter:nned the
wavelength of the spectral lin,s Here obtained by substxtutlng their poszt1ons.

1nto the above equatxon.

—

The air wavelcngths Hore convertcd to vacu wavelenuths by ghans of a

£ 0
forzulae der1ved by Edlenzo. Tho vacumn wavelcnuths were tﬁéh convgrted to
» . \ . ’ ) N . h

. vacuun wavenu—bers.
1.11. Experimental Conﬂxtxcna :

o

Sclca;u: dxoxido i« a mﬁito crystallina solid w\xch subl1mcs at 350°C.

In order to photograph the £as pbaae qpcctrua, it wns nccessary to heat—the

. call electrically %0 tc:parmturca rangin% betucan 130°C and 200°C. Between |
these tc:peraturaa the vcpor presauxe “of Scoz varica over tho éﬁngc 0. 01 Torr o
. to 10 Torrit. . . - - |

i Tha expoauxe tinm Ebr the high redoluticn Ebert photographs varied from ;

]

i3

S to 40 uinutes uith chak Spectrun Anatysis No. 1 §iln.




CHAPTER TWO

ELECTRONiK\STRUETURE AND SPECTRA oF SELENIUﬂ DIOXIDE

2.1. Introduction . a : ) ¢ ’ - . ;

In ‘the electronic ground state, soleniun dioxide is 2 bent sy&:etric

AB2 type nolecule contalning eighteen valence olectrons in its molecular
orbxtal fracework, and as such is valence 1soelectron1c with 03, SO;- and N0, .

Since the present’ sophi“tication of quantitative nolecular orbxtal calculations

has not yet been extendcd to include third row elenants such as selenaum the

theoretical discussion of the :nlecular—orbitnla ‘and low ly1ng alectronic

states of Seoz cust proceed by cc:parison-uxth the cuch studied isoelectronic

S0, and NO,” mlecnleszz "B, -- _

2:2. Holecular 0rb1tal Caiculatgﬁﬂh for 105~

: In ‘the following socticn @ brief sulnlry of the one electron colecular
orbxtals for sz is discuchd. Sinca ‘tho nntura of the prcscnt work has been
spectroscopic and hﬂa not. involved nny nwnwrical tolecular orbital calculations,
thb unalytical wothoeds uscd in. calculatien» wiil not be dlrcussed in the thesxs.
_Tho thinga that are, of p?iﬂﬁ intcrcst in so far os the present work is

concerncd aro: _ ,
(@) tho ordoring upd naturo o tho highest fillcd/zﬁibtggar orbatals in

\

ks )

tho ggvund 34314 3-8 am% _ \ o
(b) tha olectron canfiguxatiens uhich are onpectod 20 gzvc tise to thc
girse fov 167 nyimg excited okoc%wenic S2a%0S. f
Tho ordority of tho, mal@cnlar ombimals Ebr tho mit?ize icnaz (ifﬁelcct*onic
with Scoa) oro given'in Figezo 2 1. Tho r@ﬁaaﬁva ordezing of &ha MB" Tezain
the sczo in tho nitrito ium,(hna 3, @«a@a (03} anﬂ 3@15&? diaxidc (502)

a2
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i *

} It therefore seens reascenoble .to ‘assuca the 5202 orderil:tg fo; Se{)z. Houwever,
3 - <
¢ it is :hfficult to say to vhat. extent “&“ orbital particxpanon night affect .

T -
i - R Y

i1 this ordenng . ' : S J
J{ Mana et. al. h/avc discussed the nntu:re of the MD's imrolved in
;' generating the low lyinu excited electroniq states of soze 18 electi-on ‘cole-

Ii cules, isoe;ectromc with Se0,. A brief sm:ary of their resuits w111 be ngen
: i?__elow W;-; _ - e : ﬁk
' ~ Froa F1gure 2 1 it can bo. .,ecn that the laz(w), 4b,{0) and Gal(c}k
'nolec:xlar orbitals aro the last ‘threc occupicd FD's and the Zbltn) is the_first

unoccupied ¥D. The foro of thc sbove four }D's is alsg shown in Figure 2.1.for

- . -

Se0, and is assumd to be the somo os mzb. _
locnlizcd on the two end oxygﬂn ntm Tho 4b2 D ('o) is also locatized
primrily on the oxygea ato._.a and con.,i.at.. of the inplanc overlap of the selc(::mm
4 th €0's ard s antibondid

Pz AD with tho oxme# (2py, - Zwa) and (2p3 *+ 2Pz, ) i ordirg
in both combinﬂtions. The 6ay KD is al.ao of o typ@ and re.ault.. fmm overlap of
the solenium dpy AO wit.h tha oxygcm GO (2py ° 2p> ) and is bondxgxg The by

¥ is’ :r" in naturc cnd rosules ﬁsm%} the cut of plax:c overlap of the s .acicm.u:a

4px atomic orbital _with the oxygen GO (szl 2p;2). The overlap xs bondm, in

naturc. - : R S SN

2,3, tolecular Orhnals of Sc0» (E.mm Cmfomtim) o vt .

5

1t has leng bcﬁ"l mco:;ni m‘l tﬁmt m gcci:atric Jh.pe of a r::olcculc mav

>

bo, mawtwﬂ by conoidering tho mature of tho mlewlm orbieals cozprising u.

Kmtom and Sammz ‘havo mmﬁy shewn ¢ho ﬁm@mc@ of 3& orbital partic1~-
patica in minimom basis sot cmlcnlaﬁm _. €02, In Se0p d oxbiwl., will

*
H
i
1
i
i

Tho lnz D is of v matimo and cmist., cntxrely of gmup orbitals (G0's)

mmm” in 1542 ond Fa1ed®® loeor 10 1953 dmestigoted the chenge in orbital. -
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. energy in going fron beat (80°) to a lincar conforcation in ABj type noleculeé?

H'rhese authors have sh_o:m that a2 redistribution of electronic charge resulting

+ fron an electronic tronsition can cause o change in’geor.etry' of the colecule - .
in the excitéd electronic s ..Qfate. 'Eherefom. for the sake of conpletenes’s', the _
colecular or’bxtals for Selso in thoe lin..,ar ctmformtion are sha:m in F1gure 2 2.

! The orderxm of the tD's in the linﬂ:n- confomtion is not certam. The order—

ing given in F1gure 2 2 15 the .aa_..,. as for CO; &etcmned by Rabala:.s et. al. 29

<

The variation in orbital energy with bond angle is given in Fxgure 2.3.

&
Such a diagraon is cozonly roforred to a.; a E:ialsh dmgramzs.
~A

-It <¢an be seen, fm:a thoe Ualsh diagran in 'i-‘igure 2.3 that the dog, 3o0u,

@

gy Sag :md 40u orbxtal.. Eavor tho limar confomtmn while lmy-1by and 211“

favor the bent confoxmtim. ~ The d.lditicm of tmo c}ectm to the strongly
&

bent- stabnized 631 x:olccnlar ordital is primrily respan.,ible for the bent
gmund state geozotry of Sceg, tchilo CScz with 16 valence electrons remains

linear with a (lug) ctmfigzmatian.

2.4. Low Lying Exciged States of 5692

According to tho qmlitaﬁva orc‘ism of tho one olcctmn mlecular

orbital of Scly give:: in Figum 2.1; tho gmzzd stato confxgm‘atim is

*.....uaz)zmbz)z(ea,)«’- I . (2.4)

It ‘ . L -

~and, as is cmcctcﬁ in mwzﬂmca uith t?ans’:'s mles, t.he zolecule is bcnt,
huving a lm ground caccﬁmﬂm‘.c swm. | , : SR L
'?w oy lying emitm} olestron ccnﬁﬂmatim ard tho olectronic states .

-

Tho basie geoup gheoroticnd =2 utkm%ﬂ involved in dotemininu the symmry\and
cultiplicity of clecercdic States mmm fron oloctron configurations has

been assumed throughout this ﬁw&ﬁ.s. A cempleto discussicn of group theory
and its ggaucmim to cologular 8 m ean bo found in eit%wr of -
Horsbergs E(imn » OF Hozhstrasss o
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; arising'éroé;eéhh ofathese, in‘appioxinate qfdér oflinéiea;ing ;nergy are

_ gwen 'below 51, _ ' _ o -' -

| L......(mz)z(abz*)?(eal)l(zm)l 1,3, e

TR LA LIC LR O 2.6)

' ...._.(1a2)2(4b2)1(6a,)2(2b1)1 1,34y L 2.7)

e Oe?edy) e @)? e, - . (29
oo (o) (@b2)2(6a)2(2b))Y 1038, T @ey
'.'....(mz)l(abz)%eal)l(zbz)i | '1:.3;\-2:' , e (2.10) |

e

¢ -Under C,, .»ymatry, tho th¥eo cc.':,pon..nts of the dipole momnta operator

tran_,fom as Aj, BI and. Bz.. Tﬁzemfom. tmnsiticns fron the totally symﬁtnc '
- ground state to 1 34z ...tat@., (2.7 axd 2. 10) m:e. withm the Bom-Opperﬁwi;xerh
appmnz:nuon forbldden sm.s‘.l could zrppaaw :mly weakly through a nbromc rochans
ismsz. Transitions o ' (2:6) o2 13, gz 8) -arc alloued but. shonld be weak

since déublo clectron eacitntmn is mvolveds . Tho transitions g, (. 5) - X 1:\,

or ultmvxolet region of the spscﬁm in Zost w-electron mlecules. _The |
‘Bl ‘Al rma_.itim is ezpectcd to givo rise to "purpendzcuiar" Type C h:mds
and s .,hould hc acccz:p:micﬂ by 2 mdmto ircrozso in bond angle and o .,mll

incron.»e *m bm.d lemgﬁa in tho excited seaeo Y, 'i‘he ‘Bg + 3A; transa.tion, on

thu other hand, ohwld giva ?ise L "parancl" Typo A b:mda anﬂ _»hould he

.4@

excited statem. 'ﬁm pm.mwa ma‘k wwmﬁm th@ ig, « x ‘A; tran.»itim in

Sc02 uubsmtia&c., m‘m abovo pwdsﬁcﬁm goe tho excitcd 332 wam. The -bond

ualeo ©was Ecmﬂ % d:.v-w 50 xm Mﬁ.ﬁﬁ“ go 101.0° im t!'o oncitcd statc uhne o

o bend mgw nmmcmﬂ gron 1.607 :s . L% 1&
a0

&

ﬂnd 132, (2.9} \X . are olectrmicany nllm:cd and should appear in thc visxblc -

accot:'pamcd by a demuse in h@‘ml am._,m wﬁ on frercase in brmd length in, thc -

.3 s:m’% .»rm wm'm hovo mm%] ﬁw immoe ab orbzicn

(- '
e e e A e S e M Vi i AT
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7 )
_ in S0, centered arcund 2350 R to bo quo to the 1B, + X 1a) electronic transition.
'rhey also observed an increase in bond length while the bond angle d.,creased '
relat:we to the grcmnd state in the 382 exc:.ted state of S02. f«fereraz and ‘
pore recently Brand ! have shm the weak absorbuon in Sozﬂammd 3880 3 as
due to the 351 + X 1A, olectronic ¢eransition. | The spectral region araamd 2500
‘£ is thought ‘to contain tho 13; + % 1a; transition, but this as yet has not been
confn'z:ed by rotation anaiys:.s. _ |
The observed elecmnic trmition.. of 502 in the visible :md ultra-
vmlet region of the. .;pectm are in excellent agme:mnt wvith the low lying °

excxted states predicted £roa miewlar ordital conmderatmns.

Fecy

The observed ommtal data ond assi.gn'mnts of the electromc trans~
jtion for 03, SO, and KDy~ are given in Toblo 2.1 after Maria ot a.2%

In Selz unlike S0,, tho first chsaxved 1oy lying electx-omc transxtmn

s 3By + X ‘Al, fono'e:@d in cms.r@ by tho 1B, « X A tran.aitxon. 1t is pro-

bablc that tho expected 15 asd 3131 olmtwaic states 'in Seﬂz 1ie to,the red

of the 332 excited state. . Eéforts aro 1h progross to dotect transnims to
t.hem eloctronic states. 'o Hoak mthar contimuous sbsorbtion is ob.,crved in
tho spsctra'l m’@m Nmﬂé R, end it is peosible that for sm __tqason thg 1 381
P ‘excited statos: of S0, ‘0Te éismciativo. This is in &imct_ contmstﬁ 20,50,
* " where the 3!31 = X1y cloctronic, miﬁm is shorp and discmte‘az..
_ Since it is possible for %92 to bocomD hmar “in an cxcatcc‘. electﬂmic
, - .»tatem it i mﬂmt to me w %@ @mctmm states in c,.-,ch conformation
comlato. . ST L B R

In tho iimﬂm ﬂmﬁm, tho p2e o

(i3

agatoe olection wﬁigmaﬁca 1520

Mu.ﬁ wﬁz.

no L@&&nmaga Mm% 7 e s ) .
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‘ .....uwg) @ g > Mg ‘Zg

vith the 32 stage lyin,, lowest m cnergy, folleoued by the ‘A and 12

gremt mth ﬂxmﬂ:"s mlm. . “ : /_/
o The fa.rst excated state mﬂmauom 'is assm::ed t’}e IR
or R » -' o
a,f_:\_, : ".”(1“6)3(2.“.")3 1,3 o i, 32\) , ] 32 ] .

‘rbe ummer in whxch the eiectronic states of ‘bent (C } and linear (D h) Se05,
m’iute ,mth each other is sho-"n in Figuzo 2. 4.

y ‘W .

- Smce in the presemt HOTIS the mlecule remms strongly bent m both

electrcmc states,. the Rcmxorss offcet and. othor phenomm, pelating to linear

and quasi- liwamr‘"4 mlowles win t;o't;:!qo enmi&amd.

<'
v

Tty

2.5.  Double. Minimm Potcntials in- Aﬁz Tygo Molecules - » o
Us w.ny the gcnotric tmtm:o o@c‘ a Geat AB2 molcmle has Coy | syﬂ‘z:@tn-fl |

wheli’ the mmlex aTo. in their cqul 1ibrium positimﬂ Kowever, there is evidcncc

that occasicnally a bﬂnt maz moloceunlo haﬁ &"1 macxtcd state mth tuo equxhbnu:: 3

stmctums thich deviate fw:l CZV

funint m by 0y rmere % is a- nomal co-nrdinnte

TCPTOS cnting a spall mtivy-tﬁcal displacmntss 'ﬁnis Teans that

u-j,c vnbratmnai

; clectronic ftate %’m.; a wm-mnim potentiol in the antisym

E co-ordinato Qs' ond t%z\at “2ho mlm&o will have 8 stablc m-rymstric .,t,mctura C
5 ‘in thcso vihmticnnl 1@%19 a.a.;mmwd with l;l5 whic&a lic well belcm the peak of

|; - the bhm'ic"" The mlcwﬂa:r sy-lm min bo m&hmed ¢rea sz to c and *::hcse ,

i . vibz-emc lmmll Bolew o Ezam'ﬁ.m mmbit tho cmmzucmcm of c ..y-ntry
(o.gi, B0 %w <0 3 Sond should ﬁm o A-D hybrid typo bamd). Above tM

barzicr to irvorsicn,: tho © ux@m@ ﬁ%ﬁy mm'ms f:“\mm eno s%:mcwm to ti‘m aﬁmr

ard 2ho c:mﬁnib:rim sy-’-’-w boesnTd ﬁ.,v ggada. - o

c@m%'w ?.?:.s.u.m Wmm @.m caﬁmmm ef a dm;bn@-linim pawwmn in

R PN

- . . .
- . ) R ) oo .

—t.
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the 4758 A electromic tran.a:.non of C20» as well as the 2348 B. system of S0, A

[

and the 2491 K systen of KD2. Tho prescat cmalysis of tha 3120 X system of
_ SeOz also strongly suggests the presence of a double—mni- potentml well

in the exc:lted state Q3 co—ordinate. A fm'ther dlscussmn of double—mmmm

" potantials is deferred to Chapter Three where the vibrational a&:&lys:.s is

diécussed in detzil. The re.aoluticn of the symsaetry spedea of C into ‘thoseé

-

of C are given in Table 2.2.

Teble 2.2 ¢ ,

Con-eiatmn of stry specics of the CZV pomt grwp

\ -

into .those of (:s SYC2atYy
Cov - .G (o o)
[V A, y (d-axis).
ﬁz k A A" R * . l_l
By - 'A“- (]’ x (c-axis) e
By - At 2 {g-cxis)
L ‘ R A R L T
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vmmmm.' ANALYSIS OF SELENIUN DIOXIBE spmm.a;
3.1. Description of Seoz Spectnm . o
h - At least five discrete electronic tran.»xuons have bem obserVed in ?
the gas phase spectrun of the selenivm chomde mlccule in the Spectmi regmn
between 2000 R and 6000 £ 71, mree of these transitiéns have been observed
in sbsorbtion in the regiens 2070-2210 R, 2309-3&03 R and 5500-5200 X and
» -have been des1gnuted the A, D and C systess xespecnvely Hnr.,nuth and
vaaranmrtyu also claio to hmm obsewcd uo Systeas m emssmn mth
origins -at 3110 A and 3119 ﬁ e prcsent work is conccq‘zod prim;n-uy with

-

the B systex of .,elemu:: dio:zidc. :

3.2, The B Systen of swz

'ﬁ'zo B .,ystcm of ScQ, hos boed M%gmuﬂzcd wnder both muh and mm

resolution using pure aelmm :md ewgm‘\;.» mcs. Particns of the. spcctra

of the Semolzs an:& Somoéa roleculcs are shm umde:r lew dxspﬂrsmn in Figurc .

-~

3. 1. »
Tﬂw cost prmaime femm in tho spscwm-are long progressions with

\‘*“—ﬁfé“uemv imtuwal of Cppros

assigned to "1' the totally ymanig smtm’nmg froguency of the excited

ipately 66D o -1, This frc:gumcy,c@ be -

stite. Both the exciwd state Win@ ﬁ‘mum:cy v., ‘s f.eo re-3 and the asym-

'mtric strotching grequensy ©f 1572 < (2\: 3 wwcar jn the spectrum a3 fal

origins for totally wmmtric Wiw in "1" ALl tm‘e@ fundemental fro-
quencics heve da‘.mmma in the msi%ﬂ swm. ghe gmmﬁ and .cxcited state

e tRre COSTCIELS,s | are o mﬁ*mﬁ in Tedlo 3.

froquonsics, olend with tﬂmﬂr

tary of the bends in m sym- azo doudle ot a?ﬂ ﬁwml ﬁmmmy |
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intervalé are abnomally large. Each of these anczalies will be discussed
separately, later in thc chapter., -
- The strongest progres.aion in the spegtrun invelves "1 and onglnates
on the unobserved 2 level and ccnta.ins tuelve zembers. The mtensxty nanmm.
. occurs m the s1xth nechber. The presence of such an extended progressmn in
v; in cc-mbmatmn with v indicatos a substantial change in both bopd length

and bond angle in the excited electromc .,tateo

3.3, 'l‘he 0r1gin Band of the B Systcn of Seoz
The spectra of tho two isotopic mlewles Se 78016 and Semola were
photographcd undar hxgh resolution arnd tho positiom of the band heacL. care-

fully detemin.d u.aing a tmvellinu microsccpe accmte to 0. 0001 centmeten)s, s

- In Fzgure 3.2 is shown a plot of isotcpic splitting anainst mber of quanta -

78,18 .
of “1 cxcitcd for the two isotopic mlemlw So 0 % and se 02 . The origin -

band for tho eloctronic trmitim ha.a an isotopic splitting of -8.9 co ~L gor

- th so’%0," and So ”’o‘, molocales, tho heavier isotope band lying to the blue

of the lightet one. '!‘ha origin bmd for tho- 307801 ::sotopc occurs at

"1 he origin bzmd of the Sawom and Scm}lt)IG golecules have an

. 8 16 8_18
“isotopic splitting of -2.4 -}, For o So 0, ond S0’ 0, eolocules, the

31955.0 cn

isotopic splitﬁno is found o bo S0 cm pw quzmta of v o::citcd. with the

'hgi’xtm isotope to ?.Em bluo of the he:wiex- ono. A siniles plot u.,inu the iso-

tgpic apli.ttims feen the Samom m::& s@ao 16 mleculea givca a valuo of 1, 46

cn -1 per quanta of v cﬁ.wd. it is peﬁsibm <o cb.»awe thmﬂ quanta of the
gmm stato mmuy ﬂymmc utwachim fmwm-y "&’ os hot bmds to the -

red of tha c.bowe &sigmm’l origia Band. E‘ﬁgum .,.z (iwm cuwo) ,.h.a‘::., tM

' Un§cw? othoruise a%@&d, ail Qm&mﬂn esed in eho teat refer to the -
"‘0 isotopo. ©
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corresponding plot for v .As is expocted there is a reversal in the du-ectmn
——— Y

of the isotopic aplgttlng in the hot band spectrum_fa—fhathan»the cold b band

——

spectnua. The average splitting_ia —47.0 cm‘l per ‘quanta of ”1 exc1ted thhhﬁi@_ﬁ‘mf“
the+heavier isotope now appearxng to tho blue of the lighter one.
The explanation fbr this reversal is sicple, and can‘be understood with

. the aid of Figure 3.3.

3.4. Isotopic Spiittings in ﬁot»and Cold Bands of Electronic Transitions

A cold band in an electrcﬁic tramsition is due to a transition or1g1n$;
‘ting on the v1brationless level of tho gruund state and teruxnat1ng on an
- excited state vibronic lqve},_uhilc a‘hqt band transition originates from an
" excited vibronic levelnin the gréanﬂ stato and terminatcé bn an excited state
vibronié lovel, Tho transiticns dcsignated {a) in Pigure 3.3 give cold bands :

",

uhxle those designated ) give hoz bards. I, for the anmcnt. we assums that .

the isotopic splitting g of the vibraticaless lovél in both the ground and
oxcited state is too seall to 401?0, thea for a decrease in frcqunncy in -
going ‘to tiic excxtcd dtata as a reﬁalt of o ahallowar potential well in this
state, tho levels will have laramr aplitting in the groumd.than in the cxcited -
stato. Tho level bekonging o the” liehter isotopa will havo o higher energy

since it vibrates ot 2 highur fr@qusncy._ Since the Jplitting of the v w z‘ﬁ*”'*ff"
1sotcpic lcvcla in tho CECUNd state is lorger than tho “i = 2 splittiug in the
upper statc. than tha bmnds of thmeﬁighamr izotope will lic to the bluo of thc
heavicr in/(a} hu& to the ol of tho h@awimr*in (b) In tha p?ﬂa@ﬂt case the
origin band hus an isotopic v@l&t@im@ oﬁ -3.9 am th@ hemviev isotope otigin'
band lyiau 20 th@ biuo of the laght@w ono.. This' cza b@ xatiana!iued in tho
folleving way. S&sca tho three *hmx»ﬂwaaax ﬁrmqnamcics geevesso cmnsiészably.

in tbc exeized e%&?@, aha@mﬁerm, Eﬁ@ y@tmm@i&i waazs %l@ﬂﬁ theso co-arﬂinates .

» . @
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will be shallover than the corresponding wells in the ground electronic state.”
Accordingly, the v, = 0 vibratioaal lovels will lie both closer together and

closer to the botton of the well in the emted state then in the ground state.

“Thé zerommt energy ui_ll therefore, be less in the excited state than in the

ground state. Smce the 1sotopic splitting of the v1brat1onless level is -
larger in the ground thzn in the excited state, mth the lighter 1sot0pe Ivmg
at hxgher energy the omgm b:md of the heavier 1sotope is expec@ed to lie to

the blue of the origid bard for tho lighter isotope and thus a reversal in the

direction of the isotcpic splitting is obscrved. The reversal in the direction

of the isotopic-splitting is shoum in"Figum 5.3 by the set of ‘trzinsitiqns
iabélled (c). ' ' o
3.5. Grourd State Fupdcmeatals of Scf

The infrared spoctri of solcziim dio/xidc has been studied in the gas

phase’ by Giguore and E-‘alkw am! in tho selid\g{hase in rare g:m mtnccs by

Hasuc\et. -al.ls and Cesaro ot. al.m Tho gg..)pha.»e work of Giguere and Falk
give v';.-: os 867 o in gma agmmmt with the value of 970 2ca -1 founﬂ in’
neon nmatrices by ﬂa.;tie ot. al, am 905 < repm'ted by Cesaro et. al. The

weak v} fundmtal cmzm me e ﬁeﬁnﬂmly msignw in the gas phase because

of overl‘f;p with the intrm.ae v ' ghuozdtigan. E}m:heone end Rogen® . hmfever, :

1 910 cs:u fmm t!mir mmlysis o&‘ the B systea of soleniun dioxide.

'mc present zmanyms oft' the B syszcm iwﬂicmm 923 el for tho totaily

i 21
symzotric Jtmtchi% fmmnw of m.@ gw:md mm:e. ‘The hw.@ al oi‘ 910 <o

attributcﬂ to "1 an m.céwsm ond MM was ir-cmm:fzay mterpmted “Tho iso-

_ tcpic analysis @Q uﬁ@ﬂ mmbimmmﬁy ¢the gmc:z: -1 iutemi is in §act ,

-3
due to tho emci?.cﬂ saaae cm«:bﬁmﬁm hm% & ua m.am "z @ &&0 e .J.

Vg o 269 E‘. " Highor  of Sﬁw mciwd sw:mr ymﬂmasim iwaivim v

@
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show a- frequency mteml oE appmimmly 650 cn 1

Hot band progressions.

in "1 ongxnatm, on the l.l and 1 101:@13 are quite ‘weak mt’h fewer menbers .

in the progression. Ducheﬁne ard Ro,,cn incomctly ms:gned the origin ’band

l

. for the tran51t1on 1375 ™! to the blus: of the true ongm. Prior to the

:present analysis the mterval eorrespomiin, to "1 and v , had not been observed

=

in absorbtzon in exther the gas phase or in 1 te:perature mtnces. "l‘akeo -

7

et. .’.lla fron the mcmmwa f'poc‘arum of Seoz, have estmated v = 362+id :

1, using Coriolis ccuplimg con..mna.., am! mertial defects. From the present

work the frequency intcrval a.:_aaciatcd with v has beem ohserved to bBe 373 cn 1

¥

'rh1 is'in excenent agre-olt with thc mlm ] 372 5 recently detemmed by
‘ £

' - CeSaro ct. ai.m fm .,wslic.a of 55’02 in an a:rgom utrix. .

i

3.6. Excited sww r:mzmmls £SOy | 8T B

' In m“m prc.ac:w:,vwmﬁu..a}. m.a&ysi., of t.he 3 syste:x of Seoz. all three -

'excxted state- ﬁnﬁmmls ore msingd By far the n::cst active Erequency in

~1

_thc apectm is v @ 660 e nhich oseurs in lcmg progmssions mth as nany

-1

as twelvo nemders. The bﬂnﬁing fmma:y vy @ 260 = aypears only m co..bm- .

' ation with v ard v whilo thc asymmic ﬂtxozdxing frequency 2v = 3372 en -

-appear in the Jps:tm b@@u as tho. Emﬁmml zmﬂ in cozdination unh v1 and
r. Tho gmm'ﬂ and exciteﬁ state fmu ies fo:r ﬁw 3076016 zmd Se 0 ® mole- .

D
2 - 4
' culesam.,mri..&ﬁ ﬁn%bloBB.r | R T s -
\ - . . "- . " ) vk- V . —_

b1

© e _ — -

- 3.7, m;or Progress iw in ttm B System of Sc@z
"a‘w mjenty of &:m%s in ﬂ*e sycﬂ'w.m mﬂy a:c -ccmm&cﬂ for in terss of
prcgrcssnc'm in u ‘”‘( faﬁawﬁ% et 2o wigﬁm fer a mamwnm m am.a

Y

m:a::: ':009 2 2 23% "’a" Ja,,ﬁ : ',,. “Tao 3311 pmgmmnm cowtaim thc
s'u"c c.,a bands ‘ﬁm 20 smcmm Fho wmmms czm& assig _.....-as faz the abwa

A3 E of ehoe wﬂﬁﬁd. Sim wmw m .sQ m

pmmﬁi ey se a:im‘a in Az

.
ot "
-
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.. Teble 3.1 . | e
Grownid and Excited State Fundonentals of Se7 5 ang Semo18

Isotope+ Percent Chqhge
on-Excitation

se”%0,° v (o) 923 co ! 660 e} -28.5%

va {n;) 373 & 255 ¢co -30.3%

v3 (b2) 967 ea = -29.1%
se”%0}? C v (o) 878 ot ||I© 625 ¢o -28.9%

. v (81) 3™ || 205 em
vy (b2) ___“’_ =

“Evidence i3 proscnted which wgg@sm tho prescnce of a double-ninimm
potontial in tho ‘asym=otric vibroticnal co-ordinate Qg in the excited |
state of Seoz and, thmfom, it is mot possible go assign a pnrtxcular‘ .
frcqucncy to v3 er tho intemml (0 --1 *) = Zv has bccn obscrved “
Las 172 el

ﬂm\ : . » -

Not obsmed. ‘

ho fumdazsntal frequencicﬁ of So °o;‘5 avo oloost identical with those

of Se xmd are -theraforo noe BROWD .



long _progr&ésions of bards, all of type-A and further since the cocbinotion

-1

band v * v = 920 ca 'is almnétridwticm with v"-=-923\_m'1, there can |

occur quite strong Fermi resonances in the *'pectnm

The three progres..ions in u origimting on tho ievels 00, 21 amd 22
) z:re quite straightforimrd Ench contains twelve cechers with the s:.xth zeober
being the strongest in each progressioa. The 20 and 2 bards, hwever, appear
in absorbtlon dénly in cu:binaticn with v the "2 fwzdm.enta! is not observed.
It is possible ‘that 92 also appam* in cezbination with the 31 level.  This -
hypothesis is discussed in groatex- detail later in the chapter. o

'l‘he regmn of the 0-—-0 band is both very wcak and badly overlapped
The consxderable mreﬂap in this regica is duc to the presence of co::bmauon
sequence bands of the ty'p@ 11211 mzd 1 2 the firft cccurs at almast an identical

frequency to that of tho origin b:md

' r

The hot bzmd spcctm very clemrly a}\mfﬂm thrce bands 11, 3¢ :md 1

" All three bands are thezselves falso origms for progressions in ul. Higher }

o

necbers in this progression furthex mlimw ,ﬁw region of the origin band.

' 3.8. The Prosence of Another Elecemic 'E‘mmition" '

The hot ban:rl ﬂp@ctm of tho B "'ystcm of 3002 was g:hntogmp‘wd under

-1

both !ugh and’ lw r@somticn cnd amem%s for 2750 et o the red of the origin

"band. The ongm baz:a for the tmmitﬁcu ocmm at 31955 m - The ground .

«3

state fundamntals vl = 923 amd u o 3?3 ca - can be tmmbxgmmzsiy

‘assigned. “i?‘e thmﬂ hot bmds in the Wﬁm meng ag. 3!032 c:a , S0115

'1. and 29203 =, amatw by the mmzﬁw intezvals 923.0 wm 1 » 918.4

ca :ami 912.0 ¢ -1 have & @ssa@sﬂ o &l‘m Rﬁ 19 and ie b:mds‘ﬁ remcﬁwzy.

?

"hem is strong ovidenco Mim tho mwm of a wm-mxm gmzcmian

in'the asaric strotching c@-mﬁiﬁ@w Q. of tho encited state. ,Tho (0°—03
- spliteing ﬁs cbsorved to m 7 e~} end o bo assmimm with tho frequoncy

mtem}. 3 R : -

EI
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This assignﬁeﬁi can be :::ié'e with o ixigh d@gre;a. of c@rté.iilty and is sﬁbstan; _
tiated by the 1sotop1c sphttmg for each band : : : C ) '
A puzzhng thing abcut the cbove threo: hot bands is the fact that they
appesr to be doublets, e:.ich having an additiomi head at an average separation
of 78 cn'l to the blma. ‘i‘he calculated b:md ccmtour of the 1 bami in the
cold spectmm shows no indication of tho presence of a semnd head in the band o
78 co -1 to the blue of the first head. Fron the rotatxonal analysis of the 10—
band, the excited state was detemimd to be of Bz Syr=etry, the electrz.c
d1pol¢ for ‘the electronic tr:maltion being polanzed alonu, the a-axis (1 2.,
the axis parallel to the line- joming the omrgcn mzclei.) of the zolecule. le
poss1b111ty that both hoaﬂs sepamted by 78 e cnuld ba as.,cciatcd with one
vlbrom.c band was, however, still‘considm-ed

-9

If in fact the hemﬁ 78 e !t ehm blw is to be ass. cciated with the‘

sace vibrational bmd the*a cno of tho he«.ds mxst bo duz %o a qQ brnnch (AK = 0)
whxle the other is dus to n 5 T O brzmch (oK = +2] in the K .,tmcttn-e The

latter tvo branches am oxmctedﬁto be -zr.h maker thzm the q branch since -

they acqmre intema,ty only as a ?csum of the asy-ctry of the x:ol\emie mrl
thrcugh a pmturbntzon mxch as Cox'iolis emapling or centrifugal distorn}f‘ B

The origin of 2he s .aub-b:mﬁs (J = 0), in tho q branch of a paxaneL
transxtm‘ﬂ of an asy-ttnc tap, in the r2ar pmlata 9ymetnc tOP approxica-
ltma, is given by:

Pl

va@; o v, ® “ﬁo - ﬁ.) - (&“ - gwunmz | . . _‘ (31)

horo ﬁ -(B ¢ €} oz tho yp amﬁ ambm-ms pofer to eacmed mﬂ Wd

a;ato rc.,pmtivaky.

In this ca'mcnt <he mm %aﬁ" iﬂ mwm’: 20 ﬂmﬂicam en cemomiaticn of vory
" ¢closoly Jpacﬂﬂ K m’b— . . .

-
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The sub-band origins for 2 paraliel ‘transition in the o and s brasch
of the K-stmcturé is given by o

us“b_ = vo . 4(A'-E') + a(p.--w)m * [(A'-B') - (p." B“)]I(z G

The ialue of 'K at t.he heead is deternined by differentmtmg Equanou (3.2) and

setting it equal to zero.” The’ rcsultinu equation is:

2By o . <
[{A'-B'] - (A"-BM1] , . ]

Knmn

Substitution of Equation (3.3) into (5. 2) gwes, for the separation of the

heads in the q and © branch, - ofid tho Q amﬂ*& branch of the. K-structure. R y

7 t (At_ﬁo)Z _ T .
W - v = 4(A'-59) 2 . o v (3.4)
~ o :_q - [(Au,ﬁw) (Au_ﬁn}] ' ‘ )

r

Fro::\ the oicrowvave spﬂctm 7 ‘“-B") = 0. 712 cm -1 whxlc froo the present

mtauoml analysi., (A'-ﬁ') = 0,361 c:nh\3 - Substituucn of these values mto
l g

Equation (3 4) gwc., a hood geparation of 33 o The 'observed separnuon

bettmen tho o hoads in the spectrud is 78 e 1.‘ The hypothesxs that the two.

he.,ds belong to the oz vibmnic band &S tharcfom re;ectcd since the ob.zerved .

'separution is much too larga. Tho fact that both hoods aro of equal intcnsity

is also vtrong cvidence against both belonging 2o cne and the sane b:md, ..irce

the o :md s branches wouid do emtaﬂ to have cc’!.azdtambly lcs_, 1ntcn31t)r

- than the bzmcb. - - o L

’ \

It wes thwmfom mccssm o azm.rrn wa fcmr bards J.ocatéd at "32033.8
ety mm.s ot .,m.ez 25 ca” }oena 20200.5 e} go differcat mamic o
transitieas. |

amﬂi@ﬁ tho £os ;;mso e2is smn' spoctrusd

Magonath ond Sivaremany

of ScO, cond cbsorved 3 RURSOT of Bands in tho mtm& vegicn 4700 i to 2750 ﬁx.'

/ FAN

2

i et
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The bands belm: A 3200 ?& to 1 2700 R were a.;mgnad as belongmg to the pre-'
1ously assigne,d B—X system of Sc{Jz studicd by Duchesne and Rosens in 1941.
The rermnmg bands were assigned by Raranath and Sivaranaxm'ty as belongmg
t6 two new systems of selenitm dioxide with prigzns at 32145 cn "1 ang 32052

-1

em ©. A suzzary of ‘the ﬁbratiml constants"detéi-'mined ‘by Hiaranath and

" e

a

Sivarapasurty iS*gi\gm Toble 3.2. . ~ -

Teble 3.2

beranonal Frcquencies of Systen-I and System-ll

Cbserved -in Enission of Sely

lgk |
1 ' : -1

Systea-1.. 32145 e’ 910.5 o

Systen-I1 | 3202 ! | o118 cm‘l

L

Both of the above nissicm SySteRs qculd if they teminatc on tho
ground exectromc statc, appear in absorbtion inm the same spectral region s -
the B Syste’:z of Seoz.- An att-pt was thnrefore psdo to try and o‘bscrve their
absorbticn spectrm in t.he hspe of pﬁx‘hm accmmting for the four sequence .
bands diseussed sbove. < o LT T

The only concoivablm assit zshich could be made would be to assign

' 3 -1 -1
the four vibronic baﬂ.ds locawd at 32033.@ o , 31110.8 @ ,.30192.5 e

R—

and 29280.5 cm -1 as tho 00, 1!, 2, wﬁ 13 of ono of the tvo electronic states

¢

'obaervcd by iéax'zma@a and Sivmr= sl

~

.

. 1t was, hewover, not possible to cbsezve the frequency interval of

182 c:a'l, :mwhm in tho .apcemm, noT was it possiblo to mmgn ony ney

i

fmucncy imowaa m uming fron the aamm«m e-f.:‘ a cleso 2yﬁnf~ secord clcctmnic

transition. - o , o s
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since there are no excited stgt encies observe8,~along with the

fact that the presence of a second electronic trans:.tion, only 78 oo 1 away, -

is dlfflcult to acccunt for theomticauy, ‘the hypothesis of a second electromc

_transition wWas re;ected. In the caission work- of Hamnath and Swaramamu'ty
both trans:.tmns were fuund to have ‘the sams intensity. It uould be difficult
to explam why only one of the two eﬁssion systew should appear in absorbtion

if both were tr&nnti.ons terninating in emssion on the ground state. The four
vibroni bands rpentioned above, though still mexplm.ned,\ere assirned to be
sequenc:m\dsas\gﬂ/;lted in soms my uith the B Systen of Se0s. ’ : _

' The possibility tlmt the gbove” vibronic bands wvere duc to an mpurity
colecule such as Sep was exelwﬂcd sipce the basds showed an 019 1sotop1c shift
when the 5678018 spectnm was photomhd. Since isotopic selenium was used
the only other reahftic xqm‘ity which was con.»ider@d uas "Se0. A!ong with .
the fact that the observed frequoncies of the bards are differcnt to those of-
Se0 obscrved by Shin iaws thm rotationnl stnscture appears zuch too cozplex
to ba assoc;atei with/jx dintomic lemm. '

The isotopic *‘plittlng of all baﬁds wvas found to be alaost 1mear mth'
displacemnt froa the oﬁ.gim. regardless of the” naturc of e bond., Sinco thc
four sots of bands wem scparawé by cnly 78 ea? both mmbets of coth .:et |
showed approximately tho sozo isoto‘picmhift* so the isotppic molecul gave, no

ney information, othox' thun ti‘m bands do in foct beiong to -Se0z.

31.9. The (:om Spccznm of ﬁm B Systen of Sc@p,

—

All of tﬁm bas nds. m a“ae cold smcﬁm ten bo © ...ccwmcd for bf’ pmgrcs-

-1
sions in the ozciecd .,tm.a mtauy ay’%ﬁc stmzcmm, fm cy u LB 660 e

Two interesting @mmq arc gxmﬁam ﬁm e fmc;m o

1. There i3 00 mbmmny Mﬁ;h immity Mmcimm& mm ﬁm 3g tmmis:im

b i e et




{see bélo::) .

2. ¥any, but! not all, of tho bands azo dsuble-headed.

3.10; Progrcssmns in Antx-Symm'ic Vibratians

B Accordmo to the sir:ple classical pnnuple of chk the g\,czetnc
conformtmn ’bf the m::lei znd thau relative velodues does not change during
an electronic trnnsxuon. ‘mmfcm the mtantmwxs s)mtzy of the equn-
1br1u::\ ‘position of tho nuzlez is tbe sc=e in botE: co..‘bininﬂ ¢lectronic statés.
The classical princxples of Fm..ck woro lmer doteloped qu..:mm cechanisally
by Condon; the cozdinal treatmeat is vow most often referred to as the Franck-

Condon pnncxplc .

I1f a non-totally fymtmc uibzauca is em:ited daring an glectromc

&
transition (amd ORSk again it is a.. ehat the. mstamanemzs syrmmetry of. the

excited state -i., e ‘same s ¢ of tho greund oléctronic.state) then t!us '

requires that ‘ . potmtial .;mfams ¢z all m—tomly symzetric | vibmnon.,
have thoir origins dircetly ‘.bwc on m&hex. Tho potmtml well along Qg,
the asycotric atmﬁ ng normal ‘eo-ordinate is shmm in Figure 3.4 for two :
..bming clecmnic .,tates (the doudlo-minimm m‘zaractcr is igrorod in this
éectioﬁ). “The mters of the two wells must be dxmctiy above one cnother

: 5
since zmy dmplawmt almﬂ Qs in o mited stote relative to that of the

T

31

ground state mn comsmml to o cuidibriun mym%mc structure.in the
excited stato. ‘This weuld tﬁwn wielate ﬂm initial as'f'wptien thaz the ]
| sy==otEy of tho m!@mle& reznin mmmﬁ &ering 2a wnmmzzic tmmxncn.

Therofore, within the Fw&k-ﬁn‘w ppzexization; < the teansitdon @mb“hxlnty

‘botweon tE0 clcezronic awﬁ: ic propertlcnal ¢o tho ::f..z'mc of the matrin

.

olezcat . - N

"é'.@'l'ﬁ.‘i@“@‘?‘)‘/ o ‘ o L (8.5}

- - ¢ . h .
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where ¢ and ¢ are  the electromc and vxbratiml wavefuncuons respectiveiy
and T is the electnc dii;ole cp@rator._‘,m prices vefer to tho upper statc
while the doublé prices refer to 'tka lowor state. E L B
Within the Born-Oppmahcim approximtion the nucléar ard electromc

cotion may be cons:.deted mdep@dent znd Equation (3.5) rednces R0
'<v'|r|¢"><¢ |¢"> T X
‘In order for an electronic transiticm to ocun-, Equation (3. 6) pust be non-
zero. The transiticn prchability will bo difforcnt fron zero oaly if the . .
) mtegrnnd of Equation (3.6)\# totally symtric. | R
“The first mtegral of Equatioa (3.6), <¢' lrlg;a“> is the ‘transnion
cozent and is n.on -28ro only if t!m direct proecuct of the rcpresentanons to

\
vhich the electmxc wavefunctions beloag tmmfom as o2 of the cezponents

of the electric dipole operator r, which trzmsfom 1ike tho tram;latmns Tos

Ty,_ and T'z‘ ﬁe_, ﬂimfo_m. hhavo tho ﬁonwm selection wuele:

To! .x To" = P’i’i i B Ry y, | . . (3. 7)'

-~

Thc uecoﬁd integral of Eqnaxicn (3 6), <'lo">, is called the Franck-

éondon ovcrlcp intcgmi end i5 non-coro cmly if tho follmmg aelection rule
- ! . /'
is su:___ti;ficé: . - S

ot x T" = rﬁ,» (3.8)

S TR A T AT s T e e S e
. R ’
+ .

If weo -assumD tmizium fren ﬁw m’@mﬁ sgaze cccur fron tho vidration- '
less lovel, thea TOWs Ay amd, mmf@m, cwrﬁi% to the Framk-cc-ﬂm '

o
senheimer opprosimaticn, the %meﬂ vnbra‘tiom;

“ principlo; wichin tho “Porn-0;

=y be oxcited: . |
1. wtally :sy—zﬁc wimum o=y m@ ?nr my nuzbez of qmm,
2. Aaeisymmotrie yibrstions mist chongo by &3 oven GTBST, &V © 0:2,0sees
wh v 33 'Eﬂw vim%m& cuantum wmbor. B

%

-
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if the ssrmétry is &iff_egenﬁ in both states then only those vibrations will
be excited which preéewdthe SYLZOtTY elezents cozmon to both states.’
| Therefore, according io the Franck-Condon pri:_zg:iple,.jhe 0—0, 11,
cey V=V transitions will be iﬁtéﬁse, vith the higher mezbers beconing pro-
gressnrely weaker due to. their decreased Boltzmann factor. . |
Sponer and ’Tellerﬁo have showm, for pu:cely haroonic ﬁibrat;c;‘ns, that
the ratio of the mtensxty of the 0—0 band, to;that of all the other penbers

in a progressmn imrolving gn zmymmtric vibratimDQ, is g;wen by

(v'v") 1/2 intemsity of band 0—0 in Q ¢
. 2—1-_(\;'4-\:") mtcn:nty of all bands O—v in

V= 0,24, (3.9)

"N
8

uhere v' and V" are the froqucmcies in tho tuo co&ining clectromc states. |

This ceans that cven in thc: extrezo cose wacn the v:.brational frcquencie.. “in

the upper an and lower .,tate change by 50%, tho imcmity of the 0—0 band mount.s
to 94.4 percent of tho total int@asity and oaly S 6 percent 1s left for‘ trans-
itions froo v'' = 0 to v' # 0 lovois. me tho 30. 3" rmd highcr bands .,hcmd
be very weak and in all probabxlity mt ‘bo observed in the spectmm
It is pos sible to raticnalizo t?.w above results in the follwmu DaNNeT.
Since tho p@wnual malls for asy-tric vihmticns belongmg to different
clectronic states m;st be dimctly mbovu ono cmother, 3s showm in Figure 3.4
then trmitim of tho typa 00, 3--1, ote., will hmm a larger Franck-Condon
foctor than transitions 05}&:9 typo O=2 93—6—6 The actual intmiw of any
onq bard is propaﬂiemsl o | | ‘ |

2 - - © (3.0
!hvibﬁvi d‘r:mkl . L - ( )

'u"xcm ¢' end ¢* o0 gho vim"m&im:a! mwﬂmtim of tho cu:binﬁn:; states ond

. the imegmum iz ovor tho mnm SOOI

zm.' Cach eod ﬁniwf e!cctm&c

state coantolins its «&m m sot of ».w ral vimﬁma mvamum

-~

L
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In a symtnc triatozic mlemle ‘such 8s Scﬂz, the only asymzetric v1bration .

is v3, the zmusymatrical stretching fr@quancy Therefore, for an electronxc
transnmn in SeOp mvolving \:3, in the limit that v3 © "3' then the cozplete L
set of wbrational wavaﬁmctidm in both coubimug .,tntes are idenncal and
trnnsitmns ‘between levels. u‘zase vibraticnal qu:mttm mzbers- differ, are for- :

' bidden by the orthogcmlity of tho waveﬁmcuons. Stall differences in v3 and

RY 3 recove the. orthogomlity znd tmxticns to higher mbromc levels my occur,

but will be ueak. R : : - : . ~
In-the prescat analysis ‘of tha Ds Jﬁtéa of seleniym. dioxide the intensity

ratio of the 0—0 band to the 30 band is aypmximtely 0.2, or the 30 band is

five tices stropger than tiw 00 b:md This is inconsi..tem with the “sbove

d;.scussxon conceming the expcctm‘t intemity of the 32 band. ‘i‘here are tyo ways |

in vhich the 30 band ‘can acqmm intensity. Sinco the cbove ar\gtmants are ba.,ed

zondc vibmtiw, thomforo tho inclmmn of “.

.on the aswz;:tmn of purqly haz
cubic wnd qu:irtic tores in tha.potwtial cnergy Teader the vibrations anharmmc .,
and the cbove arwmt., ém no loager tIuUl. \ . |

Can and his co-mrkm%’m have suggested the po..sibihty of the
existenco of o dcublo-maiu pommtial m the ami-.ay-ctrical vibranmal co- |
ordinate of an oxcited stato of caoa as ¢ possiblo auplmauan for'. the abnorzally
high intm..iw of tho 32 bmﬂ in ﬁza €20, spettm. Thore is olso strong 7_ N

ovidezco %x‘ tho em@me of a dmzbl@- pe i -the anti'btric :e-mrdi'ﬂaté,__

" of tho 2340 R eransiticn of 50 57,62465 g5 wold a3 tho 2451 R band systea of

i tho m micﬂ!m% Tho gmza@m m& mﬂiwtcs strong mridcnw gor 2 doudles

mnir::m potential in tho Qa c@-@m‘ﬁmtm of tha 3325 ﬁ ﬁyﬂtm ‘of Sc&,. i; _‘

-]

. Tho exporicentol @hsmwaﬁm of %%w 33 vim-mic bznd ﬁwsmstian imm ﬂ:m -
vibroticnleds iovel @ﬂ' the grownd stato to the O lovol of Qy in tho cxcited
stote) cppears to bo ot preseat tho caly @mﬂseiﬁm cxporioenidl evidence for
the presenco of o maa-mﬁam mmm in tho catisyczatric. steotehing

co-oxdinnte of 2 W&?&c bomt m&emhﬁ B

I
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appears as if them o3y be &zmisn goong seventemn, exghteen and
nineteen electm bem tric triatozﬁc oolecules through vhich- the :’:0

transition g:nns mtensity. ‘:«ﬁ.tlliken has—snggested that 2 double-ninirum.

potential ‘might oceur i€°an olectron occtszcs a-2by coleculor orbital, The S

antibonding effect of this ordital is e@octod to be smaller for an Lmsymetncal ‘

structure than for a fym.mc ona,
. It mll nov bo shom how, in tho pte.nem‘: snalysis, the assur.ption of a
double-ninimm potennal in tho excitcd stato nsymctric v:branonal co- ordinate

Q3, accounts for the fmn' as yot _mlnnahie .aequence h:mg!s nenuoned above,

R aY T

“as well as the chnormally high intensity of the 2v3 cronsition. «
- N & : .
3 "

2 - *

3:11; A Double-Minimm In the Excitod Stoto Asymmtric Stretching Co-ordinate
of 5902 a

As o result of tho sbnovmally ﬁam intensity 'of the 35 band, shich

. could not be oxplnincd in torms off o hoxoinic pcwmial in QS. it has becn
~ necessary to assuxz that thozro is a ﬁwhw-minin p-otentiai with respect to
the anti-syc=otric strotching co-eﬁimtw of tho excited 3tate. J. B. Cmm:"'5

" has constmcted a threo mmtm doudlo-Zmuimm

potential funection in a con-
~ .venient fom for gﬁﬂmk @plimﬁmm. and mbulated tho @mrgy levels. 'Ihe
cethods outlined by Coon have ! a@pﬁ@d in the pmssnt mmlyfi., to the Scoz

) :::oleculc

Thc dnuble-minﬁm m&m&iaﬂ ﬁmtﬁm tased i., of tho foyn

~ 0
-

Vth)«-wwm(-a%a) N S Gan

-

xhero Q is 2 mss-mightmﬁ co- . In o'x'derito apply

ﬁ

tho cothed cwtlincd by Coom 2 ﬁs ©3cassaTy 2o oxpoz ‘zany &mamim at

T

.lcast threo icvols io ‘&i‘z@

the proseat colenlation the frequency intezvels bﬂwm % @’ 3» 30 (9 } ond

w“»‘m ﬁm WE ing tk@ m«: vibratica. In .



_30 (1 ) banﬂs were u.»eﬁ. -
T‘he .wg vibronic banﬁ m also cbsorveﬁ and is a false ongm foy a
totally sy::.etnc progressxon mvolvm._-, “1- me 4\:3 nbromc band 15 mt B
observed; however, the highor ror3drs in the pxogxze.asxcn 3010 are. ohserved. L
The lawer £embers of both the 3010 azd 3010 progressmns are expected to be |

3 weak duc to a small chk—cmn factor In addxtmn t‘\ese bands 11e in the

sace regwn as nany of the in&emso DTS of the strongé‘lo,_lozo and 1029

3

~ progressions. he intense bands in thase pxogmssmas are probably m:nnly
responmb/le for the lwm' m’mx‘" of tho 3019 ﬁnd 3010 progressmns not being
obs{erved in t.he spectruD. Exumlazicn of tho higher mu.bers m the 3910
progression to the origin (30), ﬁm‘d’hﬁﬂ‘ allwed the 4\33 b:md pesztion to be

determned The entr::polawﬂ value fﬁ? tx.o 4\: 2 ) mterval is 3084 cn -1

lr.

with the 4\»3 vxbronic baml lying cppro ;mly at 09 + 3084 = 35039 cn

The actual calculatiem.' mﬂ o ful!mr Mcriptien of tho denble—mmmm para-

peters ‘are given in ppeadix II of the thesis. B:aly a brief me of the '

\result.s wil:l be gwcm hero.

3
. f

s

= me oo, 30, 39, 30 39 vibronie tands W«r in .the -»!?ﬂ‘“:‘u‘lm of the

:

5078016 t:olccule at swss o el 33933 cm , 33527 L. 34025.5 cm ! gnd

35039 e (estmtcd) -ctimly. 3 m interval \?3 o G(O-) - G(O ) 1-» 73 9

-1
o) whilo the 2vy = s(n 'y - G(O) immal 4o obs ewcd tobo 1572 @ . The

R e

D e

.3\’3 a G(17) - G(D ) is @bam@& as 2@?3 5 c—m me axtrm!ated value of L

av} = 3038 't ™ imewm 4\»3 2vy & 6(2 ) - 61 ) is coteuloted to bc
1712 el s o :
Cow cRoTLyY E@mka"ﬁm m @im for 1owols oﬁ pidite] dm.hic—ainw:n wen

have boeca mim@ﬂ Sozp = Ou 6, _ﬂ.ﬁ, 1.2 &nd J&.s gor m..a isoeopic macmlw ;

B vailues oud a-i bawiw hm m ﬂm m «@m@ 3.&. Tho m-lm“ ° d@‘tmﬁmﬂ

-

se”%3°, %’%ﬁa e 5°%2¢ m cze mmm in Todle 3.3. RO wmwﬁmv :



a5
the shape of the potcmtial ftmcti .- For 10:3 p value the outer ualls of
the potential Tia@ ©oT0 .atccply thmm tho walls of the borrier. | ~ For p”i—: 1.5

the ninina are paraboiic. thile for lorger valuss of ) tha walls of the barrier

rise more steeply than thea mntm‘ mlls of the pOteatxal. In the present

S

application to the excited swto of 5@2, p\ = 0 6 was fozmd to give the best ‘ /”‘"\

fit. The effect of tho parmmr o 2 tho .»the of. the double-minim

- potential is- shmm iﬁ Fimm‘e 3.5.

'me barrimr h@ight .,cparatm,_, tho two mnim is calculated to be

1986.5 o 'for p o 0.6 and tho (0—0 ) .,cpamticn is 79.2 cs:\ Cg:on61

-1 in the

i caleulated the (O ¢ 0"} m‘zml 0 bo 69 e ! in €20, and 103 ¢z
Poo2601 R absorbtica systca of. ho. ma mlcwio %, The &wblc-mni“ pot@ntial
i. .m the asymstﬂc vibmﬁc‘;aﬁ -do of ho. 10, excited .;tata of Scog is shown
N

mFigureSﬁforpm 6. N | |
The calmlatc:’i M @h“ewaﬂ cfm?m? lmml.a of t‘i}b-dmle-‘minim ﬁell.

along Qa ce.mmarﬂ go bo bnt i?@‘."f p-= 0. 6. ke caicaa!atod \zalue for the 3"3

e O LA i R e 4

S (1) lcvcl of 2%3.6 m is im cm:@nnt au,t with the ob.,ervcd value

i of 2071.5 ca™t. Tho ealculated valuo foz 4vy (2°) is poorer. Tho poorer

ngréé:ﬂné for the Avg lovel ooy mssibiy Em duo to an anharmonicity in ‘the

doublc-mim well. 'ma p@‘&cmiai used i*:y C@m rcﬁ?ncea to 2 hamnic K

' potengial fc‘cz large valw @ﬂ’ "3' ﬂ‘a@mﬁ‘m, the caicuamted lcvel will he m

cﬂw is @w‘:&mt. I is difﬁacnit to koo ot what valu‘.‘

orvor if cny onhorEoD

-

of vy in the mmc-ma mn& 2223 &mmcity bccu:m jcpoTtont. C‘
™o b,:rs'ic}r &:,.lu":m ﬂl 3 .d ehﬂ chepo ef. t‘im poamual .»tn'&'aca (p)

aro cosimod to bo duverdant ¢ w@mkc mﬁmﬁ%ﬁm.. m;mgm of tho, _—

bazpicr hoipht in oll €hoCS ﬁwwm for o © > 8. @ “w that @m agscc“:m i
cm.onc*‘m fer € 7%\%& mﬁ ﬂ w&@hﬁm 5% "@" "*@ ..:amm@ e ﬁf*@w;;m.
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Teble 3.3 _
Calculated Energy Levels of tho BouMe-r-a Pqtential Lell

for the Asymtnc Stretchim_, Co-errdxnate Q:,3 of the g, Encxted State - ,

of 5378015 5378018 m’zﬂ sea%w in for the Shape Porameter.
- o = 0.6, 0.9, 1.2.004 1,5
Seteniwm " N | ,_
Isotope 1_ : 0.6 ,-0,9- - . 1.2 | l%_ : Qbse?ved Bt
se’i¢  0©) 0.0 0.0 - 0.0 0.0 0.0
L 1) . .2 w05 T4 mas | s
2 %) . 1s72.3  1%72.2 18726 1572.6 Bt
3@ 2085.6 201,06 . 1962.2 k{is@s;e- | wns
4 (2°) sz 30RO ' scos.s 2093.88 | 3084.0°
50%%0}° 0 (") 00l 0.0 0.0 0.0 00 -
"1 (00) 78.4 . £0.89 82.8 . 78.23 77.9
2 1%) 13685  1368.2  1368.7 1368.7 | 1368.5
s 7y 20820  2046.9 19543 1697.9 2057.2
1 4 (2% 3168.5 sis7.5 28811 28077 | :020.0° |
. so”%;° 0 (@) \ -6.0 a0 00 0.0 | 0.0
1 _(b'-) 7988 95,06 0277 .56 |  78.5
217y 1500.52,  1509.55 - 1809.55 1318.74 | 1309.52
500 1073.5 108820  1601.06  1827.98 1938.27
{z) 005,45 06059 %&3.53 @Tn.Ss. 2505.0
dvg @ ) is cst;ﬁuecﬂ fmm @uw@?,mﬁn d %aw mwsﬂm. S

7 )
. ' =, _) ] .
] t - N R v
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Calculated. B Valuss and Bmiar Kolghts B\, (e )
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for the AsyToatric Smtching Co-cndipato Q of tho 3B» Excntc:l State

of Semﬂz N 83780%8 and Seaooz for' the Shape Pnrameter
p ”ﬂ 0.6' 0.9, 1-2 m 1.5 V
Seleniuo N " o
Teotaps 5 0.6 0.9 1.2 1.5
se’%05° . B 1,087°  1.3587 1.6305, 1.5093
Yo 1067.6  1402.3 125288  1099.68
B, 1926.57  2009.55 042,90 2099.72
L : i h. . ! :
Se°°o§"’ g 1.0663 - 1.35906 1.636 - 1.9142
vo . 1661.67 - 1498.38 1200.06  1095.53
| By, je35.1  2050.95  2043.38 v 2097.93
07810 B 108300 134075 | 1618 1.8875 .
vo . 1784.57 1416.95  1197:.73 1051.3 .
- By taro.1 - -1g99.77 | 1932.85  1004.3.
() . , N
&
i ;'\'A-
“u C

&
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along Qa there ore szall chunges aloag Q1 ami Q2 &8s well. Smll differences
in the barrier height are therefore expected since the norcal co-ordimtes
are slightly different for all three isotopeﬁ and may be involved to different
extents in each isotope i.n the mtion uhich ‘converts one isodynnmc structure
of selemum dmxide mto the other. |
The selenitm diomde molemie i3, tho first poletule in wlnch it has
been poss;.ble to e:q:erimntally cb_.ervo tmitions to the 30 (07) and 30 )
levels. It 15 felt that this obsmation is strong evxdence i’or the oxistence
of a double-mnim potential in tho Qj co-ordinate of Se0z. The 78 co 1_
interval between tho 12 - 1933 md 15 - 133y bands of the se7%01 nolecule is’
shoxm in Figure 3.7. ’ |
Both the 30 ond 30 vibroaic bands hove a no&iceably difforent band
profile fron an other bands in ¢the spoctwun. Tho transition to the lcvel A
vl originatiag on tho fm lgvels 00. 11, 12 md 13 in an eases rhw 3
very shorp lina-li‘tm hez:.ﬁ vhich is ¢tho wost pwmin@nt featm of the band.
The sub-band .,tnzctuw (K-..tmctm) is vory imgular an.d it is d:lffxcult
to unacbiguously assign the variow sub-bwds 1‘hi.a is in dircet mntrast to.
all of the other bonds-in tho spectm whore the quadmtic nature of tho .,u.b- :
bands is quite distinet, ond as as . fi sub-bands can bo caail!f

assigred. Tho rvotaticnal stx_:uctm of o llaﬁo vibmic bond is discus.aed in

defail in Cha@r Pour.

Tho 33 vﬂ;m-uc bopd i m o '@i@o'dﬂwmné in band profile to the
othor wibronic bmﬁs in_eh swcﬁm ‘EM b:mﬂ contadas fouor sub-bands and
wnlike all of the othor bmﬁs ia tho- wctmm mich ‘are stmwly rcﬁ acfrmdﬁd, |
tho 30 vi‘bw*u.c bond loehs o howﬁ.‘_ | *

The 3 and Bnkg ms a'?cc:tmﬂ 2o bs olcost co'-inéidmt. Duo to

2 im0 czci%ﬂ state v! pmgm.;sicn (sinth
| .

) \. /
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perber); the 3%1% band is mot liﬁely to beo observed and the observed héadiéss :
band is prohably the pure 50 band.

Yol '
Smce the 30 ‘band is expected to be a B-type band uhereas the 3010 :

\

band 1s A-type, then no Femi ToSoRance cgn ‘occur between the upper ievels of

those transitioms, and the hedless fcattn'e of the 30 band cannot be attributed

o

i resonance since both levels rust be of the same sycmetry for sugh a

'l‘he and profile could homver bo altered due to a Corichs -type por-
turbnnon mvolvmg the 30 ond tho 3010 levels. The .,olection rule for
Coriolis-type- perturbatmnﬂ betucen vibronic lovels has been given by Jahn?0 |
An interaction can cccur only if the diroct product for the irreduc:l.blc o
representations to witich tho twq\brntional wavefunctions belong transform,

or has a co::ponent that transforms liko a rotation. Since the direct product

a

r3) x 13313 = D2 x Ay = By I G 12)

!

then a Coriolis pertmbaticn c:m occur botwoon thcﬂe Immls as a result of
rotation about the c-axis of tha molocule, perpendicular to tho molecular

'pl:me. It is. dxffxcult to kmm to vhat oztent Cc»rich., pertm'bat:ons havo.

- altered the rotatioml atmture of <ho 30 vibronic band. It is dcubtful

that tho Corioli,, pcrtwbaticn alcto is mpo%iblo for the headless foatugo.
oftheband ‘ g Lo .
The a.,yt::otric .»tmtching vibmtitm of Se02 is m"in-plam vibratign

of By sycmotry and thoroforo odd qw.mta of this vzbration ape forbidden’ in

“the zeroth ozdor Bom-@ppm’:mimr az:pmztimticn 2nd should mt np‘pcar in the

spe,e;m:. Tho 30‘ (v3} and 39 {Bvs) bwsﬂs h@"mfcazr u;e::scar in the .apcctm and
are ma.,cm.bly streng bands, ) ‘
| "x‘hﬂ atasmtwic stmtcmm Q@-@“ﬁm@ of the cxt&tcﬂ 1B, olectronic

h
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state is believed to have a dmzble-minimm'pbtential well, 'thz:é barrier to' .
inversion being '»2000"@::'1 (o = {3-.6). . The v§. = ¥ _(0") ie%l is very close
to the bottda of the well (78- ca'13 axd thérefore vhen the Se0; molecule i_;. .-
in this vibronic level it win tmmal fren ono asymtnc structure to the
other mth only Jow probabihty. In fact, whan the colecule is in the 30
(0") vibronic fevel, it effectivély has an cqqilibntm asymmotric stmctm‘g
tuth one bomi length longcr than tho othor. 'ﬁm syuotry of the mhlecula is
therefore reduced fron czv to €. Under C_ symzotry both the A, and Ba '
, vzbrations becom A? tran_»ititms £ron the \ribrationleas level in the
ground state to the 0" and 0 levels’ of Q§ in tho e::citcd state are allowa;l
and expected to have ccmpambm intensity. 'i‘r..nsition.. to both the 0" and 0
levels of the excited state are e:q:@ri-.tally obaervcd with almst idcnn;al

mtensi.ty .

- The "o v:.bromc b:md is glso allowed tmder C ..y-try when in 8 Ingher

zrppronmticn it is midmd how nuclcar didplacmt.» affect the’ mtemr;tmn.,

botween cloctronic stotes. Horsberg and Tellor 17 !mve shown tﬁn\t when vxbromc ‘

coupling is irportont tho oloctronic nnd/vibratiouax mtim cannct bo consxdercd

indeperdent and tho vibmnic— transition m;mnt vhich now mt bo non-Tero pakes

. the forn

<¢'(r.Q)¢'(Q)lrlg"{r,QM“(Qb¢0 | o (3.13)

whero the pmﬂmt o(z, Qo (@ is. &h*ivih:wmic wﬁgvo ﬁmctmn .m:l\r and Q cro tho
electronic md nuslear cc-ordim%m w.apﬂﬂi%ly. T if} tm clccta-ic dxpoa'?
cporator. 7 J ' v _.
In ozder for the integrol of l:muaicn (o.la) ge bo poa-coro, tho
following dircet pm_..:zt st be wwuy. syToetric |
N i

T
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Since the ground state is totally syz=zstric end the exc‘i:ted‘.state ‘has been

shown to be electronically of B, symatry,c then (3.14) becomes

Bp x Bp x Tz x Ay % Ay = A T (3.15)

1 *

and Equation (3.15)-will be non-2070 if thom is o corponent of the d:.pole
operator T vhich transforms.as Al. Since ﬂie cnzpoaent of T alona the b-
axis passing through the seleniwm atnn is-of Ay sy-otry, then Equation (3,15)
is non-zero and the 30 transition i.. therofore vibronically allowed the
intensity is said to be "stolcn“ or "borrowed" from an allomd p + ‘Aix

| _ electronic transition mth the 30 band then having the polari..atmn of the jf

tran51t1on froo which the mten.;ity dmrive . Therdforo tho 30 b:md is exp;:cted

.. tobea perpendicular type-B band m C ymtry e.pproximtwn..
N

If the intensity derives fmm o change in gclection rules result‘in
: froo a reduction in symetry (C = ) rather thmugh a vibronic mccgmmsm
‘ then the 30 band is amcctcd to be on A-s hyﬁrid type b:md consx.stzm, o%‘ﬁ?

i superposition of a parallel ty'pe-A and perpawdicular type-B b:md The mten-

v

sity of.each band type will bo datemiued by tho ‘direc ion of the olectric
dipole with respect T tim a and b axes of the mlem‘w. “The mtitiml
structurc of ‘the 3} bond enul bo discusscd latcr in Chopter FouT. ‘

The 30 (1) tevol lies 2bovo the E:mier to inversicn and thereforg
éhen the molecule'is in the 30 vibmic lovel it czm clmaicmlly zove fmeay

froo one asymtric ,»tructum to the othm'. Tfhﬁ cquiflibriun structure is

syc=otric ond tho olcetrmic and vil’:mtimk wavo furctions. wt be elassificd -
undor C .,yc:ntry 'nao enly mchmw ?W micll tho 33 ham} ca:a t:m-: acquize

intensity is tho mbmaic €20, :mﬂ tho “cmﬂ is cxpcctod o -bo B-W Al

“A mtaticmal c...alysis of o 13 vibronie’ em hos shoxd ¢hig beed to o A«wﬂ
and thorofore tho oxeited ekccmuic state %?.o ?m of Bg eymoew.

’ B l .
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that can be said vith regards to tﬁe merimmally 'oBsei*ved 38 bsind is that
it is headless and in no way resczhles. tho band proﬁle of A—typ. bands
vhich have a hesd and are strongly red degroded. 1f the 1ntem1ty of the 50 .
\transition is borrowed f£rod anbthar allowed ‘electronic tr:msitmn, then ong
night expect to see an intensiﬁy altemtioﬁ betueen the even “and odd mz:be;rs
-of the. 3% progression. “nn is not appa:emt and 1., parhapb due to overlap
with cdjacent bands:. Y
The interval of 78 co ® which has' been assigred to the (0°—07) spljt- |
ting was also’ tried as an assignzent for the (0 -1 ) sph&ting, 1t being con-
: curr}ently assmd that t.he {0 -u:) ‘gplitting was. too S .amll to be rcsolved
expcn:entally The above as*"ur:gtxon results in an extre:zely hzgh barncr

(a consequence of the .;mn (0°-0") splitting). An extxccely high bmier

height mmld be incoansistent with the obscrved spectnm- sinco the perturbagion
is obvxous, ‘as canifested in ﬂm &ﬁomuy high intensity of the 3% and . 38
vibronic bands. For this rgoson ﬂm msimt ‘of the 78 cm} intorval to
the (0 ~1%) sphttinu was rojected. b )

The prgpence of o doublo minicum patcmial mth the mlatively loy
barrier height of 2000 <. ¥ in the asy—tric stmtchinv vibsntmua;, co-
ordmate of the oxcited smto of S@Qz sugposts. that the r:olecule is ncn-rigid
in the excited state and es .auc!a '"Mum bo ckasmfwd accordmg %0 & non-r;gxd

?ﬁ)mt greup. A brief discussicn ofc‘ ifi:de-: @pcmtiona, nm! the Schrodmgcr
super group with m.apcct mscﬂg is given mmm:. For on. emnmt zecount of |
non-zigid point gmm, ths vonder 35 mfmafl 20 amiclc., by Aam 5 and -
Longuat-’-ixggim mm t’z‘m Mic pﬂmﬁmm ore pmac'mcd ezl awlicﬂ to

2

sovezal con-rigid ooleenlcs .

&

3.12. Lm-tlxnid mncmnhw. P@im: mfs | ¢hiol Schrodinger SCPORRTSR

7

,mn-?igad mmmm aro theso for mm %%w £z0 Y0 ammma cqnﬁhbﬂ}m
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conflgm-aticms that cannot bo trensformed ono into another by a Schmdmc,ej;
group operation {reﬂecuon or rotatien) but have, nevertheless, identical
nergxes.' Such confzgtmation.a are called 1c ccnfigurntions, and the
operatmns that transforn one isodyncmic structure into another are cnﬂed
1sodynumc operations S. They arc not vyu.tzy operations, but rather
cotions (tramslations or rotations) of am atol oF group of atexs with Fespoct
to the rest of the molecule. Iscdc cporations’ 1mrolve the d1sp1accment
of material points, and are demad by a suparfcript i added to the comrentmn—
al sy:::ztry opcranon.,. ' _

l The symmatry groups of ncn—rigid mlecules po'sess, thcrefore, twb L
subgrt;ups one is that of all the sy-ttry operations of tho, Schrodinger

I(rotatmn.. and mﬂcctions) zmd the othor is the isodyn:m.c grcmp,

containmu all of the i.;odc epem&im b@longing to the moleculo

'mcm;ore for mn-rigid mlewlcﬂ the failim- “interpretation of
syz=otyy cperatmn.. ma&s c.sm‘x amd on emmaly nou systen of op.i*aticns ig
\ ncccssnry _Thoy azo conatmct@d fouc’:r'es: E, E® ard P are mvpactival;f/
the 1dcntity oporotion, tho im'mx-"im uf:‘ au particle pc-:-sitiom cnd o pcm o
tatien of tho po.;i.ticm and -‘*pim of i&mﬁcal m...lei P“ is tho product
{ E*P = PE®. Any of theso cpm-atim is zmible when it ean bo cchieved with-
;  out passing over n msmwnmblm cnorgy Isan'wr. Tho moleeular sym=otry
" group is thcn the set of' an foasible P (imcmﬁim E). ..nd all fcm_'wiblc pe.
'ﬁ‘zc two iam‘ymmc ﬂtm.cmms of Sc0s of importance in the prescn
cnalysis resule frem eho asysmotric vihm&&ami potica of the ‘eoloeulo in m‘*a
I, czeited stato, cd ove shown i rig'm .a.a. .
Tho two E.,cﬂym:::&c stmma in Figero 3.0 ooeur in t:’*c a«.“"Dz mlc"um ;

~as a result cf tha osyrmsterie vibmﬁ u%im mmw m&w in Eigm 3. 9.

- 1a goﬁ-w gron saa-m%m (a) 20 ) in M@m 3.0, wa So atem Toves
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acTOSS’ a potentxal wen mth -3 udere it crosses the x axis. The

S8

Al B

sphttm,_, of the levels in the dcublo potent:.al well depends on theg -

ragnitude of the pegﬁ:rbatum ootrix olezemt Ie;; H’@bdr vhere the perturbatjon
"~ tern H' is spall if the ‘depth of tho well is lr.srge. An alterzmte way of

viewing the perturbaticm is in terms of the hamer hmght separatmg the fuo

isodynamic structures. Tho lomer tho barrier. height the stronner the pertur

bation and consequently the greater will be the sphttinu of the levels in the

well. The isodynanic operatioa ("v) my be thoubht therefom as a tunnelling
through the ﬁotential ba;rief séparat.ing ths two coafigurations of Figure 3.8.

3.13. Quas:.lmear !.olecules ‘ _
. Quusxhnemty has been’ matca theewt:.cally by ‘l‘horson and Piakaggma s7

in an explamtion of tho infraved .,pcctrm of disilozane and in tnatomic

mlecules by Dz.m :md Johmﬁg Tho mthmtical greatuant of these cuthors

ic osculatcr tshich is per~

mvol%os ﬁm oluticm of the mil haree:

turbcd hy a-potential huzp. The offcct of tﬁs permbntien i., that, for the

lwer mbranonal lovels, the lecula w 3tablo in the bent conformtion

zhile in tha hxgher vibmtic‘** 11 lemls ﬂw mlemle is stable in tha linea:;
confomsticn. - Doth Johns and Diwsa msid@wd emly the vibmticmal mtio-:
mvolnm v2 i.n o quasalimnw olcctmic staw. Qmsiiincmrity a.» écscriqu -

above is thcn ‘only iqort:mz in unear 2o | Beat or bent. 20 iinear tran.unoz;s

, _invoivin,, icﬂ\, pragmﬂ'sim:as oE tho wapm' 3tato b@nﬂm{, fmquucy vz.

In the Wmt cr:.aly"is of tho S@z mlewle, the prcmincm £roquency
in thc y.ctm is thﬂ a::;:@c me vymﬁmu stretching fmq:zmcy w“mle v3
"ssph::r caly in cﬁ:bnmmc:a mﬁt%‘z v; and. V3. Em»mz', ¢ho m‘zemﬁe bcﬂcma ToTC

beat in tha c“dtod ,;mte gt cquﬁ.n%mlm, w:mh/a bmd mg‘m m’:‘ 2:; = 301° g3

c'f"rcr:».rm mm&xmﬁ mm:-» of ﬂ' 11::1 Vﬂm@ L

k)
]
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co;paxed to be valu. of 20 = 113 8° cbsewed in the ground stateS7. For’™

this reason quasilinearity was ot ccn..xdexed icportant in the present uork

' 3.14. Su:::.ary of Grof's Fcatm m Vibzaticanl Analyszs of B Sy:fte:n
The nissing piece %0 the puzzle in the presem zmalysis was’ thé
'ass;gn:am- of the 32033 8 cm ! pand to tha 35 transition. The obc- ed-
intensitios of’ both tha 00 and 30 haml oro abmxt ﬁhe sam, as is expected
since in C syu::.."ctry (eqmihbnu:: .ayqotry’of the. exc:e.ted smte m this
vibromc leve).) ‘both ﬂ?.e 0° and. 30 (0 D] ?..cavel., are of A' ..y-otry and thu,,
transrtlons fro:: the vnbratioaleso lmr’*l of tho grmmﬂ state arg elect ¥onxc-—
_;ally alloved to cach of those vibmmc 10?}-13 of the exc:.ted state. - Transi-

tions fron'gmmtﬂ state "1 levek to v3 lovols of the ‘excited state are shgwn

in Figure 310: Tn‘m vibraticzol ....a.ﬂ vibwaic rymatw of the levels is- algo |
shown. ' R ) v . L jj .
. Progmssioa_. in both the e:{r.itcd stoto sy-ltric amﬂ anti.;y;::etnc )
stretchmg £requencios ﬂmﬁoax in tho .apceem “Tho lmm.,t pzogress;on.. .
m\folve vl ond contain as Comy 40 thiﬁcw m::bez'*‘ A pronre.,.,ion of four
‘. cechers ving "3 a., chs awcd. ™o mneus inten ;'ttf of jhe higher _
‘ ;9({:?:‘0 "3 progressicn rosults m tho p:cc.:cme of o double-mnimm o

//potcntial uall alc*zg QB‘ ™o cz:ciecd swﬁo bmﬂim frcyu:mcy v2 appcarf in

the .»poctnz::: caly in cecdination with V! z:::.'i vg. “fhoro vos eonsidered, howe

cver, an altermote assig==ne o tho eno pmmtcﬂ in eho g:rc.,mt unaly..r

which involves %o "“im ef o v., mmgmssim contoining sin r:c:hcr...

JBoth assigrments will Bo dlluma.aﬂﬂ briefly. B o -

=1 )
In tho poescad ...,_..‘.lﬁj’"‘ﬁa "3 o §50 c::: t_.ﬁ \?0 s 260 o wvailo ..

Vi ﬂ " - . rin
V) = 925 < b, Thovoforo, €3 €0 tasis of & cBoczyed 2u@ e smtorval

botucon suseessivo bends, 3¢ 45 vory GifEicule %o @ﬁﬂmueﬁ“& botwocn B8 m’.,‘ |
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* intoroctica botwesn Q5 ond Qs was mﬁﬂdﬂf‘é&d mvpm%ﬁe fmr redusing o

~ 6t .

LY

)

progres‘.ucn ami a group of Sequence b_nﬂs of the type 1 = n(923-660) = n260.

In the spectrlm of the 5078016 i.,o&ope, exght mbr\émxc bands are

d‘*.'

observed with the energics shom belew: The tuo possible a.,sxt.» con- —

sidered are also sheim.

Position A . Assigmzsnt 1 Assigecent 2
-1 - £
33594.5 co ‘1 220 . - . 283)
_ 1. 267 o ; S.1-
33327.6 cn 4 % 2333
., -1 Sldem 2,1 ' byl
” i WS @ o0 b3
32801.3 0 - 3 3¢i3 233,
- 2621 e s 5y
32539.2 e T+ H 2533
1 262.1 en vy
32277.1 e@ = 3 - 321 - 235 :
-, wsazems v o
32033.9 co 4 % 35
31955. 0 e 05 00
g

‘ Assign:ent o abovo has tho foilowing _,ericus dsziculty. 'i‘he highcr

‘wechers in the vz progression Awu a ma.ammbly constant intewal of spproz:-

icately 262 et !{:mover the intorval batwesn the 28 @ the 00 band is ot

262 cn ! bue rathar 322 en 1. To c.cccumt for this ahzz-muy l’ugh mtowax it

could be postulawd thot parh@., the r.:hmro progressicn in vz was in fact a pro-
grossion in co..bmatim with ons Guanta of v3, i.0., ZﬁSQ, ne 0,1 .---.6 How-
ever, the mtcmml batucm thv erigin h:mﬂ cnd 2ho 2030 band i., not

-1

262 o 78 = 360 co”) but caly $22 @', o b@rxiﬂr hoight o ﬁnver«aou sleng

f
~Q3 botweca eho m asy-ntric stmcmm 11 w"‘c*tc:é} Eo %so a. ﬁmtim o‘f tho

bon:l caglo 2o, zm:l cmcqwmaﬁy ﬁ"‘a (0-—@ "y a@lﬁﬁﬁﬁﬂ‘, s a ﬁmtﬁm of ﬁhc

-3
bo\‘d anglo., Tho hypaw osis was then r::ﬂs ghat in ffczt tho iﬂtmﬂ of .:22 m

\ -1,
ccyld bo cosceinted with eho cocinsticn bend 23 ° o 262 w s 822, o

.
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(0-—0 ) sphttmg in Q fren 78 e -1 to &0 cm'l I£ in foet this __hypothesis\

is correct, then a very sericus problen mults. tay does the (OLO');intgzrvle
remcin constant when additional qmnta of vz are ?icitéd? Since excitaﬁoa of
success:we quanta of V3 inereases the anr;ul :s: éhplnce:zent of the oxygen atexms,
it seels tmreasénable to ‘assuxz that Q3 shsuld be sensxtiw to- the first
quamtu:n of vz excited yst alnost cc::;oletely insensitive to oxéitation of
ad.ditional quanta of vz. ‘For this ma.agn Assignment Two was discarded.

Assignzent Gnc rezoves the abovo pmblcm. The band located at 33327.6
! is ass1gn°d to the 30 transitiom. This assigncent is also strongly
suggested by the foet that the‘ro is a smng v progression which cxtrapolqtes
to this band as o false origin. i,e., 3019 pmgm.»sicn, It is othemlso -in-
possible to s .,atxsfactorxly a....»xgn a £also origin for this ‘progression. ‘i‘hc
vibronic band located ot 33594.5 is thea ea;.ily assigned as 3020.

The fom- bands to the rcd of tho 32 bsml locatcd at 33066.2 cn I,J

32801.3 co” 32539 2 o ond 32277. 1ea? aro n.asigned to the four sequence |
bands 3011. 33 12, 3013 and 301@ mspcctivaly Thi seens o rcascnuble assign-
rent since vy. iv by far 2ho ST aerive Ercquency in bnth the hot ..nd tho eold
. spectrun. Im ..d,dition tho Threo SCQUERES tards i, 32 and 13 oppear S u“?ﬁuiy
in the spectit, m lq bond ©ay awm voakly but iies im o zegion ‘that is
‘ both weak and atmly cverlapped tho Sop "p@ceﬂm. - '
Thc 30 tronsition i° not obsmcd but is thwght to cecur orcund .55039
™! froa eatrapolation of ehe 1335 pmgxcssim %o its origm. It was oot
po_ssiblo to ¢dscrve the 30, LSO or higher “ndm-“ in the vg gamgrc.-snm. This .
is pmbabhyr.a resule of thoe imme cozbors ©f ﬁ‘ﬂ 13, 1920 erd xozo PprOCEes-
sica which €oll in tho se=d TOZieD a3 thoro tho .»9 ond 3 bands are omf vcacﬂ %o_ -
sozimatoly 28800

k The 1Dy « ,‘A&fi ekm’a}mﬁc-mﬁ% 703%@.‘?33




P : =
cu'l to 45000 ¢n , the origln frfr the tmmition occurring at 3 955 el
The bands in the regicn of the arigin band are wezk :md badly overlapped
Vibronic bands appecring in the region 28500 cn_‘l,to 33800 em -1 are sharp
and red degraded. The sub-bands (K-structurs) ore éharpjm distince.
Bands to the blus of S5500 co”! bocoms progressively more diffuse
with the dlstx.nct rotaticnal fino stmctum BOY becoming srzeared am:d the
individual sub-bands no lcmger diatingtdshable. It {?ears as if the 182
excited state of S¢0; is being prcdis.aociated in the region to the 'blue of
36000 co L by another electronic .,tate. It is also pos ssiblo that the 1B,

electronic staté is itself beco:\ing dissociative to the blue of &6000 en -1

%,

thus accountmg for the diffu..e bands in this regioa.

_The cost strikinu featum.a of tho hot .;pectrum (to the zed of the

origin band) are the sots of pajfed scquonco band.a 11. 1130. 12, 1230. and

13, 1 30 -The mten..ity of mechers in tho samo sot are chbout equal. Tvwo

-1

quanta of the ground state bending vibratica vy = 372 e * are also obserqu

in the hot spoctr and originate on tho 00, 11,.12 and lg vibromc le\,‘éls,
' Region.: of the hot band spoetr aro woﬁ and bzdly cverliapped due to the

- co-incidal overlap of theso bamds tﬂiﬁh pobors of excited stoto vy progrosgion

: originating on tho 1° lo-wd l° vibmmic lwois. ' | . .

3.15. Fluctuaticns im Bxciged Stato v{ ngmssigqs'

Tho /c:mﬂ prozinent fmmw in tho spc'tm:i is tho cxcited state

totally _,yt:ztnc strotching fmm::cy vy @ GED < mww cost- strongly

-3
in the threo p'mgrc siens 10, 3029 ...._ﬁ 302" ‘Eho v3 intomi of 6“0 eq ©

ppears to yandenly gluctrato ..w € -1 i‘.n pil m“azcc é\ycssim

2t

Sinco v) = 650.&57Y, vh o 250 " o2d V] ° 028w, thovolord

vy © vy @ vy and tho oth e=dor of €ho 3%‘5'-2@390353&:3 ecn Lo in Fomi ZCSOTAREC

s i
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“with the (m + 1)th oscher of tho 1? 2ﬂ progression. Simi1ar1y the nth pecher
of the 1020 progression can interact stromgly with the {n + 1)th necber of
the 15 20 progression. Also the mth recbor of the 15 progression.is expectgé'-
to fall very close to the (o # 2)th nz:ber of the 122u progr9551on o
¢ Many of the bands ip thg 10, 122§‘ama 17 20 progressions appear ‘to pe

doubli-headed. The two heaﬂs howover baiong to sepprate vibronic bands re;
sulting fron the coincidental overlap of’zz:bors in other progre551ons as g
result of the fact that vl + Vz o VY. '

P The rotat1ona1 fino atructuro (K-struzture) of all the resolvable
‘bands in the 10, 1 amd 1 20 progressions vas also :aasurcd'and the head =
to origin distance co:pared Thia separatio1 was fbund to randonly fluctuate.

Since it is the frequenczes of the hcads of the bands which wore used in the

T vzbratxonal analysis thon tho amnlx chongos (2-3 co !y in the heed to orzgln
separation maght well also be partly respoasiblo for the scall fluctuation in

the v) interﬁal observed-in~thcse progrossions.

« & ' o &
-

3.16. An An ¢QIGUJIY Large Frcqusncy Diffbronce , .
o The two vibronic bands located at 35010 3 co ! oad 34306 5 cn -1 have
a separnt1on of 703 9 em anﬁ haove beon nssignzﬂ to tho l and 1 transltgons._
The cbserch intorval is considorcbly lowpgor than tho expoctcd intorval of
660 co”l. The assignzont 19 bascd on tho fbst thut tha carlicor meohers in
the.l? progression ara olso cbaorvcd but with tho corzeet intcrval of 660
et _Sinco the strowncse pocbors in thc 39 pzogressica are the Sth ond 6%h,
the tro correapc:éz CﬁLBﬂCO bc:ﬂs 3“ end ls ore oxpcctcﬂ zo apposr'c:ﬂ gost
prebably bo tho Jarc"ﬂcat pockozs in ¢ho Ea ywmgrcssion Tho scparaticn bq-
trcea theso Two banﬂs is ak“ﬂzzalﬁy kczgo in oli theco isol c;ic colecules

studicd and twﬂ?ufors cuu:s” h@ atesﬂt*ﬁcﬁ to o pﬁgemzuneicﬁ @f 2ho Forcm
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resonance type. .

Since the inteasity of both bandg is co:paxable to that of the intense
pechbers in the 10 progression,.it is_unlikely that they could originate frpn
higher ground étate lovels than iﬁitherpresont cssignnznt. — _

" An alternate aosign:ent for tho 15 band is 3 o 0, however, this bang
would then be cxpected to bo a B-type band. The observed band is unfortunately
identical in structume to the lolband thich rotaticaal band contour analysis
has conclusively shown to be A-type. An altornate éssignéent.for~these bapds o

1)

consistent with their observed intengity is mot cbvious.

) R

%p-k\ X ' 7‘ ﬁf

A

cl‘)
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4.1. Mocents of Inextia

The .cozeats of imortia of a rigid coloculc cbeut cath of the three -

"
Bl

axes passing through thie ccoter of cass arc doficed by i
AR S
-5 i i .. .
-.‘; 2 - 2 ) : - . . . ! o,

vhere (xi, Yi» % ) are the M*'dix:ams of tho ith o2oo with Coss ;-

{ If we define ?Izo*i‘:m:’.t.»t., of ircreia by tho cguoticns

\ =

L, = I oy N G

~with T = 1 ote., then tho cguagicn 3 ', -
Yo %y SEEE | o

2 2 22 . - -2 ﬂ\_ | -3 |
IKK. > I}’Y * 1.2 - ZEWW EKWW - 21,28 ==_. 1 ¢ ::)

-
,

roprescats a quedratic surfoco, called tho comnmtal ellipsold. Tre enipsgig P
itsolf has threo oxes, 0, D &d €, called tho prinsipal azcs of the mpmcatal
cllipsoid. Im torms of €oSe émca tho cilipcold 3s given Sy F

{2 ort2e1clal ‘ - a.a
1o nbEoletel S (3.9

in rhich tho p*cxl‘mt.; cfg incredo Bovo vendeded. T e g‘:&mﬁmz ancs

are choscn such ehat the Tmwots of iroztlo cdcut hom bovo tho oxeoz of

. : . ,
r:n\gnitnﬁ.o Ec > Eb > Ea'



a7
The cozents of incztia in tho prim:ipﬁ m:es systed ;in ts:hid:l the
p:_-oducis of irertia arc zero are ,obtainéd by soiém the doterninental
1_-2 | = SR
ay, t oy | =0 | . @)
Tee Ty 1.2

Ve, therefore, wish to fiwd tho tronsforoation catrix § nilatingJ the
arbitrary axes (x, yz) nx:d tha principal azes {a, bc) The tmnsfor:ation
‘patrix § can thea be med to dia r-er.alid.o eho mtriz X, formed frcm th~ co-

efficients in Equation (4. 5) by coans of ﬂao imilarity tmnsfomano-x —
s7lxs = A, The diagonal merix A will havo tho fora “

,Ia_

Iy o , SR X

Ic ’ .
and contains as Es elenonts thc! roguired co-cfficionts in E_iqu.atioﬁ (4.9.
o Molecules are calssificd cecording to tho rolativa cagnitede of their R

principal coo=znts of imrﬁa in tho Sollcouing t:ny':-

. . ] . 7 L. o
Co = - OO Z ' . hd
; 1) I =1 =1 - "p_éﬁcal‘w ﬂ .
i) 1. =0 Iy= I, " = lincar (sy==oeric top) .

iii) - I, < I, = I, . prolato syz=etwic P

=1 ' i - i ] V ‘ ‘EO"D
iv) 1 a zb > Ic c‘bk.mo syc=otrice Tof | N
v) I <Ry<l; - coyootric ep S A

" ScOz. shom in Figmo $.3, ..s a beat %aﬁmﬁc,miw—.ﬂo wigh aM.
threo ce~ents of inowtia diffowen a, oo ©o ozl '3."‘ Cﬁ&SSif.LCJ oS on 29yTR xic
top colcculo. 7 )

 qhero §s, hovower, o porticulor vOITD of tho gl I3 @ Zog. givea by -
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Equation 4.7 for vhich I_ = I, = 2 1_, in vhich easo tho mlemlé is zn

accidental eblate syn:stric top cnd o5 such will display all of the phy.ucql

features of a true syczatric top mlcmlem

tan ag Q}Cwsfzm SRR I C 2 I

. A valu2 of 205 = 84.8° isr-tho'a:zglc for vhich tho §002 rolecnle is

an accidental oblato syt=etric top. Frou receat microwave studies of Se03

> - bl
by Takeo et. ,a1.57

, tho ground state bomd anglo was determimed to be
2a = 113°50°.

The degree of asytmotry of an asyr—otyic top molecule is cg).'::only

determined by a dicensionless parcmotor & (&ipg:a) given 'by‘3 : .

<o BRigt . dsssa ew
. . ' a '

uhmh m tho prolato nmi?. (D a C) hos tho nmiting valm -l vhile in the a
| oblata syr—wotry top limit (A a B), % e °1. In tho gwd stote of Sc0, '

-v: = -0 81, thich is sufficicntly clo..e to -1, that Scﬁz uight bo axgrctcd

to behave as a neay pro!ato ﬂyt::aex’ic top. Fren the pment rotational

zmalysi., of tho B systca of s::oa tho oxcited state bond a..gio has bc~1 found

to havo tho valuz i = 101° Tho mlcwle iS, m&‘m. ﬂ !5?-'&'0 3or

'asyx::atnc tep (o= -0 536) in tho oxcited .ema?.a, thm in tho ground clcctmmc

state.

H

1

S
¥
5
5y
i
i3
i
v

[} - w

4.2, Rozatw-ml Streetemo of ?amnox a:ﬂ Porpecdicunlor mccemc Tr._n.,atnc-"
Tho mmm‘sm caoogy lovels of o mﬁa&o sy- rie 2wy axe gfwcn b;
(J,K) o D J(J@k) o {AV-D v}{if— o . (2.9}

whezo J is e::o ts“nﬁ comaler mm e ol E& oo cc:";mca" ef‘ tho uomk w—m.a"
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romentun cbout the top axis. A, = h%/2[  cxd By = h?/21, are the Totational
constants of the vth vibraticaal lovel ia ca B ‘ T |
‘The selection rules govemim, tho allowed rotational tran51t10ns
acco:pannn, a2 vibronic tmsition aro dotermined by thoe polanzanon of the -

-electronxc transnmn. If tha chongo of.’ tho dipole cozent of the electronic

transition is parallel to the top axi., (parollel band), we have the foumwing

‘selectica m1e582 for the quantud mhors 4 ond K,

F

K AK = O, QJno,ﬂ ifityiﬁ

- (4.10)
AE(=0 Mﬂtl ifKuﬂ

and if tho tran.,itxon is porpmﬂicumr to tho top axis (perpendicular bax:d)’

ue have

8K = %1, Mab,ﬂ‘ ‘ o o m;n

'E‘hc 2cp axis in Sc02 is tho a-axis in PFiguro 4.1. Tho syr—otry in

~ the C,, point group cn:d clmsiﬁicaticn of the pessible oloctronic traxuitmns ,

as to parallol or WW i.s givca in ‘Z’able 4. l. The co-ordinste systea

- used for the polarimtiom givon is thot s&mm in Fzgurc .1, S
Teblo 4.1
Sy::etry Classificaticn of moct 'i‘é:ansitions in :.5::02
' A:condinu to the cg‘, Pcim €roup _ R .
{ l—' .
Syc—otzy o:’:’ E,..itoﬁ : ; : 5 ncsigmtign :
' Stato - ' . .
N " .porpendicular

Az . - .
By perpondiculas
Bo | (- S | parollel
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For :m osyc—atric top the quanti mmbor K is not strictly defined
but for a mlewle such as SeBp t:hich is ma'rly a pmlate syr::emc top, %a
pay expect the selection rules AKP =0 gnd AKP = 2] to cpply to parallel and
perpendicular transnlo:n.. rcspectively.\ f.{p thea gives t.he co=ponent of tha '*
total angular m-wntu: alcmb ﬂ:c “pacz:ﬂa" wiqus axis of the near prolate °

sy::etnc ‘top. For para.llel bamd.» iv follcws fro:x Equatmn (4.9) that

v s v ¢ BUIT(ID) - By (Inel) ¢ [(A'-B') - (a"-a"a]tcz (4.12)

o ' B

while for perpendicular trmSinons
vav, e BvJ'(Il'on) - Grgn(imel} 2 -w-ﬁ-)m * [(A'-ﬁ') - (A'-;E")]_xz (4.13)_ :
where the pnt:es and double prices mfar to tho excitcd and g-rmmd state ras-

o~

pectwcly, Kp js the ground stato valm,‘cml B o -{M)

“The fon:.ula.. for'a parpc:zﬁicular ercositicn given by Equation (5.13) |

is to be uscd with- the (o) sign in tho linoer ac:ai: for an ¥ bronch (Mi a #l)

dmth{()signi’orapbrcn.h(mzpud) *ﬂav"r,boththerandp

br:mch together ay bo rcpmcnwd by a siegle cquation of the forn 53 IR T

wa v e u'J'(Jvol)-wJ"(Jﬂono—-{(w ~f1y-(an- ﬁ")]

cl

o[(ﬂ'-ﬁ']*(ﬁ“-ﬁ")]k*[(ﬁ'-U' A"'—B“)lkz (2.13) ~

sherc k is a convcaicat indox vm with tho valeo k = Kp * — fox' s:hc T br.,mch
’(AKP < +1) an-d k= ,apo -\f;‘cr tho p t;mm (&K e -l) ;7 ”

e czy spock of i!-.avzmtm e J-gereetire whea aiscwsmo the
rotaticf;al fino ..tmmo e.: vibmic bw«m Ie i ccnvenicnt to think of

K und J struetumo in gorss of 5::2}-&“..._.. A gzd>-band in tho id ...angtuze

~ corresponds to 20 sof* cf poenticnal CEIs Micm oz a .:i'm Kp and :‘;Exp

. but diﬁ.cr:in" valees of J° a::.J nJd in ”F’Mtﬂm {4.32), (. Ea) (ﬂ 14).

Eoch sud-dand (ca::st;me_[xpx do e ! ~J <2 mmn aP?, Q cnd Q brased



corrospondiﬁg 0. J-= :-i 0, 41, ) mpectimiy. Tk total‘xotaiion!al fine
structure.of a nbmc bmd th- ﬁm fm of all the ...ub-bands of dlffez- -
ing Kp. Usually the dl.»tmce betu‘m linas is znch smller in the J-structu:re
than in the K-—structurc and we my themfore wvard the ..et of trnnsxnons
wvith J = 0, KP =0, 1, 2,...,n in E‘.naticm_. {a. R‘Z) -(4.13) ard (4.14) as - =
giving the pnsnmns of ..t.b-bazu origins in tim vxbromc band. o )
Froo Equatigns (4.12), (4. 15) ond (4.14), lovels thich differ only =
in the sign of Kp have the sar—2 c::armr uﬂﬂ are thercfore d.generate. In
passing froa a syt:etm‘.c to o asy=mtric top, the colecule o longer ;i.os;—
esses a unique axis (i.¢., on ani abeut: t:inch a ca:;wneat of . anz;ular ' J
cozentua is consenred) The K degonorocy ds rmved {K-type o.cubiing) and _
for each valus of J tmzre are ZJol dlffemt c:': TGy level.,. The quantuy

meber K is mo loager dafincd for ca mtric tsp The 2Je1 ccqmncnté .

for each value of J are for cn::vc::.icn.o desigmtod by a sub.,cx'ipt T J.dcd

to J such thot t tokes ji:hc valuess

1 e A e AP s £ e e

Te -3y U, FoZpeeasdd L S

tnlike ..ym:.::tric to;: mleml@s, t‘:‘:ﬁ mrw 1mls of an asymtnc top :::clc-'

~cule cannot be represented by o sinalo qz.::xeitmtivo formﬂuc. For .o dl.aﬂ.’uﬂxm

82
of the cnergy levols pf usymtric tcga.», tm rocder is rcfcmd to Hsrzbcrg B,

'\

! 4.3. Rotational Sclcctim lecs *:Em .@.ay::::”:ric ?c;: Ii:okc*uﬁc.a

~

tohen- tho coloculo is a stngky mﬂmmc 20D, thO S olcctm:: fulo
8K = 0 sl is no zcnr-mr valid sineo X i = leages © ‘goed quants _mmbc*:. |
‘Rothor wo st ney <3Pty tho cf—wmﬂ saﬁcmﬁm wules fm' gk, ond & cﬁaw!c'r»ed
by Cress, Kainor o=l Ring” 9, K r_'::,l E ewo. "«:!...9 q”ﬂm rusdozo- for "omum
__choue tbe a ond e anes ﬂ.n tho- licieding mﬂ" vitd ;;m‘ca?.atﬂ e colate s*f—""aﬁa:
tops rospe ctivaay. Too ecrrolatics of o asymivie °op m"a@ﬁcmn '?mexs

= . . : . &
Coge
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with those of tho prola‘_te and 6?51:3% sycoatric top linits is shown in Figuge
4.2. For K_-and K_ we have the following selection rﬁiesgﬁo '

/ 8 ¢ B N < R

If the transition comemt is im tho o-axis -

‘AI( =-0,‘22, , Mé = _til, 23, ee. - : o _{;{.16)_.
;ﬁ_//; if the transition c:n::nt is ;m s b-oxis® " 5
K = 21 ta, e A;{é = .311;13, e [CAY
_and if the tmnsxtmn E:n:.e'nt is in ﬂ;e c-axis o
8K, = +1 33, ... ar: = 0, iZ, e (s

1

CAn 1ternate uay of rtatmu the.ao selecticm mles is in tems of the

' parity of the rotatmnal leveL. Gmly tho folloumg tramxtions =2y ot:cu:.*82
If the transxtmn m"ﬂnt is )e,,ﬁw a-axis

B

F s md Gm D -= - . ' ! ' ': (4.19)

-~ o - 7
a -

if the tromsitica cooent ds in tho b-axis

-0-; > - gm‘}a BT c _ ° s B _(4.20)

i - : |_

and if the transition m'“'fm: 153 l.ﬂ @'o ec-ama_

¢¢-o—¢¢--" 'm _‘--o-o-c-..‘.‘. . coT (4. 21')

in order to demgmte the vorious bm;.c.hca for tho totaticnal structure
of an asyt::"cetric top, we requi:ro et ..upomcnpt.. to be cdded to the usual P,
U R sycboks (uhxch give the aJ valma fon' the tran.aitnon) The fivst of

these- .:trperscnpt., im%icatca AR tha ercc:zﬂ the- M:( valua. 'l‘be B « X &r;m.,-
ition of Seﬂz is shm in tl‘:o p:{'osem wOT o b@ a pa:mncl trcm.unon mth

the tmn.,itio-a Ceoonat poﬁmri*’c:’l a“c:aﬁ ﬁm ‘g-pxis of the mlcwlo The cxcxtcd
clectro*xic .,mto nﬂ tho:goﬁ'@m Bo y:::ozw. In a ucco:*:danco ith the relccncn
rules givea M’ Equmzam (ﬂ.ﬁ@} ;:r.ﬁ {G 19) tho mﬁ:&c&in, branches Coy occur m__

-_anA-typomao;.,. Wmﬁcmuhﬁ:mS@2o B s

L A

o
o




R qtp APg, an ’-‘oerD L _ (4.32)‘-
with sinilar Q and P branches. .

?' The principal sub-branches of the aay::emc rOtOT ofe those for

which both AK and AK change ‘by .0 or %1, since they becoms the p, q and ¥
branches in both the prolate and oblate gyc—stric liniting casesgo. ‘
Branches’ whu:h correspomi to forbiddﬂn transitions in the }.xmtmg” prolate
and oblate symetnc to?s will Dot _be eonsidered in th:ts d1scussmn - The
" reader is referred to Cross, Haimer and Kinu“o for further discussion of
these £or‘b1dden ‘branches.. = ) )
In the E;eneml case of the n.;y;;:otnc rotor for ar‘trransition parallel
to the a-axis, 8K = 0,z 2, %4, gtc. ondad K = 21, 13, etc.' Hotnever. not gll

corbinations of AK and Ai{ ore possnblo bccamo the sud K ¢ E{ for cach oo~

bining level is e1ther equal to J CT. J«‘rl 'ﬁao pomttcd Y wes of A(K + K }
are given in Table 4.2. - R SR
Tnble*alz
. PerEutted Change in A(l( + K } @ tﬁi "o AK for As fy::etric Top tolecules
“for P, Q and R‘_bgnnche" of o Rototiozal Stmzcmre (after Cross,

E%ainom " and Km_, )

Parity of Imitiol . - 'Q q
: )l_.g:}n‘ml' : ' T )
. | R 0,1 )
“ . odd 0,-1

'i'he .aymtr oE thc mt...mm Rovoﬂ" s'“m in Finm@ 4.2 havo bcen_
deternined with rg_,gmz 20 mﬁa eho mmﬁmzl Sub-grorp (C,) aftez

| : o1
Dennisongs and thoe full :nlccmlaf o) s 326“3 (czu} after Hougen
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nce rotaticn of Se0 by 180° “ohout dny of the three princiP;I _a.m:;s
of the comental ellipsom leods to an mentation which has the sacg pro%ah-

ility as the original onentation then the rotauonal waveﬁmcnon can only

be muluphed by ¢1 or by -1 uhcm any of the opemtxons Cz, cg. G2 are carned

L=

out.

] Since Cg is always-the' pmduc_t of Cg and_. Cg,

des1gnate the four syr:::atry fpecie.» as b, *-, =%, :md --, where the first

it is sufficient to

gn refers to the behanum' wvith re..pect to c and the second wuith respéct

J‘i\ to cz. - . . 4 . \‘

Dennismr:88 ha.a sho':m that tho highe.,t level J ¢J for each set of 2

given J is ¢ vith Tes pect o cz, tha moxt ttm - the tuwo waxt m + and so

on. The lowest lovel J_ -J of oach sot is < with respect to (:zl the next tro

-

higher ones are -, ‘the mxt wb'o‘zmd 1) cm Figure 4.2 show the result for -

= 0 to J = 3 for Sc02.

~ The sy==at¥y of rotational wovo functions wi refpncé to the full
polecular point group $OTe dﬁternincﬂ usim_. the catheds cuthnﬁd by Hougengl
where mflect1on at a plam of y_itx'y is cquivalent to & ‘two-fold rotauon
about an oxis perpcndlculax', o _ﬂmt plano. fho results ave S ..wn..cd in

3

Table 4.3, S
?abnoas cor - .

Classification of Asyr=otric Rotationst Lovels Accordmﬂ g0 CZU Point -_Grdup

o | S@ | G e ) | symeey
. ‘s A B | o e | A
* - - | Y - - B2
- @ - - - "Dy
- ] - - | S . - ; - Az
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The rovibronic. eyr:stry of a particular ‘level is then eas:.ly detemmed ,
fron t@ syr::etry of the direct pmduct

i ‘ = .- f ‘. ’ ‘ ’ |
Fevip * r“:’s’m r"’a: Toroviermic “ (4.23)

The geheral‘ selection rule for zm electric dipole ‘tronsition between

two rovibronic states of species'r’and " is given bygo

r* x I = r.il."i x Tpe B " o _. (4.29)
Therefore, in order for a mvi.bm‘lic transition to be dlpole llowed
the sycoetry of the dlrect product of the co:;’blmng -sgates cust be the sace
as the syc=etry of a cocpoagnt af the di.rcct pmduct of a-translanon T and
the comspondmg mtation 3 abwt tho scoo ms. where i=x, Yy 2 deter~
‘ nines the polarimtmn of the tramsiticn. For colccules of CWW
(Seoz) the three direct products rTi; ® I"R1 o Az. , 'Eherefore, the general

rovibronic selection wuic of quticm (d 24) bw.o:::b

B' x T" = fAp . - ) (4.25)

" where I'* and TV are the rovibrenic try'ef the uppor and lower staié_ R

respectively. ' , ‘ _ ' - .

a.4. Nuclear Stotisticol Toights for Sc02 . i N
The nuclear statistienl weights for oach rotanoml 1ovel of Scﬂz

are ea..ily detemincd by w%iﬁerﬁmg tlho mml -Wave funcnon ‘!’TUT given by

- o - 8.26)
?m 1°vib¢mt$m.s. \ :

:'} cm'o 2:19 eﬁc*tmic, vibmtimal rotatio'zal

and meslear spin wavo fenetiens Wﬁw&y. Ceasider tho Schavicur of cach

where oy °vib’ %w = o,

' uave function with' mvpcc& o, Cb (ﬁm&om:mo o&' i1dzntical muzlod). Simc'

tho nuclear syia of 016 is 2080, n.ss mst bo «-;rmmric 223 thorofore trons-

. Ty
ST . .
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form as Ay. Since the nuclei have integral spin (zero in this case), they
obey Bose-Exnstexn statis tics and YooT nn;t be synzetric ulth respect to

Therefbre, it follc:ro that the rovibronic wave function

+
¥

the interchange.

*elwvib¢rot zust be of A ay:matry.

The. ground electronic state of Sc02 is knoun to be of Al symnetry

hile the upper state,in the B < x.electronlc trans1t10n has been shown to

be By syr=etry froc the presant work. Therefore, only the A levels of
SeQ, are populated in the ground state ond trpnsitans may occur to only the -

B levels of the, !By excited state.

4.5. Intensity oE Rotationnl Transitions ‘ | .

The intensxty of a rotational tranaition in absorption is ppopo:tionai Y“‘w

to the productsz | : &j : ' . _ . -jV

10 = Ay o F s Y /kT o e
- ' . . : .éf‘

_Hhere Cis n constnnt inﬂepondent of ¥ oad J but dcpendino on the vibratzonal

ion and which cay bo determinﬂd i£ the absolute intcnsity of the

87 and F(K,J) are refpcctxvcly the

tra.nsxt

absorption limes hao been measurcd

statistical weight anﬂ term vnluo of tho lc:er seato and AKJ is prcportlonal

2 2 :
s Ryf £ R ¢ auzzﬂd ‘over all ,

to the squarc of the tranuition resemt sz
= 0}

orientotions. of J82 For o pawallol gransition of a aynzatrxc top (&K

Dennisen38 hﬂa Jhaun that AKJ is.

# > . 2 i 2 . - .‘ S . . ) t;.... ,
for AJ = ¢l AEJ o -J:i K _ : -.(a.za) _

r: u - o (3.29)
for &J = 0: j'AEJ °'3€J°is |

2. : | N ;w‘ .- (4.50)

ek ’ | |

T for &= -1t AEJ "TEF'”T
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shown in Figure 4. 3. 'l‘he relative mtensi distribution mthm the P and

- R branches of a sub- ba.nd is es.,entially detrmned by the populatmn of the
" lower levels 1rrespect1va of K; the total # ative intemsity ‘of the P and R
- branch being determned by the nu:ber of r.olcules in a- level with a gzven
J value {sm:::xed over-all K values) 82 _ ' o o  "
The intensity of lires in the Q bmnch'is zero for K= 0 and increases
" rapidly with K > O, but decreases rapidly with i.ncreasing J. | -

The ratio“l 1T, = 3 3 for SeD. ‘merefore the 1nten51ty of‘ the Q

branch is expected to be larger \thafx the intonsity of the P and R branche..

it gk e e

Since t.he band" is strongly red dogradcd, the R branch should forn a head

and probably be the £ost preainent feature in tho spectrum. " The Q br:mch
* lines shquld also be pro:ninent in the spectno with the P branch possibly .
being too weak to observe ,abqvc tho background. - L g

4.6. Rotatmnal Analyais of 10 Vibrc"aic Eaaﬂ

The grcunﬂ state mta?.ior"ml ccmmnt., gor Sc0p have been deternined
by Takqo, Hn-ota and Pa".ox'inoS? £ron plevouavo studics. An ap-pmpnatc set of
rnta‘tlonal con.,tants was obtained foz* %tho _cncitcd state in the follm:mg way..
Th& origin of thc I(p sub-bzmﬁ (J = 0 in Eﬁuatiom (4.12), (4.13) oand (4.14?)

. ninus the ongm of tho Kp*‘fl sub-ﬁmnd 15 8‘1"03 by,

- ) : : .o

(a8 - u\"-w')mp - m onz} o -t -6 - U\"-B")W SERCE U

'mczoforo a plot of ?.ho gist d:lifcm'cnce in the ii STrEcture verses

K, should givo ajtraagm line wieh s1cz0 -ZE(A'-B') . (A" -i}. Tho, ground
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state constanté are known, thereforc it is possible to deternine the excited
 ctate difference A'-B'. Figure 4.4 s shous a plot of Av verses Kp for the lg
vibronic band of Se’°03°. The-slope is found to equal -0.71875 whxch gives
Ar-B' = 0.36339 et for the encited state. _

The sub-band hecds (Qn hecds) were also fitted by least squares to
Equations (4. 12) and (4.14) which are bath quedratic equatlons. Thef\alue
of A'-B' obtained frod the quedratic coe%%;hxenz is 0. 36046 cn ! vhich is in
good agreecent with the valua of A'-B“ 7,0 .36339 cn -1 obtalned fro: the
verses i(p plot. . " _ - | ” |

The 11near coofficient in Equatica (4 13) changeslwith the-Kp mboring
of the sub-bands vhile the qu*dratic coofficicnt is indcpondent of thc'Kp ,
numberlng The correct Kp BL,borinu for a porpcndicular bard gives A = ﬁtA'-E')
while for a parallel bard Ay = 0 . 0., Equation (4.13) reducc; to Equation
(4.12)). The calculated K mchoring Eb? a parallol ard perpcndxcular tran51-7
tion for the lg-band of Se’BOIG'TJ givcn in Todle 4.4. The fxrst fou sub-banda
corresponding to 1o K? valuss were qnittcd in the above jeast square fit since
for low (J,K) the moleculo is oaly poorly app:ozi:atcd as a near prolate '
syczetric top. Tho corresponﬂinU plot of &v aﬁainstlﬂp,.along wi;h tﬁh ;p
mmbering for assu:ﬁd paraliel axd parpcnﬁicular bards for the Sc “o§°.ana
5¢®% 16 colecules are given in App”:ﬂ&“ -11%.

#ro: the lodst squsxo srocoduzo cutlined chove. it'ﬁas possible T
deternine the KP nu:berxng fc" tho auh-bonds. It wds, howevor, Lot'possxblc
to distmgm..h bewecn a ?m“”’ci and W":ﬂicular eransition cince the !\p
nusherings detcrnln"d jn oSg) €200 ULTe VO similor. Hszcvcr, “bQ ruﬂocr of
sub-bards which appeay in'® o SPCETI bammc*n eho heod a:ﬂ the sud-bard

located at 33876.S03 c::f'n was elesoT ao sia raghor han onshz. For‘shas reasen

R

{
N
!

g




F 'Wﬂi 4.4 F\.o'q' c;;" @ easncy um SgpaRSTION (w)pc;smsr Lp FOR
THe \HBQOTIIC gand &7 5 ;% fron LE@SQ' ‘qun.e oy of Tug_
MFU-‘"T%T“EWC&?‘; ) mnmm?oma L .



Table 4.4

@

Kp Number1ng for Sub-Band Orlglns of 1 Vibronlc Band of Se730§5

Assunzng o Parallel Band N
, N
K; : v (Expericental) <D v (Calculated) cq'l De{iation‘{qn'l)‘
7 33876;903 - 33876,701 - .0.201
8 33870.817 33#71.022 0.205
9 33864.355 33864.638 ' 0.283
10 33857.765 $3857.550 0.2
11 33849.902 33849.757 -0.14.
12 33841,20 | 33841.259 -0.03
13 33831.884  33832.057 0.17
%‘ 14 33822,285 33822.150 -0.13
Lo . 33811.477 " 33611.539 0.06

-
Froa a similar le

<ub-band at 33876.808 e

ast ,quure analyfiJ agouning o perp
is agsignﬁd o the valud E% = 9.

endicular bard, the



a parallel transition is favored over';'.a. yerpendicular one.

In order to determine the polarization of the transition and con- -
sequently the syr—etzry of the excited electromc state, a rotatlonal analys;Ls
was carried out by the bzmd contom- pathod. The analysxs was perfornmed using
‘a computer Progran written by Piorre Inmpubhshed see (7)]. The progran )
calculates the frequency and intensity of 1nd1v1dua1 rotational lines in
asyretric top approximation. The line inte:;si_t:.es are then distributed
according to a Gaussian fuixct:iqn. The riuclear 'sta_tis‘t;call weights for
individual rotational lines are entered as input data in the prograa. T}}e :
contours caiculated for a particular vibmmc band are then cm‘r.parédzwith a -
mcrodensnomter tracing of the so=e band 1€ the contour and trace do not

. patch then the rotational co-:.,tams aro syste:nancally varied until both are
- the sarce. Contonrs for both parallel and-perpendicular. t_;-ansi_tions' were ol

calculated. The perpendicular contours in no way resexbled the expericental

e el ek g

profile of the band, whilo parullelweontom reseﬂled the e'xpcrit::ental trace

both in head position and intensity distribution. The calmlated and obsorved
- CONtours for a transition polarizoed parallel to the top axis are shown in

Figure 4.5 for=the lg vibronic band. Tho coxcitcd state rotational cop;t:mts -

i
§
i
4

=
Y3
w3
T
[
A
1
i1
i
e}
"
o4

o - . P -1
for Sc'mo-f,6 which give the centour in Figewo 4.5 ore: A = 0.60857 ¢o -,

- 0.29221 em -1 and C = 0.15721 e}, Tho moments of ineTtia for Se0 are

&Y

related to the bond loagth and bowd anglo - (sc0 Figure 4. b -‘~‘~°°°“"i“8 ro the.
following sicple mlatiom%
'1_ = prleosle AR | EERSEEE
. X . ) . ‘ N -

1 IY = Zmﬁ'zsinaa ' o ) ' (4.33)

i i il e T

) &

°I'wculd 1ike to thaak pr. Glom rwu Goz uriting aho pm ‘"°‘~’>-mm used
in ‘the present bund cc'ltwi’ r:n"u.. :

g
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‘constants Jcorrespondln‘, to this gec:atxy for thc :.satopm mlccules Se

-and Sesuois. The observed ami calmlatcd contour for 8980015 is shcr:m in ¢

- . ‘ ] __ I ‘ 86
Iz = I;t < Iy = b(uglu)rzsinzq . " " I (4.:’_;#).
where p = 2rM/(2n + M} o o _ R .7 w (4.35) @
- u[1 + (u/Z)cot?al : ’ °7, (4.36) )

-~

and M and n are the selemu:z zmd orygem casses respectively. An excited .
r.ate bond length of 1.74 R aud bond anglc 2a = 101. Puzm calculated froa )

the coments of 1nertla-:¢jetemned by he bmd contour cethod. The value of

A'-B' = 0.36186 cm'1 deternir e b:md contour, is in good agreément .

with the value 0. 36046 co -1 obtalned froq the average of the secgnd” chffer-'

ence in the K< structure usxng the Ieast square x:ethod dxscnsseé;earher

. Sy 4
The exczted state geo::—:try dctomined ‘.bove for Se"aole was then s
th,\ ‘

used with the aid of Equatlons (4. 32) to (4. 36) to cal,culate the mtatxgml»f‘ "
78018 _

Figure 4.6. The agree:ent bcvmcnn tho obs crved ami calculatcd contours for

the S'emo%a isotope was cuch pcorer. 'i?ze tahulatcd rotational cc'zstarts for - -

all thi-ee‘ isotopic molecules aro given -in Table. 4.5. L:- : !

-
w3

| -\ 'i‘ablc 4. S°

Rotational Constants of 5o’ 03", Sa“’n‘B opd. Sc«‘“’olﬁ r.oiccu!es T s

cOrrespondmg ‘to the 1p, Excited Stato €easotty with Sy-:::nmc vaf Lcn*’t,hs‘ '

: -ofl?dﬁmﬁﬁw&&nﬂchwmlo ST
s} se®op s¢®%3° |
- i -d - - N _,i . . L]
A | . o0.c0857 @} 0.60538 oY p.eo21s & 0
o ) . . l r o £ 5 ‘1 .
B |- o.20221 e~} 0.29127 0 0.29221%2 T
c - 0.19721 e = 0.1F 571 ca’ . 0.15574 c:;

== -4
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- m1t1a1 lines of the qQ branch A ﬁrf't order Ebart photograph of the lg

- his transition is 1abolled the 3} vibroage bm, at 320??4 .8

~4.7.” Prominent Feattrres of 13 Vibronkc Band’ Sk ’\

The 13 v:.brom.c band is A-type and thus. corresponds to a 132 +. 1A1 B

vibronic trans:.tipn with the electnc d:.pole polanzed parallel to the top

S
axis. Smce only totally syz:matnc nbrations are excxted in th1s transxtmn,

V ( the eiectromc t‘rans:.hon itself is thereforeafBz -+ ‘Al 'l'he 1 band 15 red

0
degraded formng two prfncipal heads sepc\\:ated by appronmately }' en. 1., Tie ,‘ .

nore intense of t.hese lies to the red formng the high frequency Ilmt of the
R 5ub branches (qR sub-branch in tha prolate syz:::.,trzc top hmt)
The weaker hee.d to the blie corresponds to the forbxdden (AK = +2)
syn::;etnc rotor sub-—branch srR Thi;z is the sane type of hem? fomuon
recently obse’rved by Brpnd a7d Shrikamasmmng in the 0 band of the .

| 132 - 1A1 electronlc transition of the sulfur dzomde - The most pmmnem

feature in sub-bands of high K is the qR brm!ch head amd to o less extent

, \
v1bron1c band of Semo 15 sho:m in Figan-e 4. 7. --. "
- B - - - . \
" 4.8. Rotational Structure of 1233 bemnic Ecmd e e '

’ The nbratiena.l anulysis led to 3tmn,, evidence for the pm_.cncc
of a douhle-ninimwn potemm well along Q5 in tha cxcited 15, elcctrqmc
state of .,clemum dxo:ude Thc tmmition fmm thﬂ vibratitmlcss lcmal of /
the grcund state to the 0° wal of % in thu e::cited stata//ﬁas t:ecn assignﬂd. ,/
. :

As disc cd em:liw im mmptw mme this h:md ‘ﬁ*s orpected . to be of

o, symm (cz‘, czmmcm;oa} or an m—m mmm band (€, cius.ufxcaum}

~

40,1
An entcn.aivn at@wp& was mda o mWe the l 2%p band by the band

. Sy R
contour rbthed. Unfommtaﬁy Et W mﬁ p@ssibzw o ﬁt ‘eﬁm ebsmcd congous

2 B ‘ﬁw dﬁfﬁwkxy in obw&nimg a gmﬁ ﬁa

xo calcumted A, B or AB hyhxid 80
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results fron the fact that if the band is an AB-hybfid fhen’ihe chserved

heads Hlthln the ‘band ulll be post often dpe to coinc1defffi«?¥er1ap of the

_superlmposed parallel Antype band and perpendlcular B-type. The proflle of

the 3 band (the 1 band was actually used in the analyszs since 1t.1s,free

: of.overlapping seqUence bgnds) is very dlstxnctly different from the observed N

“pure"-A-type bands. A flrst order Ebert photograph of the 1233 band gbta}ned |
at MtMaster Un1ver51ty and a 20th order Ebert photograph taken in Dr. D. Ci
loule s laboratory at Brock Un;versity in St. Catharines, Ontarlo, are shoun
in Fzgure 4 8.. it 1s unfortunate that it was not possible to anaiyse this

band in deta11 since the determinat1cn of ita band type would prov1de confir-

‘eation of the v1brational analysis given in the present work Certaxnly,

\

Figure 4.8 shows that the band typ@ rust be qnxte dxfferent fron the observed -

type A bands (see F%gure 4.7).
4 . ’

el
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CHAPTERFIVE

Ié

i ) -

ch&-comu cm.cummms s | SRR .

P -

5.1. Introductmn - ! L o

In the pnesent work ‘che Franck-(:ondon prmc:tple was used to detemme

co*pletely the structure of the 182 electromc state of . selemum dmx:de. 'I‘he

71

nethods outlmed by Coon et. al. were a.pphed aml the results are d1scussed

In order to perfom the above calculat:.on it was necessary to.have made a ' :

-
-

nermal co-ordmate analyses, or have at least on approxmate set of normal co-.

ordinates. for the excited state. Tho results of the noxtal co-ordmate
analyses are d1scussed along with 2 brief ciesmptmn of the methods used in.

, ~—

the normal co-ordmate analysis. The Frmck-ﬂoadoa calculations rcquzre only

_ Q an.d' Q2. Q;':, vas also cﬁlwlﬁted, altheugh. in practice the molemie haSa a

. double-ninicim potentml alcng Qa.” It was Recessary to a.,szmc a symetnc .

harzonic sodel €6t Q). Also tho velud vj = 686 c@ -1 was obtaincd bY takmu
one half of the .ojhéer\-red 2v) = 1372 lc;:a.l. |

. 5.2, Normal Co-ordinate Analyf'i., (Grcmd El@ctrox’:xc Sgate)

The normal co-orﬂimtes for selwi:m dicxide wem obtainﬂd mxng 2 ‘;
'- Urey-amleyn *73 goreo £i01d ond o ge:mml quadratic force ficld
approxination to the pot«mt:i.al ﬂmcti@n f@x the molecule. The qcmputcr :

r

progran for tho former was set up im a mthm! similar to that described, b}
w—axﬁimtm\obmmd by tho

Overend. and Schczer am.d tho £innl ! r"“vm 3

Wilson F-G mothed’>. A b ef &scﬁpﬁm 0@ the pmwm is cutlined b@!m:. D
In ﬂw Urcy-B ?6 ﬁ‘om‘cm ﬁ:‘iaw ue: 2okeo accmmt of W-su@tcmnﬂ

Vforco czmst:mt.. K znglo b@mﬁim fom wmmm H and repulsive farcc |

| constants F. H:wwm, t.ﬁ@ m-h@mﬁing inmmcﬁw banmm tﬁw oxn.;m m».nm

. o . < -
\m e
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njxs not"inde?endent of Ari zm(.}d AQamj ?Seﬁuently \is__'a re&xn;:l;mt o0 rdi;tate: IRETRE
énd cust therefore be rezoved. The reg‘:mdant co-ordinate arises dus to the

fact that we have four co-ogd:.nates 5:1, Arz, Ao anﬁ Aq (see F1g. S 1) but

. only: three v1brat10na1 degrees of. f:eedcm. In gmeral the mmber of ndopted a
co-ordmates should eqmu the mocber of nbratj.onal degrees of . freedoa

The non-bomimg dz.stance q (Fig. S. l) is gwen by the cosine l::w as

q? =r12+rz - Zryracos¢ P .
| ‘ P . ) o n.-77 - ) 74'=- . f
and the redundant condition is’. _ :

aq = sbrl + 'SAT, + t(r ad) < [:2(ar,)2 - tz(Arg)z - rz[r 282"

th(ﬁtl)(ﬁrz) . ztamrﬁ(r 20} Zts(ﬁl'z) = }bn/z% .62

L. ST

uhere [ and t are gwc:n by \ : : - \ : T

' ' ' o S {0
o r-(l - co;s¢ )/ay’ D RPN 15

€= (sind )fq0 f o ) : : o (s.a)
Subsntuuon of Eqmtim (5.,2) for aq nges the Urey—ﬂradlcy potcmml

energyforSeOzas\/ _ / ' | o --‘3'9-;.“

v alimoe s e ﬁnw )2+ «m o 520 zzx'-")(ar»)? -
2 1

.
wéw

& tzs - 02?'}(r a@)z + (azy - tzp’){&r;}(&rz} . (s.5)
ts( + F’)(&rg)(w 89) * wtr ?')(ﬁrzh (? %}

Thc valuﬁ of Fard F' axo c&npmme g usually asm.ﬁd %0 ka fciatcﬁ in' the

follwmn way. =L ’ o C
' Fr v 5.1 L
1 co-ordimates, is glvem By
v . ..__ L ' l B _‘/ -
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N a5
<
- L e0a PN 2 :
n =3 11( 1‘1) 3 22(61'2) + 5 fzs(r 8)2 w -
P ’ (5.7)
’ ’*Si R flz(Arl)(Arz) - f13(Ar1)(r Aq}) +523(A1‘2) (r b¢) :
which when" expressed in matrix notation is N ) .
-“. o 2 : . !
- : . . fll flz f13 " AI‘; - )
o 2[131‘1: ATy, T A¢] £21 €22 fa3 ar T, (5.8)
o e fsz £33 . .rOM T
. v 'I'he;indi\}idual élez::ent's fi) of the F patrix are linear fum:tmns of PR

the Urey Bradley force constants °k of Equation (5 5],
R Z o . b ' (5.9)

o jkk T A
the coeff1c1ents aJk being d&termned by the molecular geo“etrym. The trans-
fomatmn of " the pot._ential cnergy fro:l Urey-Bradley s_pace 2o irternal

co-ordinate space is effected by o transformation matrix Z.
. ' ey |

Y 5.3._ Constructlon of the Z h’:trix

tle are seekmg =3 transfo ‘..ation patrin Z of the fom -

Ny F=120
The elenents of the F matrix are ordered in the following way: - ™
]l -
E = €385 a7 - (5.11)
/’:;_ | - ’ fs .' . , "

)
tho L.atrix being, fymotric sbout the cadn diageml.
The iadivx&uai olozmonts of th@ 2 mtﬁzx are, thcw:’:‘orc, casny
b .
i obtaimd by cquating ccefficieats of Eqmﬁm (5.5) with those of Equatzcn o

_' (5.7). 'ﬁ:ﬂ 2 cotrix clensnts ‘oro g%’"’o in mblc 5 2? o | .

3 -



kz».ere n —y &) are a rou and ¢ egluzn vector respecuvely.‘

ras b et 80 S et rer g oA

v 95
' foble 5.1 e ;
« " oL Z htrix Elecents for Se0, : ’ _
. , | . .. JH 4,;.-..!_' I ‘ ) E
o (ary)? - 1.0°F o  o0.86325 -
(ardar) -0 T 0 0,98?12"j\ - .
(arx)2. ie § o 0.86325 | - |
- .- . -""-_\. P L4
AT o .0 0.68714 = . . -
| eweg o oo Jewne 0
> ()= aal 0 6 0.68714
| (r na) AN ‘(1.0' 0.72159 - - - &
= ( - &b .
5.4. G H:trlx for Sels s ) n
, .
In ters of z::a.u woighted mmxm co-oz'dinates, N3, uthe kinetic
- energy T, in catrix :mtatam;i.a givca by, T
g R L . N , (5.12)

‘The' kinetic energy ’

tbe:n tokes the smle fom of a s oE ...qz.m'e terms when e::yrassed in ms-

‘ )
ucxghted cartes:l.‘::l co-mdzmtcs.

>

BT

TR

The patenuaa easzgy | ig, L?wvwax, emrcsscau iw internal co-ordmatc.;-.

/

"?:e:x-r:fq.:f.:J the ©ISS -mng}mmﬂ mﬁcsa..n w-cmina‘ees aTo trzmsfamd ‘to .

mtcmnn m-ordnmtc’ zx. hy a mn_.fcmﬁm mtnuﬁ

$

= E}:}T.

/.

h..aevc*, .,u%:c &.m aze C:’:Lﬂj -6 m‘&mﬂ m—omhmtm Q,W

{5.13).

~s;eeightcd

cawq*m: cs—a'rdxmmcs, Dis o ﬁmm mwiz: with 306 W 2o m colm

Sicce D is o z:m-mm oatrlx, ﬁft wmt fm mmm % gi% ﬁm nm:: R

L".‘uich

M‘?
-- -.)U\..u& -

o

“

N
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Wilsogzs has showm, however, "ghat the kinetic 'gnérgy is given by
K} -y ’ Co , .
,2T=_£§G"l§, : T N . - T ‘ - ".(5-.'14)'_‘
. R i . .

o . . ’ R o

vhere _Dgt = G-is ‘a square matrix.of dironsion 3N=6 and thus possesses an

inverse. , : B : : '
x..\-v..a.‘_ ‘ \ ) . ) - .

: LI & . 5
The G natrix elements are determined from the molecular geometry and

are tabulated in Table 5.2. The G catrix is sycmetric about themain déggonal.

- : /7" Tahie 5.2

- ~

G Matrix Elements for SeOz in Inta:nal Co—ordmates | o

(after Sh1s:zanouchi )

' . s S .
‘ R P o : :
. oty (tFsPug, uSO gl e
. ¥ !

T 8 - 2ts

)n

-Ztsusc ' . 452u5e + 2u0

' 'Ihe normal co-or&matos Q are related to tho mterpal cc—ordinatcs R

by tho transfotmtzon mtrix L

| = t‘Q’ .. ‘ | | ;’I}’; . ?. ) o o i . . (5015)
& . 3
vhere L is choscn such that the kihatic and potentipl onorgy hnvo a diagonal

forn when oxpressed in temsrof_ tho nozzal cp-prdinates. o
W os QtL&FLQ 3 Q%Q o (5.16) 3
ZT Q LeG I&Q @ Q EQ A - coT o, A (5.17)

“ %
\f‘zcre ‘Ais a dxg,mal ummx whmea dmmaml elemcata will be kho quamity

A @ 4u2c?v2 ond E is tho mﬂz am -aum‘qﬁﬁmu S
L“FL o8 ood &?s oz s

F.23
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In the Wilson fomali.ér;-thé“ secular equation takes the form

e

.)\“\

} eF - EJ\I’-'-O I B (5.19) -
ﬂ,f . . & . " o

The GF matrix is dmgonalned by L "GPL = A of GFL = LA where A is the
dmgonal matnx consisting of t.he eigenvalues and L consx.sts of the corres-

ponding el genvectors .

5.5. Calculatmn of"- Urey-Bradley Force Constants from Observed Frequencms
| In the present zanalyse;; a trial set of Urey Bradl’ey for(ce constants .
{4} were assuzed " and the elemnts of the F matrix calculated according to

Equatmn (5. 10) The GF r:.atrix uas then fomad :md snbsequently dmgonalized
y:.eldmg a set of calculated eigenvalues A = 47:2 2\:2 which co‘u’lci then be *
cocpared mth the obsecrved eigenvalms A9 1 obtmned fron the experimtally

observed frequencies. A* Jntobian subroutine was used to obtain a gon'ected |

set of Urey-Bradley force constants "uch thaot the difference (7. - Ai) = 0.

)
The .elecents of thé'Jucobmn patrix J¢ aroe given by

- -

3 =, VI L - - O (5.20)

ik [} . N 4

The constx-uction of the Jaccbian is idonticnl with that euthned by

‘ Subrammam78 and will not bo dtzplicatcd here. | -

5.6. Normal Co-ordmate Amlysis (Gc*mml Qu..dmtic Fbrce Ficld)
The set, of frcqucnciea O&taixwd using a Umy-Bradley forco Eield
. were Tec asonably closo to tho echorimmany eb.;awcd i-'mqu:mcias. The
ass “ptiea of only ono typa ofr' stmachim foreo censtant (Urey-Bradley gorce
Ficld) is pmbably £ose - mmmible for the o a‘ll dismgrmmnt botween tx“w
- caleulated and obsorved v; ‘apd vs fr@qmmiw, \'ﬁm calculatw fmu@mies

for vy &nd \)3 woz0 %2 ca am 633 e -1 vhile ﬂm c’%mmsci @rcqmcios aze



Shmanouchl

- Uisa diagcnal migheang mm, az:m oa ef m:mh are mwzn b}'

a ._ . t - ! * hd . . :
. — : : ’ r/ : -
. . - -
o N - R o .99
e .. L - ) - . - . R ; -

-~

- 660 cm a.nd 686 c:n respectwely. In order to obtmn shghtly better‘

agree..ent for thes,e frequen_.xes a genaral qu‘.dratlc force field was assmed

rather than a Urey-Bradley force ﬁeld e

The exc1ted state normal c:owrdmates were, therefore, obtamed usmg

~a general quadrauc force fleld accordlng to the methods outlmed by ' -

e a
77. A bnef descnption of the r.:ethod is glven below. . .-

Accordmg to Shmanouch1 the reason it is often dlfﬁcult to,obtam

a convergent set of force com;tants is the Fact: that we are trymg to _ngst;

force constants for h1d1 ro mfomanon is gfven by t.he data on the fre-

quencies. The d1ver%ence also occuxs uhen the mn:.be;r of force consta.nts to

" be ad;usted is larger than the muzber of physxcal observables.

To avmd the. diven@mce pmble:m Slnmnouchz suggests that the ?force

constants to be dqgermnsd he secpazated into two ...ets, k “and fi’ the kA set |

bemg those force con..tunt.s for which tho frcquenmes give 1nfomntion and
‘ PR

which can be freely c.thxsted»\; Thc k-B set contains those fom constants - X

\uhlch cannot be estimteﬂ for w’x‘)ich tho fmquancies cmtain httle! mfomuon. :
In the present work the dmgonal fox‘ce cunstants were classifxcd in the k sct

while tho °off-—d1agonal force constanu mstitutcd the k set.

Sk

-

E-J
.« trial- sot of RA force cmtanm ¥®3s: thcn udjustcd frcm the normal
cquat;o*z”; ' u: L S . L. e
. . .,Vv e ~ . . . N - {? _‘ - . I-‘ .
Iy A = " T S R )

the' valuss o€ the clc*ﬂnt., ofc' k bmm‘, mm_to be zeso. JA.;:&E;' the Jacebian

L3

mtnz for the k sot am& is of tho f@m.

J - a(\jl";2’va),3( ﬁ) - . | : : "': ' ) B o! {ﬁ 22}

i
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k]

vhere A; = gnzczviz and AV® is the frequency-deviation yector -

o
-%

and W is the value calculated fm the trial set of force cqnstants k

when the final conver«"ed set of kA force constants is detemne“cij,

e calct_nla'ge t}xe_ PAB ma;rix defined by 5"_" ’ .
P " - B - B . -J . i - . ’ - - ) " ‘ B v - . . -. : | ’
M mgtky L TG

o . 4

where Aki is the corr"ectio'n which st be made to the .cgnv;erged‘ kA set when

l L

the’ k is vaned by Ak

_ In the present vork it was posszble to obtam the three exc:gted state

frequenmes with the inclusion @g .only disgonnl force constants; ‘the off-—

-diagonal force constants Bemg zero or \rery smali./ 'nus, therefore, suggests

t.hat in the excited state the mtion a.long one naxml co-ordinate is large’ly-, ‘
mdependent of the mnon along the other two nomal co-ordinnte.:. Since no

""Vcorrecnon to- the comrergent set of diml force ca;ustants uas required,

dxscuss:.on of the procedures involved wiil not be ngen. The mathods are,

' hmcver clearly outlined By Shimuuchi S : o 7' o BN

By

" For the ‘Franck-Condon calwlatiom (COO?!"‘ MethOd >, it is necessary ?
;&

':to have the nomal cn-ordimitas for only &ag,mlly smtnc vibmtmns "’1 2

and vz‘ Therefore it is cm@niem. to usa .,ymmetry co-ordmates s. given bY

(seeﬂsuresn i _' . o - T

~ & = (Aa-, » sz}/f Sy R XN

L merge o Gy e EE@
Tt _,-»satm-ma)/s'?z' > L e
'ﬂ*“ potcmmn emrgy in u-y c@-mmam th@n bemmv |

Ve -{fuof, )9 ° mfggs 3 -a-{fn-fm)ﬂ * J‘ fngs&szjf S ‘(5.23_1 B

x
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and we now have the four mdependent force eonstants f11+f12, £33, f11-f12,
and f13 in place of the four force constants fn. f33. £12 and f13 associated |
with mternal d1sp1acement co-ordlnates. | ) _

The G matrix in symetry co-ordinates is shown in Table 5.3 after

' Sh.i\nan'ouchin. -

F

Table 5.3 | :
G h.atrnc for SeOz in Stry Co-ordlnates : _ .
N (after Shimnouchin) - o ., ¥
-(Ar;.¢ arssz g ':(r6A¢) L 8y - AT)/2
Ap: (§r1. £ 8r)/2 ° 2t%g. ¢ vy -2 2 tsug, . - T _
E . o . p .
LT T : 2., - ’ _
. Tk : -g"?bﬂs@ B 4:*: e +2u0 | ) e
' . . ) ' : . R . ’ R S e - ' . |
By: (Ai‘l - Al‘z)/z ‘ b . .' g T | 232“5& + po

I'i‘he gronnd and em:ited state G and F matrix am given m Tables. 5.4

" and 5.5 Eor mternnl co-ord.mates and %1% 5.6 azzd 5:*7 fox' .,y-otry co~

ordj_natis/respecuvely. L ,'Q AR T :
The Urey-Bradley forco constants for thaz groamd and excited electronxc
| .

state are shown m Tabm S. 8 and the L natrix {txy co-ordimte&‘») is '
. shown in Thble se. .- L | --__- SRR |
Cartesian and mas;a-wei’ghtad cﬁrmsizm displacmwt oo-ordinates were
also calculuted usmg a c@:putm Progras ohtained Ema the 'Quzmtum Q‘“’-‘mstﬂ
vPromr ammo E‘.::change“ at m&imm MVmiw Since an a.rbitmry co-ardzmte
systea was wed;in the pregram, tho mma cm-tesima co-axdimtes of the

ate3s aro. mhuxaeea in Teblo s.w. Tho nezoal co-omimm in wm of mass-

L

-~

Ty

Imldkﬁwtoﬁama&&r.B.C.M@Mmmmmmwc@wofu\&\
proggem.. I DR



G Matnx for the IAI Ground and ‘B\" Exc:.ted Electmmc State

L
Table 5.4 .

P
2

of‘Se"BOz'5 for Internal Co—ordinates (um.ts are a.;. t}\l)

. ATy

©

" Arg

-

102

. Toho ’
Ground - Aty | 0.07535 | -0.00517 | ' -0.01174
State . N B A .
. Aty f -0.00517 _§ 0.0753S -0.01174
| r o | -0.01174 | :0.01174 | 0.16106
. Excited Aty 0.07535 -0.80244 | -0.01259
State , : \ .
At -0.00244. | '0.07535. | -0.01259 .
r 8¢ -0.01250 | -0.01259 015560
Tt mbles.s )

FeiMatrix for tho 8 stund and 132 Excited Blactronic State
78.16

of Se’ 0, for Intornal Co-ordimtes (um.ts are o dynes/ﬂ)

-

Ground ary.

" State ,

T ATa

T80

Excited &Py
State - :

o, Ao,

N N

ary

7.1738
" g,20811
0.05593

3.499

0.0

Aty

0.20811

6.83191"

8. 05616
Q. O :

10,2608 -
0.0

0.0

E'OM?

0.05593

0.05616

0.52191"

o
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( ] T
d Matrix for the 1A1 Gromld State and 182 Exc1ted Electronic State
of Se7%;6 for Sy::::atry Ce-ordinates (umts are a.m.u. ) \
L - T, e o : _}' : :
: L . (51‘1"‘51‘2)/2 : _roAt} , {A;I-Ar"z)/.z-
 Ground State - (Ary#Arp)/2 0.070175" | -0.01660 {-:0.0 -
ot} -o.01e60 | o0.161065 | 0.0 - |
L cemesrpz | oo | oo | o.osessz
 Excited State  (Aryefrz)/2° | 0.072006 | -0.017817 0 0.0
AR | T80 .} .-0.017817° |  0.155604 | . 0.0
- (Ary-Arp)/2 4 Toub 40,0 - '0.1077802
N . - .. ] . ‘!, S
‘I'able 5.7 @ }
F Matrix for the Iﬂ.g Grownd State and ‘Bz Excited Elceeronic State
. of Se for Symstry Co-ordxmtes (nmit.; are B dynes/
o B . (Ar;#&t'zllﬂ" ;J_:;oAgb . "(ﬂrlF'-Ax‘g)_J'z-.'
Ground State  (AryeArz)/2 - | 72.10078¢ -§ -0.011575 | 0.0
; o ‘;; | S = : B
XU 0.011575 | 0.5246¢5 | 0.0 o
(ary-ar2)/2  § . 0.0 ' o.o 'S 6.84006
Excited State  (8rye8rp)/2 3.&991,3 f-0.00208 | 'ﬁ-‘j‘" .
" T80 . [ -0.00208 | 0.26479 | 0.0
T (emyedrdf2 0.0 . § 0.0 O f '3.56316
S : - ) . 0 k :
. E



Table 5.8. . . "

: yrey-BradleygForcé Consﬁants fot Senols in the Ground

and. Excited Electronic State

;nz) o
Ground St /5852 . 0.439 .0.17

N .
N

Excited State '3.590 - 0.328  -0.080 |  *
| mmsg_ S
Land L -1 Matrix for the Grcumﬁ and Excited State of 38780!6 E :
. using Symtry Co-ordimte.. (tmits are g. m u.l/ 2}
Pmtex i e
.- . ) ) B ' ) E - - R - ~ . .
Ground  0.26472  0.008%88 0.0 ¥ -3.75248 -0.085687 0.0
State e o ' : ’ ‘ ! '
' -0.076114 00384045 0.0  0.724837  2,521233 0.0
" 00 . 00  0.28582 | 00 - 00. 352382
‘ . PrmI— ’ o ;“ . .
Excited  0.269369 . 0.008741 0.0 3.681271 -0.083240 . 0.0
State - e S i -
| '-0.078539 . 0.386568 0.0 0.747926 2. 5699’5 © 0.0
00 0.0  ©0.278930 0o o s ,3-585130
¢ ' o : - S . oo ok
. The L fatrix has been normalized in tho senso 1t e G ami gives thelsymetry |
‘co-ordinates in terms of the normal cosordinates (S = 1Q), while L is - _
mlntcd ‘to the revdrse me&i@m QoL S PR . T
.4 ‘ B :
N j
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Teble 5.10 /
'Ori'ginal Cartesian Coforfdinates; for S¢780é6 in ;he/G;‘ound-_ S -
o o and Excited Electronic State SN . ) Toor
Aton 1 Ground State Excited State
" x' ’ - y— z - x ’ Yy . A -
¢ 0,  .-1.4676 0.0 -0.2139. . -1.585 - 0.0 - | -0.2485
Se - 0.1393 = 0.0 -0.2139 ¢g.2009 0.0 | -0.2488"
6,  0.7887 0.0 1.2560 0.539 0.0 (| 1.4594’
-a‘ ) ) L 7 ) ’ .-(_’_! . - o~
~ - . e - C :
[ . ‘ . f .
T ) . Table 5.11
Calculated ond Observed Frequencics for the 1A Ground
and 1B, Excited Electronic Staote of Se’reoés " IR '
‘ . _Frequenci . 'Umy‘-aradley Genoral Quadratic ~0‘bsefvéd
Forco Field Force Field : g
o S e =
Ground vy " 966.8 em™} - ;ﬁ 923 cm 1 923 cm
State - - « - B 1 o 1 ‘ A
' vy . 9225 e 373 cm, 373 o
- - . . - . . ) ‘1
-y vs 374.0 @™ 967 et 967 cn
A\ : 2 . q o 4
Excited. vi . . 659 ea . . 660 cm 660 em = -
State e o S . -1
: v2 26¢ e 20 em™ - 1260 @
. ‘ - 7 ‘.‘ - L -ﬂ . -1
vy ems et ] e 1 686 co
a ’ . ’ . ‘Q
N \
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weighted cartesian and cartesian displacexzent co-ordinates are given in Tzble

-~

5.12.

L

The agreenent:between the observed and calculated freqixencies for the

P

Urey-Bradley amlcgeneral quc.dratzc force f:teldm glven in: Table 5.11 for
both, the ground and exclted state. ' ‘ . - oot B -,' ,é .

The nomal co—ord:.natés for SeDz are shoun in Flgure 5.2 :m tems of

the mass-weighted carte.,mn diwnt co-ordinates g:wen above in Tabla 5. 12. )

5T Franck-Condon Calculations f(m's Mathod 1) :

'fhe present intefest in carzying cut Fraﬁck-Conddn calcuiati_ons was to
elucidate the geomtnc stru@tm of a@l@ﬂi@ dxonde in the 182 excited
eiectmmc state. 'lhé"%mnsnimx probability for ’an electranic transn:.on
fron the ground electromc stnte ¢ to an exca.ted electronic state x’;i is gwen " T

?

5
by the square of the tranmtim Comont ui"‘ e

Mi".g <'§;, Ir]:z; ><Q |e > o o I L (5.29)-
there ¢ 15 the nbratiomess level of the gmund electm:.c state and ¢ the .
uth vibratmnal level: of the oxcited olectm.tc -'tate. 'l‘he mtensz.ty of a '
particular vibronic band in the electmnic tmnsitian is, thereforé given b)'
" the Franck-Condon m{erl@ mtegral <¢ |¢ > bmtween ‘the grmmd anid’ exuted sta‘ | '
¥ibrational mavefmction.a The cagnitudd of this integral -is. ‘accordingly -
related to the change in structure of th@: mlemxe going frcm the groumi e -
Vexcxted clectronic state. - It s should, themfom, ba po&'sible to relate the
intensity da_,tributiam within a vibratiml pmmessicm to :he chanoe in the
: -molccular geometsy acm«pmyi t@w elecmmc mnsitim. 'l'hm is the baai’
of tho Coon mthod. . I .
" In order to earry out th@ W Fm&-cm@ wlcmmticm it wis, »
| thcrcfore, mee.,sary o kave mlemﬁ av vibmaimi mlym ard masum& : ».

LB _' ' _,' T



: ,, | 107

e [lGURE B2 mm-mi. Co-cndt o% s “" I TERMS  OF _
'\ o wgmwm cna:i‘eam mgwcwam' co-onDINTTES.
S -
2 - ES R S



R S s - ank b

-~

-~

. .v.u .
1£200°0 ﬁcmmoo 0., 00 ¥6950°0- £951°0-  SOBLI'O
£8010°0  “10z20°0 0'0 - 80928'0~ pr2ESI0- - 691690 a
$0SOT'0  99LZ1°0- ' 89z00°0- 9V000°0 88Y01°0 ' £HSZT'0 .
802T4°0 9501570 SL9LS°0- SOV00°0 SY6Ty 0 291050 W
TELVT0 862LT70 $6250°0~ - 00V£0°0- 'LL010°0  $2L00°0- -
ST685°0  SV169°0 ppO8Z°0< S1008°0- 90£70°0 °  96820°0- T
4 A iy 03938
7 | - - . poapoRa
0580°0  5021°0 . 0'0 S£S0'0- 508070~ S0ST°0 o
00¥€°0 - . 612570 0°0 05L¥°0- nga-‘a%%?_ 9
Co ‘ . ». L :
8YTI°0 . ¥Zit'0- 1.00°0-  0'C 8YTE'0  PZIT0
V6SP'0  96bb°0- $9T¥°0-  0°0 §ESH0 . 9EVD'0 2
9b60°0 . ¥9ST°0 . '88£0°0~  0°0 9v60°0 .  Y9ET'0- .y
L98L£°0  LSYS'O CogrEt0-  0°0 98L5°0 ' LSPS"0- ta
, q 2 o . el Gﬂv f _ 3 4 . .Qﬂﬁum.
S v v y . ad_ L n@ W Vo punosy
AR Nn=mm>uou - mnuetes ﬂa:@mhxau - _

‘ .. -
" » v

L *a[ndelom eyl jo 50XB ordyosuyad omuﬁ oﬁ mmoam :oim 018 m#:njauﬂ%.% 2F .moumummun-oo
poiydton-sseu onu 03 I03ox muoeﬂ.: .8&: oYL . * $93BUTPIO-0) :m«mouuau vmu:mqoz..mmmm Ea ﬁﬁmouuwu
' 30 swiay ug opﬁm qu.HpuaHm pai1foxg «mﬂ pue punpig ly, oy3 uy Som hom .nom mouoﬁﬁuo 0D ﬁqmuoz

o

R : S : Nﬁ § oTquL



. . M . ) .
N - e " . ’ N
E) ) .
® ; . i
o N - :
' -
- ‘ ’ . .

the relatiye' intensity of 5évera1 vibronic bands. In order to evaluate the

, overlap integ‘ra;s of Equation (5.29) the gmund‘state L matrix is required i
and. thus the necess1ty for doing the nornpaly co-o:dinate analyszs. :
The v1brat10na1 waveftmctions e in Equation (5. 29) are -assumed to

be of the form '\ - ' ' o ’ k .

o, = n1¢ Q) o (5.30)
i= : A

! S r

L

where the product is taken over the 3N-6 =3 normal co-ordinates Q “The
transition moment of E.quation (s. 29) upon subsutution of ( 30'] is

3 o '. ‘ - .‘_ M 3
_f[ 4, (Qi)][ H ¢ (Qu)]dﬂququs 1 ! a (5.31) "

R
In ‘order to evaluate. thm integral it is nacessary to spec:fy the ‘

_ transfomation between the grmmd an.d excited state nomal co-ordinates

Duschmsky 9 has shown vhat the r&uir@d transfoma\tmn is of the forn.

i

= * 5.32.
Icaquj d) (5.32)

—

u":'A .
'That is, the grpund state co-ordinatm Q are related to .the‘excltedr state

co-ordinates Q by peans of a rotation plus a translation. o ,
. Coonn ho*aever, assunes the cbovo tmnsfonﬁation can be effected in\ )

the fonoumg way - e : S : ' © .
=qQ ¢D '. A ' L SRR ¢ 5

Since the intornal 'displmt co-oﬁiﬂdﬂm._pf ihe_leF“m_m Jrelated to -

the noml co-ordinatﬂs by§ | | N

2. "q" N o o _   (5.34)

3

 Substitution of Equation (3.38) into (5.34).with @' = 0 for tho equilibrita
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excited state configuration gives, as a first épprogi,maticn':to the excited’
) P ! : ' RN
state structure,

R" = L'D

Tae elecents of the  matrix are related to the experibentaily

| ceasured intensities,-and are obtaired in the follc‘gizig way

‘ T w2ae L -

R(1,0) _vV28% _ g2 ¢ S&z.ii L \ (5.36)
RO aesty 0T o) I

- ) . ! X ' ) . - b . 7 A ) - - - *
R(2,0) . 1 128y goenl 7 ©u(5.371)
R(0,0) 5(19:32] 1 as 32) > o R ‘

r!‘.:ere_ % - ’ “ R , ) . - .- ’ . ' . .

L _ 2 = - P L T . S )

Bi = uilci, Y; = ‘faidi ond oy dﬁzwi{h . | {5.38)

RS
.Since m the presemt tmr‘iz 24:@ @zcited' state L matrix ués -avai'ifab'le

~ the chan“e in the‘ J,ntem.al co—ordinates could ‘be obt:nned dzrect—ly from the :

. -

relatlcnshlp

-

R' = L'D S | E N £ 5O
vhich is equivalent te Cm‘s ecuml "ppmumntm to the exc:.te:i state

structure. ,—\

Since the spectrud czmmmad pmgre iohs in both the" upper state_

- totaily sym stmtchmo fr@qummcy vl, and angle bemimg frequency v2,

a

it was pcs.,zble ‘to cbtain danges in both t?xe bmzd lcmth and bond :mgle

- The calwaatcz} valuss for o, O m maﬁﬁc vthuc ba.mis are- gzvcn in

Tzble 5. i.::'. :

~

i -

ercc the sign of 2heo mﬂﬁvi&ml dﬁ is mdatcmimd in Eq.mnon {5 5‘9),
there are 29‘ possible W state @WMW cami&twt with the observed . -

mem;_zm whw n ‘M m‘%m mEboz of mmny 5pmtric exppm' 32&26 mml co-

-~
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ordinateS.l Siu{:e a rotational anaiysjss' uas pgz:fc;med-oxi-the_ lg I:;and.j the
jupper state geozatry was knmm gnd thus the propgi' chmlce of sig.n Vf‘o'r dy u:}d
4y detemmed. _ | . . , q‘ . o & .‘

. The calculate values of dl and dag along with the vxbrom.c band used,
are given Y 'rable 5. 14. e |

o~ In the Franck-mdon calwlations the umts of d are, gll zm. The L
patrix cust have the tmits g ,, 1/2 It is tharefore necessmry to comrert the L
-. mtnx given in Table 5’9 fmm a.m.u. to g. Since it = G, and G has “the
units (a.n u. ) , the required tmii:s for L(g 1, 2) are obtained by m\lnplymg
each elezent of the L matrix by 1.0/(1. 6602@) = Q. 77609. The L matrix with’

units g 23 used in the Frck-Cmﬁma calwlation is shown in Toble 5.15. ¢

@ N

5.8. Conclusions and Discussion ’ o=
The funﬂmntal quueaciw for selenium dioxide my ba accounted for
. easily using a general quadratic forc@ field and slightly less accurately ux;h_-

tho. assunpnon of a Urey-Bradwy f@rce field (mﬁlﬂ 5.11).
The geozetry detemin@d by Coans of the Frmck-(!ondon prmciple, gives
r(se—0) as 1.71 & and a(o—sa-o) as) 93. as“’ _<Tnds is in reasonsble’ agrecaent

F.* o
y 3 .
mth r =174 K :md 0 a. 191.0"\' dotorzined by mtationai tmalysis of the 10 o

vxbronic b:ma. 'i‘he try %teﬂa&i& fm@ rotational mlysis is probably

cost mliable since th@ former Ww m estimte of thﬂ imensity of .»weral | |
_lbamL involving v; ond 'va. _ 'ﬁw immitim wam mmmn'ed fm an expanded trace '-.
obtained photo-elecmmly fm a CW % mcmphotmtw 'me &1”“"1’3’“’3" ) ) |
bo?.t:ccn tho trsr calwmwﬂ by mwm o@ t&e w:m-mm m:mipie and

™

- that dmomimd from rotaticaal mmia m&bw lﬁ.@a iﬂ the csti@ata of )

. mtcnsiuc.. mcdmmaf@mmmnmmﬁm. I 'd o
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Table 5.13 /
Vlbratlonal Freqx.ancies and Paramters used in Fra:nck-Condon

Caiculations for SeOz

Ground Stato  Excited State -
Lo

v gt 660 el
v . s c:m'1 o 260 o™l .' :
| 51 - 40.618 x 1019 . 3. 349 1019,
_ —uz 25.718 = 1019 | 21.559 x 1019
o : 8y = 1.1828 @, = 1.197 ' -
°Unitre{~'\u are cm/seéa.org'. - e b
. _ ﬁ |

Tablo 5.4

Calculate Value., of d; cmﬁ dg foz' ﬂm ‘Bz Electrcmc State of SeOz |

| e | g i
(vi, v2) R ) I -

@ @e o} 4 eo0.5082

cen | @ | a=oes

ey b ee E Cdy = 0.645

R ‘ mmszs

L Mtri:z l}.acd iﬂ ck-&mﬁ@m C&immtion

CQampeama)2. - T b
C(emetrp)/2. 02048 0.00788 -
r8e . -0.06695 - 0.S0001

Ay
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coscLSIONS - . .

The B-Systen of\ seleniun dioxide has been analysed in déta.il*. ::'gh.e‘- .
extensive absorption sfrstem exteudim fr}m 3400 R - 2400 R"has:beet-:" shcm;
to result froo a 182 - X,IAI ‘electronic transxt:.on. ‘_ A v:lbrauonal analys:.s

of the electronic tran..xtmn l‘ms succes..,ﬁllly account for all thc v;bromc ]

~

bands (>100) and- yxelded tbe ‘threo ezcited .,tam\fmdamental frequencms

4

In add1t1on gas phase valu...a for tho arcxmd atate totally Wuxc stf-etchmg B

andkbendmg frequencies ﬁere d@ torns
-1

ned for. the fu-st time The speq_tnm has

been extended V2000 ¢ ~ to the red of pmvious investigations Tk

g vibrcaic band has been carried out

usmg the band contom- cothedy zmﬂ tho mited taata gmzstw cozzpletely

A rotauonal analysu of th@ 1

‘Yeternined. A noreal co-ordimte amlysis os’r‘ tha »grmmd gnd oxciged stato
. was perforzed and Framk-(:umﬁm calwlati@m wore carvied out to further :
confn-n the exc:ted stata -,

et

Perhap., the most intwuno aﬂpmct .of the pmsent work is the

ined by rotatmml annlysxs. »

c(

suogestion of a dauble— nimm potential well alon‘, Q3 in ttw amited IBZ

electmnic state of Sc0s. the 3 ond 33 bmws havm beem msigmd.. 'i"o the
author's knmalcdge ..elenim dioxidaa is ﬁw cmly sy-otric triatmc mlecule -
in z-:hgh tmnsxtion., zo emited 32580 dw‘blu—mimi imrels Have been '
observed. ' !t is foit thﬂ.a cbuemﬁm is &%m enﬁy em..ti g ccnﬁmtmarfcr

- Mam ﬂze asjrmetﬁc stm%chim €o-

tho possiblo preseace of a deublo-a

ordinato in coztain axcited olostrenis ﬂmwﬁ of m@s}m .MBZ_ type
: : - T : : e m

.
£ .

rolécilos.
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APPERDIX I
Frequencies of the Observed Band Hezds in the 1B, « 1A, Electronic
'Prai}siiioz_z'of- Se’%015, Semq%a-a.;zd Seeooée Grouped - . . L

into Prqgressions

L@-‘:

The fréquencies of the cbserved band heads of 80790 See"’f)18

and

Se
varied between 0.0} Torr. anﬂ 10 Torr in a 50 ] quartz cell. - L

5

80015 are gx.ven in en ‘1 All ‘bands liﬁ'ted are obéer"'\'red at pressures ‘which

The relative intensitie., given m only rousﬁ: vxsual estimtes relatwe

to neighbouring bands. 'ﬁm &b‘breviaﬁom used in ths 'mhle are:

> ) v = vory. -
v o ok -
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g = atrong ‘
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51955.0  °  31963.9 51957.4 e
52606.9 . 32588.4 | 326105 13 w7
s3249.4  ° 33196.1  © 33247.6 @E; Co s
33900.9 '35812.7 - 33906.2 | ch‘1,?; . s
34566.1 34448.5  3869.1 .1 . v
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408027 40020, - B e
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_ se’®0l®  se’%03® 522%38
} . - -1 . - . : . . B
4 (en 1 vac.) (o veel) (= wee) Assigrment . Intensity:
! - 35981.0 . - - 35794.9 38978.0 -~ 182 . s -

36643.8

£

36428.4 38529.1 1333 © T vs
" 372945 - 37054.5 © 37283.9 % s
é ~ 37950.1 '37667.7 - - 37933.3. ., 1338 s . 1

38593.4 38287.7 . © - 38571.9 - 1§3% e

"

| 39201.1 38905.5 2271 . 138}

; _ 39985 .2 39523.4 . 39876.7 1133% S —

35583.1  35372.8 T L adads?. .
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Docdle-tinicmm Potential Caléulatins for tho 15, Excited State

3 : ' ~
gh intensity of the 2v) bard in
.'IA,' trznsition of s@oz. it

well aleng the mt@& mw Myﬂmmcal ﬁmt&ing eo-o:ﬂmata Q3. -
' wem&a&smwmmemmwmwmm-wmm 'nxc'

double— potei‘ﬂ:aal

functica is of m’m ‘%‘mﬁim bazrior W” and mbe, |

R

'mttez . o - . -
| 'V(’Q)_'z-l-leoﬁ@@(;ﬁZQz).. T o ,(a.]l.._)'_

Lo

-

whereQx..am_,s wm@wd co-ordinate defined Esyﬁ' Qz _ ”
| 'rhe za of tho pewmial function are daterﬁmd by diff@remiating )

almmmtwqwmﬁmg&@mttom 'ﬂwm%m

pvea by : . o . | 7 _ p
L @eemEAm - @y
’ W "“mw p, mcﬁ ‘u'd.nu 2 il RRS tha anhnrEon City Of th@ wter
_mu, of the woll relative to the walls of the Mar is deﬁtwd by N
2% = a"am o . - _ i R ' f‘(a.sy .
. . . X . .\ .l. .] . . d 4. . .. ) .o— ) 1
Coon™ hen dofines o frequency v, givea by gthe rolation : R
B.m@:zfcv@) - I L | (m.ﬁ).
A dimsﬁczﬂm W.‘@FWI.;‘-V B ﬂs M dafined m %at m mﬂw R’M@t is mmvo B
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, )
e ‘. : . . . : [ e ¢
R A . . .

- | a2
ulf}ich-uitl; the aid of Equations: (a.1),.(a.2) and (s.3) give the barrier-hoight’
£ pinemtas e R e,
. b=Bo - o - *(as)

'Ihe actual dettiwn of ‘tha emarw levols 1n tlw double-pinitun-
potential well was done in the following way for o = 0. 6 Frcxa tha spectmm
using the exparimntally observed !mmls 0° 3l and 32 the follo'aing ratio

was deternined

G(l)—G(OJ 1372.6 - 17. 3%7 - o ;(a}-éi .
G(O)-GEO)r 778..9 R I L
- ) Fron the tables bf_ enorgy 1lavels le; as a ﬁ:;zc'tion of B providéd‘_ by

Coon, the above ratio is plotted against B as. Shm in Figure A.1. -'me'\ralg_sa

of B = 1,0637 was found to correspond % thambwe mtio of 17, 3967,

A plot of G(l )lvn - G(D )Wt B, thmx yiems the correct va}ue

for G(1 )/vo - G(o Y/vo comspewin,g to the \mlm of B detemiuad sbove,

cale. :
This plot is shom in FigureW.2. Fros m.gzms A.l m Aoy Begye, = 10657 [

and 6(1* }vo = GO}y, {{o 935076,

The vahm of vo_ is then calculated frm tﬁw idmutity

s GU.#) -fc(o;l s 3372 .18 : o G
- ) . GSI ! - G!ﬂ ! Rl : ) L ) T N T‘ .
mtﬁ: t%m mdl of Vo mwicmny '- T »« ﬁm bm-z-im' *ﬁwight b is s
rannuo"mzmvnnwemw%.m@'}-—g_Y (a.m

“The cacrgy lovels asy then bo eammm &ﬂm o teblos mvmw by Coon..
The resulting mne-mmm m@i&& wn wztﬁa tho ﬁmt ww cmmmw |
P .lem.. is given in Figuro a.s. LT PR .
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The two‘minit::a of the qu@h al well am‘?ocatedl at #Qn where |
L 2 B B
RRREE - ep-p-l' 41171:;'00 .

(la.gl) -

- <

substituting ¢ = 0. 6, B = 1.0657 ard vo = 1867.6 cn -1 into (a. 9) gives
-40 o o2, S
@ = 0.1722 x 10770 g.en®. | | -
' For smll gisplacencnts tho kinotic enary is given J 2T = uré wheg-e
i R .
u .=, . N ZEM : . . . . . - 7 . (a 10)
2o sins ¢ M . . ) SR

W

H

and. o :md M are the mass of the oa'ygen &ml seleniun ato:n »respectively. a i;; |
‘the 0-Se-0 bond angle in tho e:zc:lwd state (101 0° ) Substitutxon of | \ .
o = 15.99491 gn, Efipn 77.9173 and sin 101" = 0.7716 into Equation.gxyes ' -' e
= 25.706 ga. . o |
'l'herefore, using 21‘ = Q2 gnd samag Q= Qm we have

@i B O ew

¥

Inserucm of Q = 0.1722 % m‘“J g.co? apd u = 25.706 g into (a.11) gives ~*
rn = 0.0818 K., o T

Thereforo in cortain vibmmic xmla involving 03, the equilibrium

gecdiotry of Sc0 is asymatﬁc with, boad leamhs £y ® 0.0818 Kaeto v,
-~ is'the oquilibrinm boad lems of th@ symtric structure ' '
Froo o rotaticnal band mm ysw' of the 20 yibromc band,
assmning < symtﬂc stmm@, ﬁw e@ilib bomﬂ le;:g of Seﬂz in thia
vibronic level was found to bo 3 74 K. 'ﬁwmfm at %he potential, mmm _“
along tz3 of aew emcam& 3&3 ekmmmic !‘smw of Seoz the bom‘l 1@3&3 are
Vapproximwly 174 ¢ o em R | : '
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Energy of Sub-Band Orlgins and 4v Verses KP Plots

for 8978018 and Se‘“’r.;‘s Molecules

o e

: APEENDIX II1

Table A 3. 1

\

o

1

X nucbering for sub-band origins of the 13 vibronic band of se"%;a.

assuming. the transition is polarized parallel to the top axis.

S 13

: :'.3'_"

Vi1 K

K" v (Experimental) @™ v (Coleulated) cw)  Deviotion (c})

8 - 33798.813 _ 33798.768 S -0.084
9 33793.710 - s3198l708 -0.001
10 33788.042 " 33788.055. 0.013
n 33781.729 ' 35781.807 0. 078
12 33774.866 33770.966 . 0. mo'
33767.594 ©'$3767.551 _-o.oe_z
‘14 | s37s0.631 35759.502 -0.128
15 33750.948 . 38750.880 o -0.067
16 337&1':5'53 - ; 33741.664 0.111
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7 Table A.3. 2
K nu::benng for sub-b:md origins of the 1 vibronic band of Seaools
assmn,g ﬂ:e transiticn iﬂ‘ polarized pamllel to_the top axis

T it

 33798.374

T

X (Exper1mantal) co’ -1
8 33885, 483
9 33880.133
10 33874.380
11 : 33367.560__
12  33861.088
13 33854.388 .
14 33846.801
15 '33838;258
16 33829315 ﬂ
17 s3810.502
18 33809.199
19

 33868,290

8 «-3384§.a63

'33828.938

33880.059:‘
33874.457

33861.559
. 33854,263

33837.978
| 33819,434

$3809.316
 33798.6%3 -

-1

R (Calculated) o

" o : 335 =
-0.073

©0.077

0.730
.47
-0.124
-0.397
-0.279
- -0.326

'-0.057 E

Deviation (cm )

11L

oo 259
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