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Project procedures and goals

» Carry out band-band fit for all data to check bad
measurements and misassignments

» Fit all 0, data with the Dunham model (including highly
accurate MW transitions) for X°% a'A ,b'Z; andB’%,

“* Extrapolate rotational energies for unobserved vibrational levels

“* Provide predictions for unobserved bands

» Employ mass relationship to add minor isotopologue data
to the fit

< Determine Born-Oppenheimer breakdown parameters

* Provide predictions for unobserved isotopologue bands

» Derive potentials from obtained parameters
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Figure and table taken from Slanger et al. Chem. Rev. 103, 4733 (2003)



30 Levels and transitions for 16Q160
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SPFIT Vibrational qguantum numbers

> 160160

% 5 electronic states; v=0-39 for the ground state and v=0-29 for
other four electronic states

% Total 160 vibrational quanta
% Total 7718 transitions collected for these states

» Five minor isotopologues
s 3 electronic states; v=0-29 for each electronic state
% Total 450 vibrational quanta
s Total 4226 transitions collected for these states
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Hamiltonian

» For 35~ by} and B3Z

H =T, +G, + B,N? + D,(N*)? + H,(N?)* +
[y + ApuN? + 251, (N?)2]5(3S% — %) +

[Vo + ¥puN* + Y (N*)?IN'S +

312 — I?
br,1S + ¢, (IS, —31°S) + eQq, ( )

4121 — 1)

+CIL"I.N

» For alﬂg atA"3 A,
H=T,+G,+B,(N* —L%) + D,(N* — L?)? + H,(N* — L*)° +

(312 —1%)
a,l,L, + eQq, 2121 — 1) + C;,1-N




Dunham-type expansions

» Rotational parameters are expanded in (M(N+1) - [?)

1\° 1\*
T, = UTe (—) + UTeATe O, (—)
u u
1 %+m 1 1+%+m
Y},m — Z Ul,m (_) + Ul,mA?mme (_)
= U ’ U
1 %+m 1+%+m
Xim = US, (ﬁ) + U Af m, (ﬁ) , withX = A,a, bg, c,eQq
1 1+%+m 1 2+%+m
Xim = UL, (ﬁ) + Ul A7 m, (E) ,with X =y, C;
Mass(u)

160 15.994914 619 56(16) AME2003
70 16.999 131756 6(9)  Phys. Rev. A 81, 064501 (2010)
180 17.999 159 613 0(13) _ Phys. Rev. A 79, 012507 (2009)




Obtained U, , (MHz) for °O,

X5 (Vo3 @' Ag(Vyo=10)  B'EE(V,,=12)
UTe x =00 237577161(52)  395594904(149)
UTeATeOm, x u=10 9100( 66) 25556(149)
Uy X u%2/2 23683150(166) 22624892(173)  21473929( 68)
Uy oA ym, x u=12/2  2009(165) 1905(171) 1590( 60)
Uyo X 1= +0/4 -89298.8( 67) -98029.5(229)  -104798.0( 75)
Uso X U 1°/8 137.94( 99) 63.28(217) 25.09( 81)
Uyo X 1 2°/16 -1.591( 56) -3.436( 61) -4.5355(226)
Uso X t1=2°/32 6.31(134)E-03

Ugo X u3°/64 -0.2165(114)E-03




Obtained U, 4, U,,, U, 3 (MHz) for 1°O,

XZe (Vo3 a'Ag(V,,=10) ¢ Van=12)
Upy X u= 0 43343.5117(110)  42766.1783(198) 41988.2188(256)
Up1AG 1me X 2 -5.1592(91) -5.6158(165) -6.1443(213)
Uy, X +2/2 -238.2546(158) -255.8725(282)  -273.320( 36)
Uy, X u=>°/4 0.3600( 39) -0.1679( 70) -0.1302(105)
Us, X >°/8 -0.015555(271) -0.01875( 56)

Usy X 1=>°/16
sy X i35 /32
Upz X =20
Uy X =*°/2
Upp X =30 /4
Usp X u>°/8
Uy s X =30
Uz X >°/2

0.4723( 73)E-03
-6.602( 62)E-06
-0.1450753( 43)
-0.0515( 48)E-03

0.01241(112)E-03

-0.5865(226)E-06
-1.34E-09¢
4.52( 73)E-09

-0.1526375(167)
-0.3310(166)E-03

-0.0652E-062

-0.1604358( 59)
-0.5031( 49)E-03

-0.135E-062




Obtained U* and U” (MHz) for €0,

X%, (Vu=31) X755 (Vy=31)
4 X Ugox u=0° 237726.55(40)  yY x 1o 252.28822( 55)
4 X UgoAgame X pm™0 31.328(109)  y AYOp o m20 §31(60)E-03
4 X Ulty x u=0%/2 226.24(89)  yY¥ X um15 )2 10.306488( 52)
4 X Ugo X u=0/4 23.89(46)  y¥ x 20 243777(283)E-03
4 x Uiy xu=°/8 2661(79)  p¥, x 30 1.113(210)E-09
4x Ufyxu 2°/16  0.05798(124)
4 x Ugy xu 0 0.21107( 39)
4x Uy xu 152 0.02681( 54)

4X Uz, X 20/4
4 x Ug, X u=2°
4X Ugsxpu 30

_4.500(142)E-03
1.064( 62)E-06
0.086( 39)E-09




Obtained HFS constants (MHz) for °*Q'70

X (V3D @' Ay (Vio=10)  B'Z(V,-12)
Ugo X p=%° -211.9276(282)
Uyt X p=00 -54.74913(209)
US o X u 00 140.0610( 55)
1.5 X Uge? x p=00 -12.317( 57) -12.398(282)
UyL X ut0 -0.01753( 93) -0.01967(137)
a,l,L,

B -1
41(21 — 1)

bro1-S+ ¢, (IS, —31-S) + eQq, +Cpl-N



Fit statistics on %0160 b-X lab data

# #
Reference bad good N
lines lines

(0,0) Cheah et al (2000)? 61 6 0-30 NA  0.003 0.595 -0.001
(0,0) Brown etal (20002 44 0 022  0.0015 0.001 0.820 0.000
(0,0) O'Brien et al (2001) 36 2 22-40  0.002  0.006 1.146 0.003
(0,0) van Leeuwen (2004) 12 0 34-44  0.02  0.011 0.558 -0.008
(0,0) Robichaud et al (2008) 32 0 2-30 (1.8-9.0)E-5 0.000 0.551 0.000
(0,0) Predoi-Cross (2008): 56 0 127  0.0001  0.000 1.089 0.000

1

0

0

1

1

Unc. (cm™ rms(c o AVG
1) m-l) rms (cm-l)

(1,0) Cheah et al (2000) 58 0-30 NA  0.009 0.892 -0.001
(1,0) Domyslawska (2012) 12 7-25 (3.0-10.0)E-5 0.000 1.378 0.000
(2,0) Naus et al (1999) 49 026 0.0l  0.009 0.904 0.001
(2,0) Cheah et al (2000) 44 0-24 NA  0.012 1.200 0.008

(3,0) Biennier et al (1998) 43 0-24 0.01 0.013 1.204 0.005
(3,0) Naus et al (1999b) 42 0 0-22 0.007 0.011 1.582 -0.009
2 Re-calibrated based on Robichaud et al (2008)




Fit statistics on Edwards et al., 1976, 1978,1981 m

# # .
lines lines
160170 0-0 4 50 3-20 1.767 0.009 0.002 300
160180 (-0 4 43 3-20  2.381 0.012 -0.009 750
170170 0-0 4 53 3-21  1.788 0.009 -0.002 300
180180 (-0 2 42  3-31 1.630 0.008 0.000 750
16016Q) 1-0 1 69 1-19 0911 0.014 -0.010 550
170170 1-0 3 61 1-13  2.230 0.033 -0.031 550
170180 1-0 75 0 1-17  12.290 0.184 0.182 550

180180 1-0 6 70 1-19 1.027 0.015 0.006 550




Derived BOB parameters (MHz) and r,(A)

XLV, =3)  a'Ag(v,,=10)  B'Tg(vV,,.=12)
AT 0.5584(40) 0.9418(55)
AV, 1.24(10) 1.23(11) 1.079(41)
Ay, _1.7353(31) _1.9144(56) 12.1333(74)
Ayo 1.9212(67)
A79 -0.480(35)
reBooi(j&) 1.20745398(15)  1.21557683(28)  1.22678627(37)
160160 7, (A) 1.20752763(17)  1.21565347(30)  1.22687500(38)
160170 r, (A) 1.20752545(17)  1.21565121(29)  1.22687238(38)
160130 7, (A) 1.20752353(17)  1.21564920(29)  1.22687006(37)
170170 1, (A) 1.20752328(17)  1.21564894(29)  1.22686976(37)
170130 7, (A) 1.20752135(16)  1.21564694(29)  1.22686744(37)

180180 v, (A)

1.20751943(16)

1.21564494(29)

1.22686512(37)




Energy (cm)

Derived potentials for 190,
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Conclusions

11 944 transitions collected and fitted for O, with a reduced
RMS=1.1

65 independent parameters used to fit the X s a' A, b! Z;
states (V. =31, 10, 12 respectively, nuclear HFS included)

ax

X’% ,a'A,,b's modeled well with Dunham model

A A B’Y. not modeled well with Dunham model; now
modeled with band-by-band parameters

High vibration excitation lab data needed to replace
nightglow data for b-X

b(1)-X(1) or a(0)-X(1) 1sotopologue transitions needed to
clarify the existing problem fitting 17O!80 X(1)-X(0) data
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Fit statistics on 6060 ground state MW lab data &

# #
Reference l.)ad gpod N' O rmsz(;\/l H (ﬁ‘;{(i) (Tol:'r)
lines lines
V=0, Endo et al., 1982 0 8 31-39 1.140 0.031 -0.031
V=1 Endo et al., 1982 0 19 1-19 0.889 0.016 0.002
V=0, Zink & Mizushima, 1987 1 4 5-15 2.063 0.185 0.116
V=0 Brown et al., 1992 (CARS) 0 30 3-21 0.173 25905 12.677 70
V=0, Park et al., 1996 1 1 9,15 0.395 0.015 0.015
V=0, Golubiatnikov et al., 2003 0 8 3-7 1.221 0.024 -0.010
V=0, Tretyakov et al., 2005 0 27 1-27 0.694 0.005 0.000
V=0, Drouin et al., 2010 0 5 5-11 0.835 0.033 -0.017




O, ground state Y, ,(V+1/2) expansion

Parameter Parameter
. Parameter Value ] Comments
Identifier Uncertalnty

0 23683467.0956274 1.00E+37 /16Q16Q) Y1,0/2

-1001 71050401.2868814 1.00E-37 /*3

-2002 118417335.4781370 1.00E-37 /*5
-300300 23331072.4780496 1.00E-37 /160170 Y1,0/2

-301301 69993217.4341492 1.00E-37 /*3
-400400 23014724.3513394 1.00E-37 /160180 Y1,0/2

-401401 69044173.0540186 1.00E-37 /*3
500500 22973272.9989080 1.00E-37 170170 Y1,0/2

-501501 68919818.9967241 1.00E-37 /*3
-600600 22651928.5332284 1.00E-37 /170180 Y1,0/2

-601601 67955785.5996850 1.00E-37 /*3
-700700 22325959.3358630 1.00E-37 /180180 Y1,0/2

-701701 66977878.0075893 1.00E-37 /*3
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