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This is the model discussed in Figure 4 of the manuscript fitting half of the data
set and the model will reproduce the other half. The fit is accurate with root mean
square deviation of 7cm™!. This model has the property of permutational invariance
and suitable to the data used in this work.
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a1 = 2.2000114914759292 A; = 1080.6982727487982
az = 1.6315073989093054 Ay = —364.01212381235996
a3 = 5.387559056206077 Az = 87.45010747391402

a4 = 5.3875594116006 Ayq = —29.417939329510403
as = 3.0238934609183765 As = —17.79928111498431
w1 = 0.9184685459297239 Ag = 75.5623848846403

o = 1.1472459457992235 A7 = 22.438053502201925
pus = 0.13411231741720428 Ag = —49.620099263141306
pa = —0.13411225149248798 Ag = —29.175033692270805
s = 0.9465254162729005 Ajp = 34.86123910998284

B1 = 0.7687044383305801 A1 = 57.590664926753256
B2 = 0.9523532790731593 Ajg = 8.964405839198703
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B3 = 0.7420941189859277 A1z = 2.0962686444561505
B4 = —1.1525575267697563 hi = 2.3263007722991818
Bs = —0.34175493690581515 co = 2.7816471316977087

The level calculation yields a total of 39 vibrational states for the singlet spin state
and shows double degeneracies at some levels. It exists only for few levels and vanish
then quickly. It predicts a dissociation energy fo the two product fragmentation which
is close to 34070 cm ™. In solving Schrédinger equation, a proton mass in atomic units
was used in the mass factor assuming the amplitude of proton only contributes to
the overall molecular vibration in this mode (second mode shown in Figure 2 of the
main manuscript) and other atoms at rest. The values are tabulated here and shown
in Figure 6 in the manuscript. The degenerate levels are underlined.



Energy(cm™1)
Coan Coy
L=0 L=1 L=2 L=0 L=1 L=2
1208.66 | 6024.0 | 8412.03 | 1314.91 | 2105.0 | 3180.27
3621.29 | 6024.0 | 8412.03 | 3921.89 | 5198.01 | 6457.65
6019.09 | 10730.7 | 13033.1 | 6484.49 | 8420.2 | 9801.47
8390.20 | 10730.7 | 13033.1 | 8978.06 | 11697.2 | 131534
10720.7 | 13438.8 | 13507.1 | 11401.6 | 15011.0 | 16502.3
12994.7 | 13438.8 | 13507.1 | 13783.5 | 18284.4 | 19778.6
13404.6 | 15208.7 | 15980.0 | 16101.1 | 18518.4 | 22034.8
13404.6 | 15208.7 | 15980.0 | 18331.0 | 21500.0 | 22969.3
15192.5 | 15908.9 | 17344.6 | 20478.9 | 24346.0 | 26010.3
15873.2 | 15908.9 | 17344.6 | 22527.7 | 24594.3 | 26922.5
15873.3 | 18229.5 | 18309.5 | 24462.5 | 27531.0 | 28877.2
17283.0 | 18229.5 | 18309.5 | 26266.4 | 28392.4 | 29721.1
18191.1 | 19228.4 | 20349.6 | 27894.5 | 30163.5 | 30895.5
18195.7 | 19228.4 | 20349.6 | 29224.2. | 30293.1 | 31558.7
19200.1 | 20366.0 | 21091.4 | 30151.1 | 31252.6 | 31802.6
20214.3 | 20366.0 | 21091.4 | 30958.9 | 32168.0 | 32699.1
20326.5 | 21968.5 | 22498.4 | 31632.4 | 32865.8 | 33511.5
20999.2 | 21968.5 | 22498.4 | 3220.4 | 33031.1 | 34045.0
21928.3 | 23127.8 | 24019.2 | 32959.8 | 33789.6 | 34149.1
22400.1 | 23127.8 | 24019.2 | 33560.7 | 34338.1 | 34556.9
23101.9 | 24671.5 | 25496.6 | 34067.6 | 34619.6 | 34632.9
23934.6 | 24671.5 | 25496.6 | 34451.5 | 34639.9' | 34647.1"
24647.1 | 26274.4 | 27112.4 | 34621.8 | 34641.7" | 34658.4*
23 | 25431.7 | 26274.4 | 27112.4
24 | 26253.3 | 27895.9 | 28758.9
25 | 27054.3 | 27895.9 | 28758.9
26 | 27878.0 | 29545.5 | 30393.2
27 | 28707.8 | 29545.5 | 30393.2
28 | 29529.6 | 31163.5 | 31959.6
29 | 30348.2 | 31163.5 | 31959.6
30 | 31149.3 | 32649.5 | 33286.7
31 | 31919.3 | 32649.5 | 33286.7
32 | 32636.8 | 33661.9 | 33836.5
33 | 33251.1 | 33661.9 | 33836.5
34 | 33651.9 | 33932.7 | 34021.7
35 | 33813.1 | 33932.7 | 34021.7
36 | 33926.1 | 34046.9 | 34047.0!
37 | 34007.2 | 34047.0' | 34047.1!
38 | 34044.7 | 34047.0' | 34047.2!
39 | 34049.8! | 34047.11 | 34047.3!
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This model given below fits the ground state potential energy curve shown in Figure
8. The unknowns are listed via fitting the data. The model is used to compute the
levels contained in the well of the curve (see Figure 9) and one must solve Schrodinger
equation using the model to find out the corresponding Eigen levels. The excited state

Inot converged



curve in Figure 8 of the manuscript is fitted with the same type of model but with
seventh degree polynomial instead of five. The unknowns are listed below.

y =ayq sech[p (x — x0)] + ag sech[pu(z — x0)] + as sech[us(z — x0)] + ag sech[us(z — z0)]
+ a5 sech|us(z — 20)]

1
|4 :E (Aly + A2y2 + A3y3 + A4y4 + A5y5)

20 = 5.171338129515436 g = 8.472879002654446
a1 = 2.4845069834930444 az = —3.118014073364913 a3 = —2.953586292150412
ag = — — 2.9535862921626816 a5 = —2.953586292268485

A1 = —2094.1068496606326 Ag = —825.1752626771683 A3z = —16.90959883272914
Ay = 24.615448163348074 As = 2.340522767790384

p1 = 0.5105199043155496 2 = —0.3595900512159141  pg = —0.3596811809724695
pa = —0.3596811809811012 us = —0.3596811809819504

y =ay sech[p (x — x0)] + aa sech[p(z — x0)] + a3 sech|us(z — x0)] + a4 sech|ps(z — 20)]
+ as sech[us(z — z0)]

1
V=—0(Ay+ Aoy? + Asy® + Agy® + Asy® + Agy® + Ary")

20 = 3.6685851418149915 g = 4.500806953749511

a1 = —12.430685654808292 a9 = 3.2215115604559053 az = 3.223479049086567
a4 = 3.2234789075384307 as = 5.528715731049244

Ay =142.97194013697998 Ay = —416.2609525491255 A3 = 530.7431890553914
Ay = —382.4679771476479  As = 156.8692587013604 Ag = —33.86683276715915
A7 =2.9799599610901057

p1 = —2.4943021818420994  po = —1.9152970464170012 ps3 = —1.9141087353544453
e = —1.914104318896817  us = 3.4635827435530664



v | Energy(cem™1) | v | Energy(em™1) [ v [ Energy(cm™1) [ v [ Energy(cm™1)
0 370.57 21 14346.6 62 30825.6
1 1106.61 22 14931.4 42 24902.3 63 30970.1
2 1835.80 23 15508.5 43 25307.0 64 31092.3
3 2558.12 24 16077.9 44 25701.8 65 31188.2
4 3273.54 25 16639.3 45 26086.5 66 31249.4
) 3982.03 26 17192.9 46 26461.0 67 31257.9
6 4683.57 27 17738.5 47 26825.0

7 5378.11 28 18275.9 48 27178.4

8 6065.64 29 18805.3 49 27520.9

9 6746.11 30 19326.4 50 27852.3

10 7419.48 31 19839.2 o1 28172.3
11 8085.73 32 20343.6 52 28480.6
12 8744.81 33 20839.5 53 28777.0
13 9396.68 34 21326.8 o4 29060.9
14 10041.3 35 21805.3 95 29332.2
15 10678.6 36 22275.1 56 29590.2
16 11308.6 37 22736.0 o7 29834.5
17 11931.2 38 23187.8 58 30064.5
18 12546.3 39 23630.5 59 30279.6
19 13154.0 40 24063.9 60 30478.8
20 13754.1 41 24487.9 61 30661.3

This table contains the data for the levels for the first normal mode along the direction
represented by arrows shown in Figure 2 in the manuscript. The levels are shown in
Figure 9 of main manuscript as horizontal lines between left and right classical turning
points with vy,q, = 67. The levels are obtained by solving Schrédinger equation using
the corresponding model with the mass of an oxygen atom in atomic units in the
inverse mass factor. The results stand for zero orbital momentum and similarly for
non zero momentum, the levels exist but not given here. Inclusion of level data with
zero and non zero momentum in the Dunham fit produce spectroscopic properties
(short version) listed in Table 3 in the main manuscript.

The full set of spectroscopic properties of two electronic states calculated by fitting
the level data with Dunham expansion upto fourth order. Y,, ; is the Dunham coeffi-
cient to be known from fit and the index, v, J refer to rotation-vibration states. This
table is the long and complete version of Table 3 given in main manuscript.



properties X 14, b'B,
Yoa 0.386141 9.31888
Yo -0.00128827 -1.97361
Yo3 -0.000124905 0.15542
Yo 0.0000132576 | -0.00388592
Yio 742.827 635.766
Yia -0.0349604 -24.4252
Yio 0.00471744 5.38511
Yis 0.0000533031 -0.424068
Yia -0.0000206791 | 0.0106028
Ya,0 3.38 9.3
Ya1 0.01 18.8
Ya.2 -0.00170471 -4.15187
Ya3 -0.0000181161 0.326947
Yau 7.52277 x 1075 | -0.00817451
Ya0 -0.033 2.6
Yaa 0.0028008 -5.46078
Y32 -0.000349103 1.20402
Ys 3 —3.97235 x 107% | -0.0948103
Y4 1.53952 x 1076 | 0.00237047
Yio0 0.004 -0.55
Yia -0.0010217 0.530016
Yio 0.000144789 -0.116858
Y3 1.53823 x 107% | 0.00920172
Yia —6.45276 x 10~7 | -0.00023006




The root mean square deviation of the model with respect to the ab initio data points
is estimated to be 37 cm™!. There is no permutational symmetry in the fitted points
in this case and hence, model used differs from the one which has the permutational
symmetry. Its form is relatively simple and with less computationally intensive.

y= § a; [tanh(ﬁi(rl - ro))} [sech(ui(rl — ro))}

extra additive fitting term to account for different electronic correlation on either sides of the curve

1=20

1 [ 1
V=[S Aw| + |5 % 0.1578(1 — tanh [hl (r1 + co)]> +5 X 0.2008<1 + tanh [hg(rl - do)]>]

A; = 0.026843633576263688 a1 = 24.683346007292684 hi = 1.4035093988919418
Az = 0.013615887563453872 ag = —11.006176122989718  hye = 0.9051006624032045
Az = 0.15307476032783826 a3 = 1.1650121485101277 co = 0.7752103659248651
Ay = 0.65385686694769 a4 = 25.214314028355137 do = 2.5376139972120964
As = 0.6206987583064092 as = 31.402349864775466 ro = 0.7106544674263038
A = —9.934053561652608 1 = —0.34974887380007963

A7 = —13.409568040264201  f2 = —0.8557955346800209

Ag = 108.6995265629116 Bz = 0.7714533609757536

Ag = 83.52010790334467 B4 = —0.7062483462405179

Ao = —633.8610946259066 (5 = 0.5819332114226816

A = —256.2381834572584  py = 0.4804152777654364

Aj2 = 1994.8092806993543 po = 0.8997053741472438

Az = 338.84133836731405 w3 = 9.23783969355586

A4 = —3193.5651170629476  p4 = 0.7493005584619238

A1y = —1.161474926778965 s = 0.49862056574068964

A6 = 2018.8243839500694

A7 = —271.2748127056947

A1z = 66.81743447753055

A9 = —17.50904248367808

Agp = 3.1983343459460887



Ay = 7.459004109520924 x 1077
A = 12.399957232984109

Az = —0.0003948122094381275
Ay = —2079.9858486279163

As = 0.050212352384742344.
Ag = 268134.2281903645

A7 = —1.2156553404863077

Ag = 1913.8894437400832

Ag = —1.0806677444889121
Ao = 2.9530854868439613

A1 = 1.6016402746558116

A2 = 1.3161660707476857

a1 = 17.670460698786503
az = 17.670202558372925
a3z = 19.44085144677859
a4 = 32.63981524910839
as = —33.16258696500684
ae = 23.888031781737094
a7 = —39.73845047186302
ag = 28.145682626415667
ag = 20.571277658445
a1p = 26.420124822663364
B1 = 2.2810513296701873
B2 = 2.2809750072865347
B3 = 2.2811584782153105
B4 = —1.4894150203173853
Bs5 = 1.4808091780488688
Be = 1.381930172904812
b7 = 1.4813991231690264
Bs = —0.8870349379228686
Bg = 2.2812255636325998
B10 = —0.887257713276987
p1 = 1.650296315446314
w2 = 1.6503534656033862
3 = 1.6504874940662537
s = 2.451954389251743
s = 2.204923436981837
e = —1.1265384058675234
wr = 2.2046759695560354
ns = 1.2573475481785106
o = 1.6504646816883817
1o = —1.255750222609803

hl = 1.6666994382173637
c0 = —2.5664571305736423



Energy(cm 1)

v | Energy(em™1) | v

0 1314.91 18 32959.8
1 3921.89 19 33560.7
2 6484.49 20 34067.6
3 8978.06 21 34451.5
4 11401.6 22 34621.8
) 13783.5

6 16101.1

7 18331.0

8 20478.9

9 22527.7

10 24462.5

11 26266.4

12 27894.5

13 29224.2

14 30151.1

15 30958.9

16 31632.4

17 32320.4




