NO, X 2A;" {REED IREIHEE
Vibrational structure of the X ?Ay’ state of NO,

7 5 B
[LEMIIKE, FREFZHRH
Masaru Fukushima
Faculty of Information Sciences, Hiroshima City University

We have generated NO; in supersonic free jet expansions and observed laser induced
fluorescence (LIF) of the B 2E’ — X 2A," electronic transition. We have measured
dispersed fluorescence (DF) spectra from the single vibronic levels (SVL's) of the B %E’ state
of ¥*NO; and *®NO;, and found a new vibronic band around the v, fundamental [1]. This
new band has two characteristics; (1) inverse isotope shift, and (2) unexpectedly strong
intensity, i.e. comparable with that of the v; fundamental. We concluded on the basis of the
isotope effect that the terminated ( lower ) vibrational level of the new vibronic band should
have vibrationally a;' symmetry, and assigned to the third over-tone of the v, asymmetric (e')
mode, 3 v4 (a;'). We also assigned a weaker band at about 120 cm™ above the new band to
one terminated to 3 v4 (a2'). The3v4(a;')and (ay') levels are ones with | = +£3.  Hirota
proposed new vibronic coupling mechanism which suggests that degenerate vibrational
modes can induce electronic orbital angular momentum even in non-degenerate electronic
states [2]. We interpret this as a sort of break-down of the Born-Oppenheimer
approximation, and think that 4l induces ¥ A, where A is quantum number for the
pseudo-electronic orbital angular momentum; for the present system, one of the components
of the third over-tone level, | A=0; v, =3,l=+3), can have contributions of
| A=—-1;v,=3,1=+2) and | —2; 3,+1). Under this interpretation, it is expected
that there is sixth-order vibronic coupling, (g.3Q_® + q_3Q.>), between | 0; 3,+3)
and | 0; 3,—-3), because | 0; 3,—3) has contributions of | +1; 3,—2) and
| +2; 3,—1). The third-order coupling is weaker than the Renner-Teller term ( the
fourth-order term, (q.20Q_* + q_%2Q,?) ), but stronger than the eighth-order
term, (g.* Q_* + q_*Q.*). It is well known in linear molecules that the former shows
huge separation, comparable with vibrational frequency, among the vibronic levels of T1
electronic states, and the latter shows considerable splitting, ~10 cm™, at A electronic states.
Consequently, the ~100 cm™ splitting at v, = 3 is attributed to the sixth-order interaction.
The relatively strong intensity for the band to 3 v4 (a;" ) can be interpreted as a part of the
huge 0-0 band intensity, because the 3 v4 ( a;' ) level, | 0; 3,+3), can connect with the
vibrationless level, | 0; 0,0). 3 v4 (a;') has two-fold intensity because of the vibrational
wavefunction, | 0; 3,+3)+| 0; 3,—3), while negligible intensity is expected for 3 v,
(a' ) with |0;3,+#43)—] 0; 3,-3) due to the cancellation. To confirm this
interpretation, experiments on rotationally resolved spectra are underway.



H4lE NO, B °E’ — X °Ay BROE—RBEMIODDERT A HARTNILOEHT
ZELT.EE X °Ay EFREQRDEEDOHBPAEZED TS, HAlE, —FEE, &5t
Fh ovi IREVEGFEBDARIMLEZEFECAUELIZESA, K, B—LRBEINTULV:
vi BERIBIEHIC2ODIRENVIEDNFETHIEFRALMNIZLE: 1], Shb2DM/ >
RFIZRD2DODEHHEED, (1) “NO, & "NO, ETHDRLIAFLTRERL, v, [ZIRES
NBENURITEBEFFEDT TR (v (UNO,) < vi (PNO,) ) %#RT . (2) fthADHFHT-IZER A
SNTFNURIE v BEENURELBLSDENEBREEZEL D, CNLDERMN L, HA
FEDFHF-LIRENAVFIELEXTT (o) RBECLADEBRTHY. .3 va (&' ) EELA~AD
ERICREINALIERLUIZ, CNITMA T ERFID vi BEMISE 120 cm™ BT
FILF—REBIZHEBIMRE/NURE 3 v (&) ~DEBEBELFELIZ. T 3vs(a')
& 3va(a)) EHlE 1=13 OFHELD, ERITEBEBREFRETH>TH, MBERE
DEEIZEY . EFNEAEHENET D EVSHERELE: 2. LTI NE
Born-Oppenheimer AL DN ERERL . IREBAEEE + | X EFNERETE FA
EERBAIRE. EERT-, CSTOA [EBERDICKYELIBLMNLGEFHEREHET
HY.SEIDVRATLTIE vi DIEED1IDDORSD |A=0;v,=31=+3) [F.
| A=-1;v,=3,1=42) & | =2;3,+1) DFE5ELDLITHD, COEMRIZKSE,
v DIEFTDMAEDARS | 0;3,-3) (X | +1;3,-2) & |+2;3,-1) ODEFEE5%D
DNDT.|0;3,+3) & |0;3,-3) DEICIE6XRDIERTEEEER (q.20° +
q_20,%) NETRELL D, 6 RDIEEAIL Renner-Teller EEA ( 4XMBEEH
(g42 0% + q_20,%) ) LYBLHA. 8ROMEEMER (q,4 0. + ¢_*0.*) ) &VUIE
BUOCRATEX T EFRECERS FICEAL T IRBEMICEBT 2RELSREEL.,
BB A EFKREBIZHLT. - 10 om™ BEDOARZELHIENHON TN, LI
2T .SED ~ 100 cm-1 BEDHHIT. 6ROIREHREEREBERAAETHS.3 v
(ar') ~DINURDFRVNGREE, 3 vy (ar') ERMNOIRBIERIE kuse DIEFRAFNIEZRELT
IEEAEEEDT.0-0 NUFRDBRED—EEZEZAOND 3 v (a') & 3va(ar) #ELLD
FHERSIE.FNEFN | 0;3,+3)+]0;3,-3) &]0;3,+43)—]|0;3,-3) TRE
. AIEILEEMNMEIZEDIBDOD. BEBITITEHEINDZLIZHY | EEREREFELEL,
TEROBIREHERITH-OIC. BE. BEBEELZDRLIEZARIMNLOAIEEZRATL
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